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EXPERIMENTAL PHYSICS, GROUP A 

Frank T- Solmiiz in charge 

K82 EXPERIMENT 

Margaret Alston-GarnjOBt, Angela Barbaro-
Galtieri, Stephen Derenzo, Stanley M. Flatte 1, 
Jerome H. Friedman, Gerald R. Lynch, 
Monroe S. Rabin, Frank T. Solmitz, Phi l ip 
Davis , Maxine Matison, Norman Uyeda, and 
Victor Waluch 

Scanning and most measuring have been 
completed on this 35-event/ | ib, 12 -GeV/c , 
K p experiment. 

K+p - ir+p K° 

More than 1500 events with a v is ib le K° 
were found. Detailed fits to the react ion have 
been made using the Bardacki-Ruegg general ­
ization of the Veneziano 5-point function, with 
several different sets of assumptions. We 
find that the quality of the fits depends to a 
large degree on the choice of kinematic fac­
tors , and we a l so find that a good fit can be 
obtained only by using five adjustable param­
e t e r s , multiple trajectories , and s e v e r a l 
kinematic fac tors . (Submitted to P h y s . Rev . ) 

Virtual IT p Scattering 

'In the react ion K + p -» K (890)ir + p, the ir +p 
m a s s upectrum auU decay-angle distributions, 
as a mnction of momentum transfer from the 
incoming proton to the IT p system, are stud­
ied for IT p effective mass l e s s than 2 GeV. 
The experimental results (9000 events) have 
been compared with the two-parameter Dflrr-
PUkuhn OPE model . Discrepancies between 
experimental results and theoretical behavior 

are exhibited. The study will be published 
soon. 

Low-Mass Kinr Systems 

A study has been made of the Kinr s y s t e m 
in the region of the Q enhancement (1.1 to 1.5 
GeV) in the react ions K + p — prTir°ir+. A 
two-peak structure i s observed: a Q . with 
M L - 1 . 2 6 GeV and r L ~ 0 . 1 2 GeV, and Q H 

with M H " 1.42 GeV and T H - 0 . 0 8 GeV. The 
K N (1420) does not account for the Q „ . P e r ­
forming Dali tz-plot fits, we find that the Q 
decays into K y ( 8 9 0 ) v, p(765) K, and e(700) K. 
Ahis work w i l l be published soon. 

Quasi-Three-Body Final States 

The m a s s spectra of the reaction." 
K + p - p K + $ . cj>~K"K + , and K + p - » p K + u , 
w •» v ir'u" a r e under investigation. L o w - m a s s 
enhancements i n K$, K», and pu are observed. 

Kir Scattering 

More than 1300 events of the reaction 
+ 11 

K p * Kir A are being used to study Kir s ca t ­
tering through the Veneziano formalism. The 
theory i s unitarized in each partial wave by use 
of the K m a t r i x formalism. Data analysis i s 
under way. 

1. Victor Waluch, Stanley Flatte", Jerome H. 
Friedman, and Denis Si vers , A Detailed Com­

parison of the Generalized Veneziano Model 
with Data on K+p—ir+pK° at 12 GeV/c , Law­
rence Radiation Laboratory Report TJCRL-
20107, Feb . 1971. 
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K70 EXPERIMENT 

Robert D. Tripp 

In collaboration with the University of 
Chicago, we are analyzing 600 000 pictures 
taken in the 25- in . hydrogen bubble chamber 
with a K" beam at different momenta from 
0.87 to 1.0 GeV/c . The purpose of the exper­
iment is to study in more detail the formation 
of Y^s in this energy region, as wel l as to 
study the sequential reactions: 

K'p - 2(1765) - A(1520) + ir 
» 2(1385) +ir. 

Scanning at EFINS and first measurements on 
the Spiral Reader at LBL have been completed. 
Analysis is in progress . 

ANTIPROTONS IN DEUTERIUM 

Margaret Alston-Garnjost, Ronald Huesman, 
Ronald R. R o s s , and Frank T. Solmitz 

. This study of antiproton interactions in 
deuterium i s being done by a collaboration of 
three Italian laboratories (Padua, P isa , Turin) 
with LBL physic is ts . The CERN 81-cm bub­
ble chamber was exposed to antiprotons with 
momenta between 1.0 and 1.6 GeV/c, yielding 
182 000 events . F ir s t and second m e a s u r e ­
ments of these events have been completed on 
the Spiral Reader, and the data are now being 
analyzed at LBL and in Italy. In a study of 
the reaction 'pn-* ir ir'iT between 2.08 and 2.29 
GeV c m . energy, we found that the popula­
tion of the 3-it Dalitz plot (a total of 2328 events 
at all energies) i s strongly no mini form and 
Bhcws a structure that can be qualitatively in ­
terpreted with simple Veneziano-type form­
ulae. The moments of the angular distributions 
of the three-pion plane were also examined. 
A study of the total cross section i s in pro­
gress . 

L. Feruzzo, S. Sartori , G. Zumerle, M. 
Alston-Garnjost, R. Hoesman, R. Ross , F . 
T. Solmitz, L. Bertanza, R. Carrara, R. 
Casali, P. Laricc ia , R. Pazzi , G. Borreani, 
B. Quassiati, G. Rinaudo, M. Vigone, and 
A. Werbrouck, The Annihilation pn•* n V v 
Between 1.0 and 1.6 GeV/c audi t s Compar­
ison with the Vene.ziano Model, Nuovo Chn^ 
JA, 333 (1971). 

ir"p INELASTIC REACTIONS 

Arthur H. Rosenfeld, Gerard Smadja, David 
J. Herndon, Larry Miller, Ronald Longacre 
(LBL); Roger Cashmore, David Leith (SLAC) 

A systematic study of ir'p inelastic inter­
actions from threshold to 2 GeV/c iB being 
carried out by LBL and SLAC, based on about 
85 000 Nirfl events from several bubble cham­
bers . We have undertaken two analyses: 

a) Our main effort has been to fit an extended 
isobar model i n which we write the T-matrix 
element T. - P = T for each partial wave k 

T K < N ™ > = a K A T K ^ ^ ' ' + a

K 0

 T K p ' N P > 

+ a K 0 - T K a < N < ' ) -
(« 

1. A. Bettinj, M. Cresti, M. Mazzucato, 

b) In parallel with this ambitious program, 
we made a s impler fit to the data in W— &~ band 
only: 

T K (Ninr) = o^ T K(An). (2) 

We have published two fits to this A" model In 
the 1688-MeV region, each with resonant D . -

2 and F . g waves , plus background. 
We have now developed a general program 

for maximum likelihood fits to Eq. ( i ) , and 
have obtained fits using 50 000 Nmr events b e ­
tween 1640 and 1800 MeV. The events were 
divided into s i x energy-bins , and independent 
fits were made to the model in each bin. We 
permit 60 "waves" (combinations of partial 
waves ?»d final-Btate resonances), but get 
respectable x with only 20 to 30 waves. Our 
only satisfactory solution does not agree v e r y 
well with either of Hie solutions to Eq. (2). 
For further details s ee the thesis of Larry 
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Miller. 
A s a byproduct, we have a lso published a 

4 
study of 80000 elastically scattered events . 

1. A. D. Brody e t a l . , Experimental Results 
on the Reactions TT~p-» trtrN in the c. m . Energy 
Range 1400-2000 MeV, Stanford Linear Acce l ­
erator Center Report SLAC-PTJB-9H and 
Lawrence Radiation Laboratory Report UCRL-
20856, June 1971; also, Supplement 1: Tables 
and Plots of Momenta of Angular Distributions, 
2 . A. D. Brody e t a l . , The Reaction ir"p-*ir A" 
at CMS Energ ies 1640-1760 MeV, Fhys . Let­
t ers 34B. 665 (1971). 
3 . L. R. Mil ler , Isobar Model Fit to the R e ­
action N«-» Nvw: Fitting Procedures and Fi ts 
at 1.7 BeV (Thes is ) . Lawrence Berkeley Lab­
oratory Report LBL-38, Sept. 1971. 
4 . A. D . Brody e t a l . , v 'p Elast ic Scattering 
in the CMS Energy Range 1400-2000 MeV, 
Fhys . Rev. D 3 , 2619 (1971). Two supplements 
have a lso been printed, but are not to be pub­
lished: Tables of Cross Sections and Po ly ­
nomial Coefficients, Supplement 1 t o SLAC-
PUB-789 and UCRL-20223; and A Comparison 
of the Results of Elast ic Scattering Phase Shift 
Analyses , Supplement 2 to SLAC-PUB-789 and 
UCRL-20223. 

TT66 EXPERIMENT 

Between February and August 1966, 
665 000 pictures were taken of « m e s o n s in ­
cident on deuterium In the 72-in. chamber. 
The beam momentum ranged from 1.1 to 4.2 
GeV/c . 

» d Interactions from 2.7 to 4.2 GeV/c 

Orln L. Dahl and Paul L. Hoch 

We are studying about 20 000 strange-
particle production events (with a vis ible A or 
K° decay). The res t of the 2.7- to 4 . 2 - G e V / c 
exposure i s being analyzed at Purdue and 
Il l inois. 

We have investigated certain OME-forbid-
den react ions, using data from this experiment 
and our previous ir'p exposure. We have m e a ­
sured the electromagnetic mass difference in 
the K*(890) to be Am3m(K*° ) -m(K* ± )= -3 .6±4 .0 

MeV. A report on these and other aspects of 
this exposure i s being prepared. 

v d Interactions from 1.1 to 2.4 GeV/c 

Orin L Dahl and Paul L. Hoch 

The react ion v d-» (p)ptr ir'tr0 has been 
studied in a 264 000-picture bubble-chamber 
experiment with pion beam momentum between 
1.1 and 2.4 G e V / c . The most significant fea­
tures of the final state are production of n and 
u mesons in the reactions 

IT n -» up. 
It B * Up. 

The T) production characteristics are wel l de­
scribed by a Reggeized A^-exchange model 
using Veneziano-type residue functions. The 
u production and decay characteristics have 
been analyzed, and i t i s found that a p-exchange 
model with absorptive corrections i s inadequate 
to describe the data. 

1. J. S. Danburg, M. A. Abolins, O. I . Dahl, 
D. W. Davies , P . L. Hoch, J. Kirz, D . H. 
Miller, and R. K. Rader, Production and D e ­
cay of t) and u Mesons in the Reaction 
tPd — (p) p« «"«* Between 1.1 and 2.4 G e V / c , 
Fhys. Rev. D2, 2564 (1970). 

P65 EXPERIMENT 

Eugene Gel lert 

An exposure of the 72-in. hydrogen bubble 
chamber to protons at 5.5 and 6.6 GeV/c was 
made in 1965. Using tins film, we are study­
ing the inclusive reactions for «",« , p , and n 
production for a l l nonstrange topologies ( 2 , 4 , 
and 6-prongs) at 6.6 GeV/c. A prel iminary 
paper d i scussed the case of single-particle 
proton distributions for 2 - and 4-prongs; this 
i s being extended to the above part ic les , and 
to models other than That of Kr i sch . 

The study of the reaction pp-* pp* * has 
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difference. The results are consistent with 
CPT invariance and with the values of the mix­
ing parameters determined by means of weak 
interactions. Other absolute cross sect ions 
and ratios of cros s sections for the K°T p and 
K p sys tems are also given in the same pub­
lication. 

1. G. W. Meisner and F. S. Crawford, Inter­
actions of Neutral K Mesons with Hydrogen, 
Fhys. Rev. D3, 2553 (1971). 

SPARK CHAMBERS AND COUNTER STUDIES 
Orin I. Dahl, Morris Pripstein, and Michael 
Wahlig 

Neutral Final States in u"p Interactions 

In collaboration with members of the 
Kenney-Helmholz group, a ser ies of spark-
chamber experiments has been performed at 
the Bevatron to study various neutral final 
states produced in ir'p interactions at beam 
momenta from 700 to 2400 MeV/c . The prin­
cipal reactions being analyzed are 

ir'p -» nir0 (1) 
* mi (2) 
- mrV. (3) 

All part ic les in the final state (produced 
in an LH, target 8-in. long) are detected by 
means of 20 neutron counters and a 4 * so l id-
angle array of lead-plate spark chambers . 
The latter, which are 7 to 8 radiation lengths 
thick, are used to detect electron showers 
from v rays . The program involved three sep­
arate experimental setups at the accelerator . 
The data-collection phase was completed i n the 
spring of 1970, with a total of about i . 25 m i l ­
lion pictures taken. At present, we are in the 
midst of an intensive long-range analysis of 
this data, which i s expected to continue through 
FY 1972. The main goals of the analysis are: 
1) to study the energy dependence of the differ­

ential cross - sec t ions for purposes of making an 
S-channel partial-wave analysis; 2) to c o m ­
plete a h igh-s tat i s t ics measurement of the neu­
tral decay m o d e s of the n meson; and 3) to 
study the v° ir" s y s t e m in a search for scalar 
mesons and to measure the S-wave v-rt phase 
shifts. 

Polarization Parameter in w"p -» n«° 

Using much of the same equipment a s i n 
the preceding spark-chamber experiments, hut 
replacing the L H , target with a polarized t a r ­
get developed at LBL, we have se t up an e x ­
periment at the Bevatron to measure the polar­
ization parameter in the reaction ir'p — mr° at 
various beam momenta between 1000 and 1600 
MeV/c . No such measurements have a s yet 
been made in this energy region. The equip­
ment i s al l s e t up now on the floor of the Bev­
atron, and we are in the final stages of check­
ing out the performance of the apparatus. We 
expect to begin taking data in the next few 
weeks. The experiment i s being done i n c o l ­
laboration with members of the Segre-Cham-
berlain and Kenney-Helmholz groups of LBL. 

Study of Tr~p-»mTB. nn. andmrV 

In collaboration with members of th.--
Kenney-Helmholz group of LBL and sc ient i s ts 
from Ca l -Tech and NAL, we are preparing an 
experiment t o study the above reactions at 
NAL. The two-body reaction cros s sect ions 
are among the m o s t important measurements 
to be mads i n the new high-energy region avai l ­
able at NAIi. A measurement of the forward 
differential c r o s s sections of the «°n and nn r e ­
actions provides the most direct experimental 
test of the validity of the simple Regge theory 
at these high e n e r g i e s . Secondly, the 0-deg. 
cross sect ion of the charge-exchange reaction, 
»"p •» w°n, i s sensit ive to small differences 
between the *~p and * p total cros s sec t ions . 



-9-

and is thus a sensitive measure of the asymp­
totic behavior of these hadronic total cross 
sections. Finally, as an important by-product 
of the experiment, we will be able to measure 
the reaction ir~p •» nVir0 to search for new 
1 = 0 and 1=2 boson resonances. 

The experiment utilizes a new scheme to 
accurately determine the V or r\ directions. 
The detector ie a counter hodoscope, com­
posed of 140 narrow "finger counters" that lo­
cate the shower position and integrate its total 
energy loss. This knowledge allows one to 
uniquely solve for the IT" or i\ direction. Tests 
have already been made at SLA? which verify 
that the detector will operate as calculated. 
In addition, a highly efficient veto system of 
counters to detect and veto a large expected 
background of gamma rays and charged par­
ticles has been designed, and prototypes have 
been successfully tested at the Stanford Mark 
HI linear accelerator and at the University of 
California Davis cyclotron. Construction and 
final testing of all file apparatus should be 
completed in a few months time. 

COSMIC-BAT EXPERIMENTS 

High-Altitude Particle Physics and Cosmic-
Ray Experimental Facility 

Luis W. Alvarez and Michael A. Wahlig (LBL); 
Andrew Buffington, Richard A. Mailer, George 
Smoot, and Lawrence H. Smith (Space Sciences 
Laboratory), University of California, Berkeley 

We have been occupied during Hie last year 
with the preparation and flight of our cosmic-
ray balloon experiment, data analysis of the 
first flight, design studies for a new cosmic-
ray experimental gondola, and activities which 
we hope will come to fruition in a satellite 
cosmic-ray experiment. 

Our Small Superconducting Magnet (SSCM) 
gondola system was successfully flown on 18 
September 1970 and again on 7 May 1971 from 
Palestine, Texas (Fig. 1). The film from the 

Fig. 1. Gondola is held in place until launch 
by Tiny Tim, the HAPPE (High Altitude 
Particle Physics Experiment) launch vehicle. 
Instruments--which included a superconducting 
magnetic spectrometer and an array of optical 
spark chambers—have recorded 60000 spark-
chamber pictures on each flight, 

(XBB-717-3262) 

first flight has been measured on an automatic 
encoding machine, and the measurements have 
been interpreted to yield a momentum spec­
trum for individual elements ranging from hy­
drogen to neon. When our data analysis, scan­
ning, and calibrations are finished, we will 
have several thousand events of lithium and 
above, better statistics than any other exper­
iment by nearly a decade. We will also have 
a helium spectrum with about 10 events and 
a hydrogen spectrum with 5x10 events. The 
data of the second flight will increase the sta­
tistics as well as eliminate a correction to the 
data due to delta rays operating the anti-coin­
cidence scintillator. 

Design is rapidly advancing on our next 
experiment, in which a water Cerenkov coun­
ter will be added below a magnetic spectrom­
eter. Addition of the measurement of Ceren­
kov light to the momentum and charge measure­
ments already performed by SSCM will enable 
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n s to separate individual isotopes of the cosmic 
rays up through neon. Of particular interest 
i s the isotope Be, whose radioactive decay 
permits an unambiguous "dating" of the cosmic 
rays . Further, the ratios of source i sotopes , 
such as carbon or oxygen, provide useful in­
formation bearing on the nuclear p r o c e s s e s 
that are going on in the cosmic -ray sources . 

Our proposal to NASA to measure s e p ­
arately the e lectron and positron spectra in 
the second High-Energy Astronomy Observa­
tory (HEAO) Satellite has been accented. Early 
studies of cryogenic design and other technical 
problems are now under way, although exten­
sive funding of this project i s not possible until 
mid-1972 . The tentative launch* date i s mid-
1976. Our apparatus wil l utilize a 1-year-
lifetime liquid-helium dewar for our super­
conducting magnet. The electron or positron 
trajectory wi l l be measured in a wire-chamber 
sys tem c lose to the magnet, and the energy 
wi l l be separately measured in a total -absorp­
tion counter. The resulting spectra wi l l shed 
light on the propagation of cosmic r a y s , their 
interactions and leakage from the galaxy, and 
wi l l give further information about the cosmic -
ray sources . 

~1 ^Bwid 

Fig. 2 . Schematic of apparatus for c o s m i c -
ray muon experiment: A, B, and C are 
scintil lation-counter hodoscopes, M i s a 
30 fcG-m airgap magnet, and 1 to 6 are optical 
spark chambers . Mirrors to give a 90 deg 
stereo v i e w of each chamber are not shown, 
nor i s the 7 0 - m m camera which v iews f rom a 
distance of 20 m. (XBL-712-2961) 

LBL-SLAC Cosmic-Bay Experiment 

Stanley M. Flatte*. Richard DeCoster, M. Lynn 
Stevenson (LB1); William Toner and Ted 
Zipf— SLAC 

With the apparatus shown schematical ly 
in F ig . 2 , we have gathered over 1.5 mil l ion 
pictures of cosmic -ray muons in spark cham­
bers . The low-momentum cutoff i s about 5 
GeV/c , and the angular acceptance covers 50* 
to 90* zenith angle. The Geometry-Time fac­
tor for the experiment i s approximately 2 x 1 0 
c m - s r - s e c . More than 300 events with m o ­
mentum above 1000 GeV/c have been found. 
The muons traverse a 27 kg-m magnet, and 
the measurement error on the bend angle cor­

responds to the bend of a 2000 CeV/c particle . 
With these data, we see no evidence for anom­
alous muons above 1 TeV. The resu l t s for 
momenta above 1 TeV were presented at the 
Stanford APS meeting and hare been publis bed 2 

(see Fig . 3) . 

1. H. E . Bergeson et a l . , Evidence for a 
New Production Proces s for 10 - e V Muons, 
Phys. Rev. Letters 19, 1487(1967) and i l t h 
Int. Conf. Cosmic Rays, Budapest, 1969, MTJ 
31. 
2 . S. M. Flai-e", R. J. DeCoster. and M. L. 
Stevenson, Zenith-Angle Distribution of Atmo­
spheric Muons Above 1 TeV, Phys . Let ters 
35B, 345 (1971). 
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SecS* 
Fig. 3. Angular distribution of atmospheric 
maous above 1 TeV. The solid curve i s the 
best fit to the conventional model of pion and 
kaon decay, using al l our data above 0.3 TeV 
v i m an absolute normalization constraint from 
other experiments represented by file c r o s s . 
Our data, the vert ica l point, and the c u r v e s 
are absolutely normalized. The Utah data 
are from their smal les t depth (2400 h g / c m ? ) 
and represent a slightly lower energy than 
our exper iment The Utah points have been 
slightly shifted in absolute normalization s o 
that they can be directly compared with, the 
theoretical curves . The parameter x m e a ­
sures the ratio of anomalous muons to pious 
at production. (XBL-712-2959) 

SEARCH FOR MONOPOLES 

Luis W. Alvarez , Philippe Eberhard, Horst 
Oberlack, and Ronald R. Ross 

A search for monopoles in Apollo XIV 
fines and se lected samples of Apollo 33 and 
XII materia l was carried out at the Manned 
Spacecraft Center in Houston, Texas , i n Apri l 
of this year . No monopoles were found in over 
10 kg of lunar material . Detailed analysis of 
the measurements and interpretation of tile r e ­
sults are being worked on now. A final report 

has been prepared concerning the Apollo XI 
search carried out previously. 

Work i s progress ing on a target and trap 
for the approved experiment to search for 
monopoles produced by the HAL beam. An 
exposure of tiie target i s anticipated in ear ly 
1972. 

1. Philippe H. Eberhard, Ronald R. R o s s , 
Luis W. Alvarez and Robert D. Watt, Search 
for Magnetic Monopoles in Lunar Material, 
Lawrence Radiation Laboratory Report UCRL-
20835, June 1971, to be published in P h y s . 
Rev. 

DETECTOR DEVELOPMENT 

Detectors Using Liquified Noble Gases 

Luis W. Alvarez , Stephen E . Derenzo, Gerard 
Smadja, Robert G. Smits and Haim Zaklad 
(LBL); Richard A . Mailer (Space Sciences Lab­
oratory); University of California, Berkeley 

We have studied the proportionality, e.'fi-
ciency, and gain of a single-wire proportional 
chamber and the spatial resolution of a m u l t i ­
ple-wire ionization chamber, both filled with 
liquid xenon. In developing these counters, w e 
are following a suggest ion by Alvarez that we 
might overcome some fundamental l imitations 
of conventional spark chambers and multiwire 
proportional chambers—which are " ° w » t o 
achieve a spatial resolution much better ±200 
u—by decreasing the thickness of the chamber 
and increasing the density of the detecting 
medium. 

The geometry of our single-wire chamber 
i s s imilar to that of a standard gas-f i l led p r o ­
portional counter except that the anode wire i s 
extremely fine, a s smal l as 3.5u i n diameter , 
in order to have high gain without spurious 
e lec tr ica l d i scharges . The chamber i s approx­
imately 100% efficient in detecting the alpha 
particles from i t s internal a m e r i d u m - 2 4 1 
source. Its low-voltage behavior can be under­
stood i n terms of e lec tron avalanche with a 
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Measurement of the T = 3 /2 Kir Elast ic Scat­
tering Cross Section, Lawrence Radiation 
Laboratory Report UCRL-19426 R e v . , Feb. 
1971, submitted to Phys. Rev. 

11. Z. Ming Ma and E. Colton, Evidence 
for a Narrow N~(1470), Phys. Rev. Letters 
26, 333 (1971). 

12. C. Morehouse et a l . , Asymmetry in TT 
Photoproduction from a Polarized Target at 
5 and 16 GeV, Phys . Rev. Letters 2j>, 835 
(1970). 

13. C. C. Morehouse, Photoproduction of n 
Mesons from a Polarized Proton Target at 
5 and 16 GeV (Thesis), Lawrence Radiation 
Laboratory Report UCRL-19897, Aug. 1970. 

14. T. M. Powell , Search for Polarization 
in Elast ic e ' p Scattering at 15 and 18 GeV 
(TheBis), Lawrence Radiation Laboratory R e ­
port UCRL-20093, Aug. 1970. 

15. P. B.obrish et al. , Backward np Scat­
tering with a Polarized Target, Phys. Letters 
31B. 617 (1970). 

16. S. Rock, Search for T-Violation in the 
Inelastic Scattering of Electrons from a P o ­
larized proton Target (Thesis), Lawrence 
Radiation Laboratory Report UCRL-20041, 
Aug. 1970. 

17. D. H. Saxon, J. H. Mulvey, and W. 
Chinowsky, ir'p Reactions at 456, 505 and 
552 MeV/c, P h y s . Rev. D2 , 1790 (1970). 

18. H. M. Steiner, Pion-Nucleon Scattering: 
Experiments and Phase Shifts, Lawrence 
Radiation Laboratory Report UCRL-20678, 
Apr. 1971. 

19- Clyde E. Wiegand and Richard H. Peh l . 
4 

Measurement of Kaonic X Rays from He, 
Lawrence Berkeley Laboratory Report 
LBL-22, July 1971. 

20. Clyde E . Wiegand, Semiconductor D e ­
tectors in High-Energy Phys ics , Lawrence 
Radiation Laboratory Report UCRL-20042, 
Sept. 1970, presented at Intl. Conf. on In­
strumentation for High Energy Phys ics , 
Oubna, USSR, Sept. 8-12, 1970. 



If two planes of multiwire proportional 
chambers are used with an external absorber, 
we estimate that 99.0% efficiency can be 
achieved. We are continuing our Bevatron 
tests to verify this number. 

1. S. E. Derenzo, D. B. Smith, R. G. Smits, 
H. Zaklad, L. W. Alvarez, and R. A. Muller, 
Recent Developments in High-Re solution Noble 
Liauid Detectors, Lawrence Radiation Labora­
tory Report UCRL-20118, Oct. 1970, and Na­
tional Accelerator Laboratory Summer Study 
Report SS-181 (Batavia, Sept. 1970). 
2. R. A. Muller, S. E. Derenzo, R. G. Smits, 
H. Zaklad, and L. W. Alvarez, Particle De­
tectors Based on Noble Liquids, Lawrence 
Radiation Laboratory Report UCRL-20135, Oct. 
1970, and Proceedings cf the Int. Conf. on 
Instrumentation for High Energy Physics, 
Dubna, 1970. 
3. R. A. Muller, S. E. Derenzo, G Smadja, 
D. B. Smith, R. G. Smits, H. Zaklad, and 
L. W. Alvarez, Liquid-Filled Proportional 
Counter, Phys. Rev. Letters 2J, 53Z (1971). 
4. S. Parker et a l . , Measurement of the Po­
sition and Energy of 4.5 GeV and 9 GeV Elec­
tron-induced Showers Using Multi-Wire Pro­
portional Chambers, Bull. Am. Phys. Soc. 
lb, 658 (1971). 
5. R. Jones et a l . , Quantameter Test Pro­
gram, LRL Physics Notes, 5 January 1971. 
6. S. Parker et a l . , University of Hawaii-
LRL Quantameter Test Program, Phase n , 
SLAC Users ' Bulletin, 3 February 1971. 
7. D. Tount. Delta Rays and the Proportional 
Quantameter, UH-511-92-71. 

PARTICLE DATA GROUP 

Angela Barbaro-Galtieri, Thomas Lasinski, 
Alan Rittehberg, Arthur H. Rosenfeld, 
Thomas Trippe (LBL); LeRoy R. Price (UC 
Irvine) 

This group is involved in three major ac­
tivities: 

(a) The annual issuance of "Reviews of Par ­
ticle Proper t ies ," which is published alter­
nately in Rev. Mod. Phys. and Phys. Let-
t e r s . 1 ' 2 

(b) The compilation of data on particle 
cross sections. These reports' are printed 
and distributed by both CERN and LBL. The 
two compilations now under way are "p and ir 
interactions. In addition, we have started a 
major collaboration with Prof. Geoifrey Fox 
of Caltech to compile all quasi-two-body infor­
mation, both on magnetic tape and in reports . 

(c) The development of a computer system 
which will handle the storage, retrieval, and 
output of both data and references on particle 
cross sections. We are working towards the 
issuance of an annual literature index which ". 
will include all high-energy physics informa­
tion, whether or not we have yet encoded the 
data; this includes approved experiments at 
various accelerators, preprints, conference 
proceedings, and of course publications. 

1. M. Rooc et a l . , Review of Particle Prop­
erties, Phys. Letters 33B. 1 (1970). 
2. A. Rittenberg et aL , Review of Particle 
Properties, Rev. Mod. Phys. 43, 81 (1971). 
3. O. Benary et a l . , NN and ND Interactions 
Above 0.5 GeV/c--a Compilation, Lawrence 
Berkeley Laboratory Report UCRL-20000 NN, 
Aug. 1970. 

DATA-REDUCTION OPERATIONS .-

Edward H. Hoedemaker 

The manpower level of the Scanning and 
Measuring group averaged 41.4 full-time equiv­
alents this year, a 15% decrease from the same 
12-month period last year. Eighteen exper­
iments required scanning, with three principal 
experiments accounting for two-thirds of the 
total scanning effort. Table I lists the six 
largest experiments. Total frames scanned 
was 2 381856. The group measured 989 747 
eventt>; the relevant breakdowns are shown in 
Tables II and m . 
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Table I . Scanning dis t r ibut ion. 

Eftnerisient name 
( a i r abe r ) 

High-ai t i tude 
IWUOOII. exp . (2Z) 

1st 3can 
2ZL4 s can 
Misce l laneous 

s8Z (3Z) 
l i t scan 
2nd scan 
Miscellaneous 

H* Becay (35) 
i st scan 
2nd scan 
Misce l laneous 

Laser (37) 
1st s c a n 
2nd fc 3rd scans 
Miscel laneous 

CS69 (42) 
1st scan 
2nd It 3rd scans 
Miscel laneous 

51m? (43) 
1st scan 
2nd lc 3rd scans 
Miscel laneous 

F r a m e s of f i r s t F r a m e s of second and 
production s c a n t h i r d production s cans 

Scan effort 
Ch) 

36757 

557 9ZZ 

66274 

330 208 

265 958 

175 833 

3Z79 

41Z9Z 

7 100 

3Z7 738 

246 564 

27006 

701.5 
95.4 

508.6 

4452.6 
367.8 

5695.2 

771.0 
116.9 

89.2 

1469.5 
1348.8 
3179.3 

705.8 
584.3 

1181-2 

3451.4 
539.3 

2570.3 
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Table II. Breakdown of measurements by 
machine used. 

Machine Events 

Franckenstein 5 445 
Spiral Readers 792 134 
SASS 192168 

Measuring 
hours 

951 
12 353 

2 988 

Total 989 747 16292 

Table i n . Breakdown of measurements by 
experiment. 

Bubble chamber 
experiments 

Name (number) Description Number of 
events 

Purdue (15) ir"d 18356 
n82 (32) ir p, 52 in 636970 
Laser (37) •yp, 82 in 24248 
K70 (44) K"p, 25 in 80 388 
K67 (46) K'p, 25 in 35 737 
Miscellaneous 1880 

Total 

Spark chamber 
experiments 

N* decay (35) 

Ninr (43) 

ir'p, optic, 
n T O F 

ir'p, optic, 
n T O F 

Total 

Total for group 

797579 

30202 

161966 

192168 

989 747 

PROGRAMMING EFFORT 

B. Pardoe (supervisor) , U. Arkadir, O. I. 
Dahl, N. L. Gould, M. Hoffman, M. S. 
Hutchinson, W. O. Koellner, M. Leavitt, 
E . G. Lieberman, S. W. Reynolds, E . A. 
Romas can, and J. J. Wilson 

Bubble-Chamber Programs 

The new vers ion of the Spiral Reader f i l­
tering program (POOH), which searches for 
the tracks mi s s ing i n a given view using infor­
mation from the t racks found in the other 
views, has undergone further development. 
At present 97.5% of events are passed by 
POOH, and current indications are that the 
new version of POOH wi l l have a pass rate a p ­
proaching 99%, 

Logic i s a l so being incorporated into POOH 
to detect tracks incorrect ly flagged as stopping 
which actually pas s through the top g lass of the 
bubble chamber. 

A further reduction (by 4K words) in tine 
field length of SIOUX, the program for recon­
structing and fitting bubble-chamber events ,v 
i s being effected by use of new input/output 
routines; and the general event-handling p r o ­
gram MERGE-SELECT for merging tapes of 
data and collecting specified events from a; 
tape, has been partly recoded with a conse ­
quent increase i n execution speed of about 25%. 

Spark-C"""b^' - Programs 

The SASS s y s t e m was readied for the High 
Altitude Part ic le P h y s i c s Experiment, and a 
preliminary pas s has been made through the 
60000 events recorded during file balloon 
flight of September 1970. 

The programming work for the c o s m i c -
ray angular-distribution experiment was c o m ­
pleted {apart from minor modifications which 
may be neces sary i n future), and the exper-
imental data are now being processed. 
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Streamer-Chamber Programs 

Preparation has begun for the s t r e a m e r -
chamber experiment and methods are being 
discussed for the data reduction. A program 
to simulate measurements of s treamer-
chamber f i lm i s being developed. 

General Support 

The initial operating program for the 
computer-driven Franckenstein measuring 
projector (MP1IB) was completed, together 
with hardware check-out programs and v a r ­
ious software maintenance programs. One of 
the features of the operating system i s the 
use of track-off-center information, provided 
by the hardware, to determine more prec i se 
track coordinates. This permits the tracks 
to be measured faster as the c r o s s - h a i r s do 
not need to be kept as cloBely aligned to the 
track as with the other Franckensteins. 

Extensive changes have been made in our 
fitting program OPTIME, including introduc­
tion of additional estimators and stepping pro­
cedures. Currently, efforts are being d i ­
rected to reducing the cost of using the pro­
gram. The program i s already in use at var­
ious domest ic and foreign institutions. 

The Crossplot program, which the P a r ­
ticle Data Group will use to generate graphs 
for their data compilation, was finished. 

A program NCRPLOT, which produces 
plots of publishable quality on the CALCOMP 
and which was adapted from a program used 
by the Goldhaber group, was made available. 

In conjunction with Nuclear Chemistry, 
we are developing a computerized multifont 
editing and type-setting system, compr i sed- -
ult imately--of CRT terminals connected to a 
PDP-8 which i s interfaced to the CDC-6600. 
The PDP-8 wil l handle the editing and d i s ­
play functions; and the CDC-6600 the more 
complex functions of page composition. 

data-base manipulation, etc. The composed 
page wil l be s e t on a SC-4060 microf i lmer. 

PUBLICATIONS AND PAPERS 

1. M. Abolins , G. Smith, Z. Ma, E . Gellert, 
A. Wicklund, Comparison of Proton Momen­
tum Spectra in Proton-Proton Collisions In­
volving Pion and Kaon Production, Phys . Rev. 
Letters 23. 126 (1970). 

2. M. Abolins, R. Graven, R. McCarthy, 
G. Smith, L. Smith, A. Wicklund, R. Lander, 
D. Pellett , Search for T = l Bosons Near l G e V 
in the Reaction pp -» d + MM, Phys. Rev. Let­
ters 25, 469 (1970). 

3. M. Alston-Garnjost, A. Barbaro-Galtieri, 
W. F. Buhl, S. E . Derenzo, L. D. Epperson, 
S. M. Flatte", J. H. Friedman, G. R. Lynch, 
R. L. Ott, S. D. Protopopescu, M. S. Rabin, 
and F. T. Solmitz , A* Mass Spectrum in 7-
GeV/e ir p Interactions, Phys. Letters 33B, 
607 (1970). 

4. M. Alston-Garnjost, A. Barbaro-Galtieri, 
W. Buhl, S. Derenzo, L. Epperson, S. Flatte", 
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Ratios of flie A , Meson Observed in 7 -GeV/c 
v p Interactions, Phys . Letters 34B, 156 
(1971). 

5. M. Alston-Garnjost, J. W. Davis, P . M. 
Dauber, R. G. Smits , A Large Granite Stage 
and Measuring Microscope, Lawrence Radi­
ation Laboratory Report UCRL-19770, June 
1971, to be published in Rev. Sci. Instr. 

6. M. Alston-Garnjost e ta l . , Observation of an 
Anomaly in the ir ir~ System at 980 MeV, Phys . 
Letters 36B. 152 (1971). 
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Byrns, P . H. Eberhard, R. E . Gilmer, E . 
H. Hoyer, R. R. Ross , H. H. Stellrecht, 
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mitted to Phys . Rev. 

9. A. Barbaro Galtieri, The A , and the 2 
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GeV/c, Phys . S e v . D3 , 1063 (1971). 
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EXPERIMENTAL PHYSICS 

Button J. Moyer and A. Carl Helmholz in charge 

This Group's research program conrlmwa 
to be diversified! involving experiments 
utilising the Bevatren and the 184-in. cyclo­
tron. Recently a proposal has been accepted 
for the first round of experiments at the 
National Accelerator Laboratory, and an­
other long-range NAL proposal is in prepara­
tion. Our Bevatron research includes studies 
in bom hadron physics and the weak interac­
tions. 

As in previous years, considerable effort 
has gone into instrumentation, especially 
spark chambers. Charpah chambers, and 
readout devices. Effort is presently directed 
toward developments of mulcSwire chambers 
and methods of readout of file resulting in­
formation. There are wide applications for 
these developments in high and medium-en­
ergy physics as well as in medicine. 

s'p CHARGE EXCHANGE AT HAL ENERGIES 
Robert W. Kesney, Michael Wahlig, Grin 
Dahl. and Morris Fripstein 

In collaboration with Cal-Tech we ham 
an investigation of Che reaction *~p-« «*n 
scheduled on the first round of NAL experi­
ments. The differential cross section at small 
momentum transfer [t <2(GeV/c) 2 ] can be 
measured with adequate counting rates up to 
200 GeV; mis information will lead to two dif­
ferent and rrrlHitg results: 

1. The total cross section, deduced with 
the aid of me optical theorem, will give the 
moat sensitive test of equality of s 'p and w p 
total cross sections, thereby testing 8 M 

Pomeranchuk theorem. Perhaps some of the 
conflicting results surrounding this point will 
be laid to rest. 

2. Predictions of Reggeism must be put 
to the test, Traditionally, extrapolations to 
higher energy have been found somewhat 
wanting; new data in higher energy regions 
are most important for confirming and ex­
tending the Regge-based ideas. 

Our proposed measurements of do/dt are 
directly predictable, and the data will bear 
equallydirectly and immediately upon theoreti­
cal activity above 100 GeV. 

At fids writing, scheduling uncertainties 
prevail at HAL. We expect to complete oar 
preparations i s January 1972. and hope to be 
installed at NAL. during the coming spring. 

CHARGE-EXCHANGE POLARIZATION 

R. Chaffee, R* Johnson, R* W. Kenuey, 
J. Kelson, V . Oliver, D. PoJlaxd, A. Skuja, 
M. Wablig, O. Dahl, M. Fripstein, 
L. Anderson, A. Bridgewater, O. Chamberlain. 
W. Gorn, P. Boorish, & * " ~ — • G. Shapiro, 
sad H. SteJner 

The elementary pion-nucleon charge-ex­
change reaction «"p-» s 'n has bees extensively 
studied in the resonance region without much 
attention having been gives to the neutron 
polarisation parameters. Significant contribu­
tions to phase-shift analysis are expected from 
mis work, perhaps even a unique energy track 
selection from the myriad phase-shift solutions 
throughout the resonance region. 

The experimental setup is progressing with 
data-taking expected to begin before the end of 
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1971. Eight-hundred running hours on the 
Bevatron are approved for this collaboration 
with Group A and the Segre-Chamberlain group. 

NEUTRAL DECAY MODES OF THE i)° MESON 

Roger Chaffee, Robert W. Kenney, Jerry 
Nelson. Andris Skuja, Orin Dahl, Morris 
Pripstein, and Michael A Wahlig (LBL); 
Thomas B. Risser (Saclay) 

The gamma-detecting spark-chamber 
array developed for the K? experiment is ideal 
for studying branching ratios among the neutral 
decays of the i)° into the states YV> "*YY» «nd 
3s". These ratios are important to theoretical 
understanding of the n* particle. Data from 
various experiments have given divergent 
results. The equipment and techniques here 
developed are expected to resolve fids prob­
lem convincingly on the basis of data we have 
acquired during the past and present fiscal 
years. 

In our experiment (done i s collaboration 
with Group A), selection of the reaction 
•*p -»ij*n is made by time-of-flight and 
angle determinations oa the neutrons. The 
correct neutron counter signature triggers the 
chambers, thus displaying the array of 
showers and allowing identification of the 
particular neutral final-state through shower 
multiplicity and MnemiHr determinations. 

Preliminary results for the branching 
ratios have been nhttmed and are reported in 
a Ph. D. meals. * It is found mat 

R / " -TV \ = 0.580*0.013 
\n*-» all neutrals/ 

R / " * - 3 I ? \ , 0.420*0.015. 
\n*-»all neutrals / 

Furthermore, it is found, with 99J* confidence, 
mat 

R f V - v'vv \ < 0 .o6 l . 
\q* — all neutrals / 

Redaction of these statistical errors i» cur­
rently being carried forward with the other 
phases of our v'p data, and the final results 
will appear Oils year. Former investigation 
is under way of the vyy final state. The error 
in the measurement of mis branching ratio 
can be significantly reduced. The experiment 
has given us outstanding statistical and sys ­
tematic data, and should bring to an end the 
uncertainty that has attended mis aspect of 
i)° phenomenology. 

Thomas B. Risser, NeutrslDecays of the n" 
Meson (Ph.D. Thesis), Lawrence Radiation 
LaboratoryReportUCRL-20039, Aug. 1970. 

SEARCH FOR N*(1680) - n»n 

Roger Chaffee, Robert W. Kenney, Jerry 
Nelson, Andris Skuja, Orin Dahl, Morris 
Pripstein, and Michael A. Wahlig (LBL); 
Thomas B. Risser (Saclay) 

The group-theoretical classification of the 
various isobar states of the uncle on system 
predicts the decay channels mat should exist 
for mem. For example, SU(3) predicts a 
cross section of 0.3 mb for an n*n final state 
via either D 1 5[N*(1680)] or the F l g [ N*(l688)] 
intermediate state. Neither decay mode has 
been observed previously. In collaboration 
with Group A, we have applied our spark-
chamber system to mis problem for the q*n 
final state in the region of the N*(l680) and 
N*(1688) isobars. In bom this and the pre­
ceding experiment, neutron coasters with 
flight-time information provide the selected 
condition for triggering the spark chambers. 

Clean separation of n final states has been 
achieved, and only a few minor problems re­
main in the data-analysis system. The sep­
aration of N intermediate states has awaited 
the completion of iieftware 'heeded in the auto­
matic met *uring. Results are forthcoming at 
this time and will appear shortly. 
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v'v° INTERACTION 

Rober Chaffee, Robert W. Kenney, Jerry 
Nelson, Andris Skuja, Grin OaU, Morris 
Pripstein. and Michael A. Wahlig (LBL); 
Thomas B. Risser (Saelay) 

In collaboration with Group A, the reaction 
v'p -» «**°n has been extensively observed, 
over a range of incident v* energies; and 
ldnematicBl analyses of the •»••»• system (which 
must be T = 0, or in very small amount T = 2) 
are progressing. Preliminary results from 
these analyses indicate that they may yield 
clear evidence bearing upon the presence or 
absence of an " e" meson, with T = 0 and 
J = 0. decaying into v** 8 . 1 Results of mis 
experiment will be available early in 1972. 

This experiment also includes data for 
the process s"p •*• »°n, allowing a precise 
measurement of the charge-exchange differ­
ential cross section. About 10 000 events of 
mis type have been obtained at each of five 
momenta of the incident ** (1.6, 1.8, 2.0. 2.2, 
and 2.4 CeV/c). This i s an order of magnitude 
more events man previously have been ob­
tained in mis energy range. The data will 
also allow a search for me process if T Y -

M. Pripstein, New Experimental Results on 
the T = 0, J •= 0 «w System Below 1 GeV, Boll. 
Am. Phya. Soc. 15. 766 (1970). 

OPTICAL PULSARS 

Jerry Nelson (LBL); Richard Hills (Astronomy 
Dept., V. C. Berkeley); David Cudaback 
(Radioastronomy Laboratory, V. C. Berkeley); 
Joseph Wampler (Lick Observatory, U. C. 
Santa Crux) 

In order to determiae me time-dependence 
«i the frequency of a pulsar, we have devised 
act set into operation a method of relating the 
optical pulses from the pulsar to a rubidium 
atom! i clock, which is in turn regularly 

standardized against the secondary time 
standards at the Hewlett-Packard Corporation. 
Observations on the Crab Nebula pulsar were 
made at Lick Observatory from December 
1969 through May 1970. and again beginning 
in August 1970. To increase our data-taking 
rate, the observing has been transferred from 
the 36-in. telescope to die 24-in. telescope 
where we now observe full-time. 

Extremely accurate determinations of the 
parameters used to describe die average slow­
down of the pulsar have been obtained. Simple 
theoretical model* make definite prediction* 
about some of these parameters, but the ex­
perimental results are in disagreement with 
Aeie . In addition to the smooth slowdown 
exported, a number of sudden changes in the 
pulsar parameters have been observed indi­
cating bom sudden speedups and slowdowns 
for the pulsar. The idea of " starquakes" has 
been introduced to evplafn these phenomena. 
The measurements also give detailed informa­
tion on die pulse shape and its constancy. 

We should soon have enough data to check 
some predictions of general relativity, in 
particular the effect of the sun's gravitational 
field on clocks as die earth orbits around die 
sun. We should also be able to make strong 
statements about die properties of die so-
called " starquakes" which occur occasionally 
in me pulsar, causing it to change frequency. 

Coder development is a system using 
multi-megapoint Fourier transforms to 
systematically hunt for other optical pulsars. 
This system should be operational this year. 

*J. Nelson, R. Hills, D. Cudaback, and J. 
Wampler. Optical Timing of die Polnar 
NP-0532 in die Crab Nebula. Astrophys. J. 
161. L235 (1970). 
Z P . Horowits et aL , Optteal Time-of-Arrival 
Measurements from die Crab Pulsar: Com­
parison of Results from Four Observatories, 
Astrophys. J. 166, L91 (1971). 
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u~-CAPTUKE NUCLEAR GAMMA RATS 

S. Kaplan, R. P y l e , E . Temple, G. Valby 

A program i s in progress at me 184-in. 
cyclotron to study the nuclear energy- level 
evritarinns produced by p"-capture in c o m ­
plex nuclei. In addition to providing informa­
tion on the nuclear interactian, mis mechanism 
provides a rich source of primary nuclear e x ­
citations of the hole and particle-hole type and 
should aid in the identification of such s ta te s . 
Short-lived l e v e l s are uniquely distinguishable 
because of die Doppler broadening due to the 
motion of the nucleus recoiling after the c a p ­
ture interaction. 

Data reduction of the v -ray spectra frcm 
several nuclei following u" -capture i s p r o ­
ceeding. High-energy Dcppler-broadened 
line* s imilar to those in O are seen in Ca and 
Si. These are the same l ines , or isotonic 
analogs of the l i n e s , observed following photo-
excitation or inelast ic electron scattering in 
the giant-dipole energy region. Single-neu­
tron emiss ion i s the dominant mode of decay; 
however there i s a l so direct evidence for n o -
neotron, proton, and neutron-plus-proton 
emiss ion. Data for natural Al , Co, and Ni 
targets are a l so being studied. 

those for 

K + - w + e V 
K+ - « + . V 

(0.6 million) 
(0.2 million) 
(0.3 million) 
(0.1 mi l l ion) . 

The K -» * »"e v p r o c e s s has been observed 
unambiguously, and v e r y preliminary e s t i ­
mates indicate that a few thousand events are 
contained in the full body of data. It i s e x ­
pected mat the rare mode K + — * e e ~ wil l 
yield about 10 e x a m p l e s , twice the extant 
bubble-chamber data. Large quantities of T 
decays (K -» w * w") are seen and are util ised 
for calibration of the system. Most of the 
recent effort has been on program development, 
particularly on die difficult pattern-recognition 
program which " s cans" our data tapes and 
matches sparks into tracks numerically. A n ­
alyses of some of the T data i s encouraging. 
Also , some 9% of the triggers for K have 
been run through preliminary versions of the 
programs. Muci. Las been learned about 
backgrounds and eff ic iencies . Analysis of the 
K . data i s now proceeding at the University 
of Hawaii, while the K m data wil l be shipped 
to Wisconsin in the near future after consider -
able work on toe L B L computers. 

J S . N. Kaplan, R. V. Pyle , L. E. Temple , 
and G. F Valby, Doppler Broadening of the 
6.32 MeV v-Ray from " N Following | t"-Cap­
ture in " O , in High Energy Physics and N u ­
clear Structure, S. Devons. Ed. (Plenum 
P r e s s , New York, 1970). p- 163. 

B. Cauld, V. Perez-Mender (LBL); R. Cence, 
F . Harris , B. Jones , R. Morgado, M. P e t e r s , 
L. Shiraiski, D. Yount (University of Hawaii); 
D. Clarke, D. Cline, R. Frommer (University 
of Wisconsin) 

Data-taking was completed in June 1970; 
there now ex is t 1.2 million events on tape, 
background included. Trigger topologies are 

NEUTRAL DECAY MODES OF THE K £ 

I. Linscott (LBL); W. P . Oliver (University 
of Washington); C. Rey (University of Notre 
Dame); V. Z. P e t e r s o n , S. Parker, R. J. 
Cence, V. Stenger (University of Hawaii) 

In collaboration with the University of 
Hawaii, we have completed measurement of 
the ratio 

«lr*a 

Kf,-2»° 
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The f irst published result 

| H , | 2 = ( 1 4 . i ± 3 . 4 ) X 1 0 " 6 

has not changed significantly as a resul t of this 
year's application of modified kinematic t e s t s 
and additional calibration data to improve the 
signal-to-background ratio. This work has 
enabled us to reduce die systematic uncer­
tainties contributing over half of the e r r o r 
given above, and to establish an upper l imi t 
on the braching ratio for the decay 
K £ •* » 9 + -y + •y-

Our resul t i s evidence against the "super-
weak interaction" theory which predicts a value 
of 4X10" for | n n | 2 . Anrcng the independent 
efforts at other laboratories to measure this 
ratio, severa l experiments have given resu l t s 
in agreement (within their errors) with" super -
weak." Others have been compatible with 
our value. 

Ten thousand events K? — 3n° a l so r e ­
sulted from this experiment. They have been 
analyzed, v i a the newly developed SASS 
automatic scanning-pattern recognition s y s ­
tem, to provide information on the Dalitz plot. 
Some structure appears to be present. Final 
results wi l l soon be prepared for a Ph . D . 
thes is . 

i . D. Cheng e t a l , , Measurement of the 
Branching Ratio Kl - 2ir°/K? - 3 i r 0 , Phys . 
Rev. Letters 22 , 1210 (1969). 

ELECTROMAGNETIC DELAY LIME READOUT 
FOR PROPORTIONAL WIRE CHAMBERS 
R. Grove, L. Kaufman, V. Perez-Mendez , 
J. Sperinde, K. Lee , B. Leskovar 

We have developed electromagnetic d e ­
lay l ines to read out the position of ionizing 
events in multiwire proportional chambers . 
The delay line i s rectangular in cros s sect ion 
and cons i s t s of a ground conductor of copper 

strips insulated by 0.091 Mylar from the outer 
conductor which i s a helix of insulated copper 
wire. The phase dispersion inherent i n d e ­
lay l ines of this type i s compensated b y the 
use of the floating capacitive path technique. 
We have b u s t de lay l ines of this type with d e ­
lays ranging f r o m 5 to 30 nsec per m m , and 
lengths up to 55 c m . The delay line i s capac-
itively coupled to the wire chamber by c lamp­
ing it on to the wire leads on the outside of the 
chamber. By timing the arrival of the pulse 
at the end of Ihe l ine , i t s position can be d e ­
termined electronical ly to 0.1 nun. Measure ­
ments done on wire chambers with low-energy 

Y sources indicate that the delay line can i n ­
terpolate the current signals from a group of 
wires and record position accuracies of 
±0.15 m m (1 /6 the wire spacing) from the-wire 
plane which co l lec ts the signal induced by the 
positive ions . 

We have switched over to using multiwire 
proportional chambers for imaging x -ray , 
Y-ray, and neutron distributions. This work, 
a collaboration with the University of 
California Medical School in San Franc isco , 
was started previously using wire spark c h a m ­
bers with a magnetoBtrictive readout. S ince 
file proportional chambers do not need tr igger 
signals f rom external scintil lators, and can 
thus record the spatial distributions of l o w -
energy (< 50 KeV) x-ra- distributions a s w e l l , 
we have reoriented thit project to using the 
proportional chambers with the e lectromag­
netic delay line readout. For low-energy x -
ray and Y-ray imaging we have used xenon-
filled chambers; for high-energy y r a y s , "we 
have used argon-isobutane-fUled chambers 
with an external lead multihole collixnator, and 
a lead-plate converter. For use as a positron 
imaging c a m e r a (by detecting the two 0.5i-MeV 

Y rays) , we have used a system of two c h a m ­
bers without col l imators . In our initial work 
on neutron radiography (in which K. Valentine 



-26-

and S. Kaplan are participating), wc are using 
the (n.o) reaction from a boron-coated plate 
to image the thermal and e pi thermal neutron 
distributions. 

We have done furthe r measurements on 
locating the spatial distribution of y rays 
emitted from stopping if" beams in tissue-
simulating plastic. This technique will be 
useful in locating the combined Bragg-" star 
formation" peak of if" beams, which will be 
used in cancer therapy at Los Alamos and 
elsewhere. We are doing a similar experi­
ment on the a-partiele beam from the 184-in. 
cyclotron in order to locate the Bragg peak of 
the a particles. 

We are continuing to investigate and per­
form measurements on the use of cadmium 
sulphate macrocrystalline layers for use in 
solid-state dielectric positron-locating de­
vices. So far the layers that we have tested 
have been unsatisfactory, and we will investi­
gate further compounds. 

np - vd: TEST OF TIME REVERSAL 

S. Wilson, M. Lonco. K. Young (U. Michigan): 
R. Haddock. J. HeUand, B. Schrock (UCLA); 
O. Chang. V. Perez-Mendes (LBL) 

The angular distribution of the reaction 
n + p -• y + d was measured at the 184-in. 
cyclotron at incident neutron energies spanning 
the N (1238) resonance for the purpose of 
comparing this distribution to that of the in­
verse reaction y + d -» n + p. Such a com­
parison is a direct test of time-reversal in-
variance. presumably in the electromagnetic 
interaction. 

All the data were divided into neutron 
energy bins 100-MeV wide, centered at 350, 
450, 550, and 650 MeV. A preliminary com­
parison with the inverse reaction showed good 
agreement for the 350- and 650-MeV bins and 
only a small disagreement for the remaining 

two, which reached a valine of one standard 
deviation for the 550-MeV bin. Jn the final 
analysis, nc evidence for a time-reveral vio­
lation was observed. 

In thic experiment we also measured the 
angular distribution of the reaction n+ p-» n 0+d 
as a test of I-spin invariance in stro-ug inter­
actions. 

1. B. Schrock et al . , An Experimental Test 
of Time-Reversal Invariance in the Reaction 
n + p—y+d, Phys. Rev. Letters 26, 1659 
(1971). 
2. S. Wilson et al . , Isospin Invariance in 
the Reaction n + p - n° +d, Phys. Letters 35B. 
83 (1971). 

p + d S y + sHe: TEST OF TIME REVERSAL 

M. Goitein, A. Stetz, V. Perez-Mendez (LBL): 
C. Heusch (UC3C); R. Klein (Cal-Tech): 
J. Carroll, B. McDonald (William and Mary 
College, Virginia) 

This experiment, widen ran this year at 
the 184-in. cyclotron, was designed to test 
time-reversal in electromagnetic interaction 
in I-spin transitions other than those available 
in the np«? yd experiment. The inverse re­
action was done at the Cal Tech synchrotron 
by Heusch et aL (University of California, 
Santa Cruz). The He direction and energy 
are obtained from a wire-chamber array and 
a 6-in. -thick plastic scintillator in which the 

He particles stop. This counter has been 
calibrated over its entire area in order to de­
termine the energy of the stopping He ions 
from the measured pulse height. Two lead-
glass Cerenkov counters are used to detect the 
position and approximate energy of the photons. 
Each of these counters consists of a 2-in. -
thick lead-glass slab followed by 4 wire cham­
bers, a thin scintillator, and a 20-in. -thick 
lead-glass block. The position of the photon 
is determined by the charged particle fraction 
that traverses the wire chambers. The energy 
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i s determined by measurement of the light 
output of the slab and block combined. Data 
are now being analyzed. 

»°FORM FACTOR EXPERIMENT 
A. Stetz, B. Smith, V. Perez-Mender, 
D. Fredrickson 

In thil experiment we are determining the 
electromagnetic form factor of the *" by a 
measurement of the correlations of the c , e~ 
pairs obtained in the Dal i ts decay of the i t 0 : 
n° -• e + e" + v- Since completion of the c y ­
clotron run in November 1969, we have been 
working on the event reconstruction and m o ­
mentum analysis software. We expect a 
0.2% momentum resolution from our spec ­
trometer data and expect to extract 10 wide-
angle events--which contribute to the form-
factor determination--from our log of 10 
triggers. 
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and J. Sperinde. Electromagnetic Delay Line 
Readout for Proportional Wire Chambers, 
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EXPERIMENTAL PHYSICS 

Kdvird J. Lofgrcn in chirfe 

The group ia involved principally in high-
energy particle phyaica reaearch using count­
er and spark-chamber techniques. Most ex-
periments have been performed at the Bsv-
atron; however, some work has been dona in 
the past using the 184-in. cyclotron, and in the 
future we expect alao to make use of NA.L. 

Our phyaica interest ranges from strong 
interaction*—concerning nucleon-nucleon 
croaa sections and diboaon production—to 
measurements of branching ratios for K-meson 
decay modes as testa of weak-interactioc hypo-
theses. Each experiment undertaken by the 
group involves one or more graduate students 
and forms the basis for a thesis project. 

Croup activitiaa also involn instrumen­
tation development in electronics, optical and 
wire spark chambers, spark gaps, Cerenkov 
counters, and on-line computer facilities as 
needed for the experimental program. Than 
are current projects on Bevatron development 
and the improvement of its experimental facil­
ities. 

Researchers taking part in this work are; 
Alan R. Clark. R. CUve rtald, Henry J. 
Fristh, William R. Holley, Holland P. John­
son. Leroy T. Kerch. John F. McRcynolds, 
Richard P. Sah, Gilbert Shen, W. A. WenacL 
and Arthur H. Zingber--LBL; Brace Cork— 
Argons? National Laboratory; Tom Elioff—on 
leave from I.BL to USAEC. Washington, D. C« 
T. N. Hingsswamy--Tata Institute of Funda­
mental Research, Colaba, Bombay. India; and 
David Newton—Univereity of Lancaster, 
England. 

DIBOSON PRODUCTION 

An optical spark chamber-counter exper­
iment waa performed at the Bavatron to study 
detalU of the «-«interaction exhibited ia the 
reaction »"p-»w w"n at ineidant pion momenta 
of 3. 4, 4.5. and 5 OeV/e. Our data consist 
of 1.6X 10 s events satisfying the above typo-
thesis with low 4-momenhun transfer to the 
nudeon. This sample is the largsst collected 
so far in • stag]* experiment and to compara­
ble to the compiUtiotts of all bubble-chamber 
data en this reaction. 

The dominant feature of the dipisa mass 
spectrum to the n-tneson. la addition, we see 
evidence for the dasaf •* -» * w* for t-vahwa 
somewhat above tha kinematic lower limit. At 
our higher incident momenta, there ia also 
evidence for aa orJianca meat at a mass of * 
9S6 l*tV. with a width of - SO Ms V. Aaalyeia 
ofths date ia continuing, with oar recast of-
farts directed toward! improvements iatbe geo­
metrical effl'teocy calculations. Wo also haw* 
data on the reaction *"p -» K*K"nj these data 
wiU ha analysed after completion of tha saptea 
analysis. 

(K*- e + ») / (K + - a**) BSANCHltQ RATK> 

The bvatroa experimOBtal rua was com­
pleted ia June 19tt. About 2M000 ptategrapfcs 
were taken, 90% with tha sjsUysUg mafsat sot 
for K*-»o*». Analysis ot° the data has been 
completed, yielding 1*0*19 evesss after a 
background •aatractto*. This to ta be com­
pared win the pre vlous world's total of i 7 ^ 
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47.5. Wa have obteinad tba result 

qK-a»l 
flK-JvJ - 2.42*0.36X10* 

which ia in agreement with the V-A prediction 
(ioclndlnf radiation correction!) ot 2.22x10* . 

LIMITS ON K j - H*K*. **e*. a V 

Wa haw used a double-arm apark-chambar 
aptetrometer to March for the decays K?-»p p", 
a a", or e*u*. Tba apaetromaiar ha* invari­
ant maaa reaotntion of batter than 1/3%. 

Eigbty-Bve pareant of tha data was aeeu-
nnlatad with tht kaone decaying in vacuum. 
K» Candida tea for any of tba dileptOAlc decay 
modat were detected. Tha 90% C. L. limit 
from these date ia 

L * l.tZXIO* 

for each of tba above mode*. Tbaaa UmiU 
represent redacting* from the previous Umlta 
by fectara of M. 9S. and 2300, respectively, 
for tba pp. ee, and op modea. 

Tba remaining i S% of tha data wa* accu­
mulated with tba kaon* decaying in helium. A 
aigeUUant background due to neutron ister-
actioa* with tba helium wa* praaaot for tba de­
cay* itf-* p p*. Candidate* for At decay 
Kj_-» » V vara datected with probabUitiae aa-
timated at 69*. 29%. 3* . 0.02%.<0.0t%. nod 
< 0.001%. AU but the 6S%-probsble event and 
possibly the 2S%-arobable event are clearly 
neutron-induced background. These twoavanta 
are compatible with either ifet neutron-back-
ground hypotbtala or tha K?-» u u" hypotheaia. 
If tbtae event* war* to b* regarded a* back­
ground and tha helium data rejected, the 90% 
C. L. limit on K? — u p * resulting from thia 
experiment ia that quoted above for the vacuum 
data. If one regard* the helium data aa valid 
and th* 6S%-probable event aa a r£ — u u" de­
cay, tha resulting branching ratio ia 

H K » - u + p ) , 0 

— i • 6.8X10* 1 0 

H K ^ - aU) 

with a statistical error baaed on one event. 
Either of these two numbsra is in drastic 

conflict with Or expected electromagnetically 
induced let"* P P* rate. Both numbers are 
also in conflict with tha lower "unitarity" limit 
of 6x 10"' calculated from tba known r^-> yy 
rate. Becauae of the general nature of thia 
uniiarity limit, thle result (a quite unexpected. 

The 90% C. L. limit from the combined 
vacuum and helium data on each of tht three 
mode* K * L - * V . e*p*. and e"p* la 1.6X10* 9 . 
For theaa modea there ia no conflict with the­
oretical prediction*. 

1. C. Quigg and J. D. Jackson, Decay* of 
Ntutral Pacudoscalar Meson* Into Lepton 
Pairs, Lawrence Radiation Laboratory Report 
tJCRL-laW*. fcpt. 196S. 

STUDIES OF K^ - » * * DECAYS 

irt —»f» event* which were accumulated 
during tht K^ - 1 I search are now being 
analysed. A preliminary study haa Indicated 
that muon neutrino mnaa limit* will be poaaihle 
that are lower by a factor of tares or more 
than tboa* presently achieved. 

Other K^ - • * * date, which were taken 
with the neutral-current* apparatus but with 
different spark-chamber trigger criteria, have 
yielded useful information. A search for a re­
ported »*u* resonance near 42? MeV/e was 
made. Better resolution and a data sample 
over 150 times aa Urge as that of the exper­
iment reporting the resonance gave strong 
evidence that tha resonance did not exist. 

Dalits-plot analyses of the above data 
•ample are now being made for the K*̂ -» »I» 
events. Studies involving the tensor compo­
nent, the vector form factora (q^ and V, and 
radiative correction* are under way. Useful 
information on each of these seeme very likely. 
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SEARCH FOR LONC-UVED NEUTRALS 

Ponible evidence for the existence of 
long-lived neutral particlea which decay into 
electron-poiitror. pairs was reported recently 
at Cambridge. We have conducted a search 
for these particles in a neutral-particle beam 
originating from a copper target placed in an 
external proton beam of the Bavatron. If such 
particles were produced and if their lifetimes 
were long enough (10 to 10 sec) for such 
particles to reach the decay volume, then the 
electron-positron pairs arising from their de­
cays would be detected by the double spectrom­
eter! which was constructed for the search for 
neutral Isotonic currents. 

Data taken for approximately one hundred 
hours at the end of July 1970 have been an­
alysed, and no mass peak indicating the exis­
tence of such neutral particles was observed. 
Upper limits on the differential production 
cross section for such particles have been de­
termined for each of three assumed lifetimes. 
Production cross sections are less than 10" 
em /MeV • Sr in the invariant-mass range 30 
to 50 MeV/c 2 and for an assumed lifetime of 
10" 8 sec. 

1. R. E. Ansorfe. * • R. Atherton, W. W. 
Ntale, J. G. Rushbrooke, and G. 8. B. Street, 
Anomalies in Electromagnetic Processes. 
Cavendish Laboratory, Cambridge. England. 
1970 (unpublished). 

K*(i3 AND K'e3 CHARGE ASYMMETRY 

Data are being taken to measure the 
charge asymmetries of the dewy modes 
Kj^—we*. The doable spectrometer, which 
was constructed for Ja search for neutral 
Isotonic currents, i s being used. Modifica­
tions were made to the trigger system during 
the flrst few days of April 1971. and data-
taking began immediately afterward. 

Th£ new trigger system requires the pion 

to penetrate only one scintillator on one side 
of the npparatus, and the lepton to count on the 
other side in t je scintillator and also in either 
the range detector or the Cerenkov counter. 
The low-mass spark chamber system is used 
to analyze each event completely. 

As estimated 6 million Ku3 events and 
Ke3 events have been recorded. 

K°u3 POLARIZATION MEASUREMENT 

This experiment will examine the vari­
ation of the moon polarisation direction in 
K* u3 decays as a function of the kinematic 
configuration of the decay. It is intended to 
measure the variation of the real and imag­
inary parts of the form factor, on which the 
polarisation is principally dependent, and 
possibly by this means illuminate the source 
of discrepancy in previous measurements of 

The modifications to the equipment used 
previously for the K^ •» u, u~ experiment con­
tinued through June. The principal effort has 
been the design of a large volume moon polar-
imeter consisting of «in alumingm-scintlllator 
sandwich in a magnetic field. The polarimeter 
will have a useful volume of 48X4SX 56 i s . and 
will use a " 100 G magnetic field uniform to ** 
0.1 G. It will examine about 60% of the spec­
trum of the muons. The electronic recording 
equipment associated with the polarimeter is 
completed and will be ready and tcrtad before 
the polsrimeter is assembled. 

We expect to complete the setup and begin 
taking data during September 1971. 

PUBLICATIONS AND PAPERS 

1. A. R. Clark, T. Elioff, R. C. Field, 
H. J. Frisco, R. P. Johnson, L. T. Kerth. 
endW. A. Wensel. Exj^;-{mental Limit on the 
Branching Ratio for Kt - £1, Lawrence Radi-
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Bull. Am. Pays. Soc. .15, 1633 (1970). 

6. D. E. Coyle, R. C. Field, J. T. Conn, 
and J. T. Tanabe, A Large Lightweight 
Mirror for Use in Cerenkov Counters, Law­
rence Radiation Laboratory Report UGRL-
20672, Apr. 1971, submitted to Noel. Instr. 
Methods. 

7. H. J. Frisch, Stringent Limits on the De­
cays Ki -» |i u~, e e*. | i e ? (Ph.D. Thesis), 
Lawrence Radiation Laboratory Report UCRL-
20264, Mar. 1971. 

8. John F. McReynolds. The Branching Ratio 
K - ev/K - |tv: A Teat of the V-A Theory ol 
Weak Interactions (Ph. D. Thesis). Lawrence 
Radiation Report UCRL-20031. Sept. 1970. 

9. J. F. McReynolds. D. Newton, and W. A. 
Wenzel, A 2* Steradian Magnetic Spectrom­
eter, Lawrence Radiation Laboratory Report 
UCRL-20679. Apr. 1971, submitted to Nuel. 
Instr. Methods. 
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EXPERIMENTAL PHYSICS 

Wilson M. Powell and Robert W. Birge in charge 

The Powell-Birge groop worka In the 
field of high-energy particle physics ualng hy­
drogen bubble chambers. The main emphasis 
haa been the detailed study of interaction mecfc-
aniama both In the low-energy (1 to 2 BeV) res ­
onance region and tee intermediate-energy (2 
to 4 BeV) peripheral region. 

The low-energy region ia expected to be 
dominated by a-ehannel resonances; ia partic­
ular, the A(1950) ia contained in this energy 
range and a study of the energy dependence of 
the various final atatea should give informa­
tion about the inelastic partial widths of this 
resonance. At the higher energies, resonance 
production is thought to be dominated by the 
exchange of Regge-poles; we are testing mass 
ideas in * p interactions. In support of these 
activities, automatic scanning and measuring 
machines and associated computer programs 
are used to analyse several hundred thrmsanri 
events each year. 

K~p INTERACTIONS: 0.85 TO 1.70 GeV/c 

R. W. Birge. R. *>. Ely. G. E. Kahsaa. D. 
F. Kane, and A. J. Van Mara 

We have obtained data for the reactions 
K"p-I*wT{n*). K*p-A«V andK"p-TPn tar 
laboratory momenta between 0.82 and 1.70 
GeV/c: angular distributions, polartasttona. 
and Legendre coefficients for the two-body 
final atates; Dalit* plota and invariant mass 
squared plota for £*****; and croaa sections 
for all these reactions. We haw also per­
formed partial-wave analyses baaed oaths St­
and A* final atatea: preliminary results ware 

reported at the XVth International Coafureaet, 
on High Energy Physics at Kiev. '• * 

The snalysis of the X*»* Baal atstea haa 
been completed. ' We confirm 1 
of resonant structures in the F15 aad D1S 
wave*. The masaea, widths, and resonant 
amplitudes wera detaiiuinBe!; 
E R > 1.925*0.00* OeV, t • - 0.137*0.015. 
aad r » 0.146*0.022 OeV Car the F « ; 
£„_ • 1.985*0.005 OaV. t • - 0493*0.00*, 
r « 3.208*0.022 GeVSar the IMS. Wei 
the OS and F5 aetata. F7 decuplat. and O? 
singlet far SUj symmetry of reduced r naaTIng 
constants; possible coachuioas are Boated by 
uncartaiaty about the detailed energy deasa-
deacs of the couplings. Thai 
been submitted to Physical Review, 
the eaperisneatal data. 

The analyaya of fee Aw final state la ant 
yet complete. However, tea data from, 1 
the As* aad K*r* Baal etetee will ha i 
for pahHoMon shortly. 

1. 9 
G . E . 

P. Ely, Jr. R. W. Birge. J. 
" VaaHara. 

Stody of £ » Ztt915) Resssance la the Reacttoa 
K'p^Asr. Lawrence Psdtattaa Laboratory 
Report TJCRL.197t9. Aag. 1970. 
2. D. Kane, R. V . Birge. R. P. Ely. Jr . . 
J. Haven, G, X. Kalmas. aad A. VaaHara, 
a * a - s M Between 1730 aad 2150 MsV. l t » 
zeaea RarHatloa laboratory Report QCRX-
19790. Aag. 1970. 
3. Daatel F.Jtaaa. J r . . A Study of ma Reac­
tions K V r i V l Bstewa 1.1 aad t . ? 0 » y c 
(Ph.O. Thesis), tawtaaoa lenlaHna l a h e m -
tory Report TJCRL-20«A?. Apr. l f l i . 
4. Daniel F . Kane. J r . , AStady «f the Reac­
tions K~p -«*»*(•" , Bstwaaa 0 4 5 and 1.15 
OaV/e. Lawre 
TJCRL-20676. Apr. 1971. 
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w*p INTERACTIONS: 2.1 TO £.7 OaV/c 

George Gidal. Donald Gretber. Winston Ko. 
and William Michael 

la a continuing study of exchange mech-
asitmt producing quasi-two-body final state*. 
we have completed the following projects: 

a o-» e o 

A datailad analysis was made of the re­
action w p -• p p at 2.67 GeV/c using a sample 
of 8300 events in the final state «*p»*. To­
gether with published: data at 2.77 Ge^fc for the 
reactions «"p -» o"p and w*p — e-'n, wa have 
used this analysts to isolate the I * 0. w* ex­
change contribution to these reactions. This 
amplitude ia found to have a dip at 
t * -0.40*0.05 characteristic of the nonsense 
wrong signature aero of the u* Regge trajec­
tory. 

We have msasuredr the total and differen­
tial cross sections and the A decay angular 
distributions (or the reaction »*p- «j*A** a* 
incident momenta between t.3 and 2.7 GeV/e. 
The 95000 four-prong events used war* mea­
sured on the XSO and COBWEB systems. The 
data above 2 GeY/c. when combined with some 
existing data, give evidence for a dip in the t 
distribution near t » -1 .5 (C*V/e) 2. This dip. 
and other features of the data, are adequately 
described by the A , Regge pole model of Kram-
near and Manr. The effective A, trajectory 
was calculated and found to disagree with that 
obtained from the reaction »"p-» «*n. 

A detailed Regge amplitude fit has bran 
completed for the w*p — n'A** using date be­
tween 2.3 and 8 GeV/c. This reaction la pur* 
Ag exchange; and the bast-fit trajectory func­
tion ia found to be oft) » 0.53+ t.Ott. providiai 
confirming evidence for n-A, exchange degen­

eracy. A partial-wam analysis of these am­
plitudes is in excellent agreement with our 
data for this reaction down to threshold, indi­
cating the absence of important a-channel con­
tributions. 

+ e.++ w p—*>A 

Measurements have been completed on 
the total and differential cross sections, and 

+• • 
& and u* decay angular distributions for the 
reaction * p-» *» A ' at incident momenta 2.3 
and 2.67 GeV/e. A separation of the unnatural 
parity contribution (B exchange) is performed, 
showing a dip structure nefar t » -0.2. The 
effective 3 trajectory from all available data 
is « B • 10.15*0.12) • (0.62*0.23) ia agree­
ment with the hypothesis that the dip i* the 
nonsense wrorg signature point of this tra­
jectory. Alterative hypotheses have bean 
proposed, but the currant world data are un­
able to discriminate among them. 

B Meson 
A spin-parity analysis of the B meson 

produced in e'p reactions has been performed 
in collaboration with groups from Torino. 
rBjmegan and Boon. The most satisfactory 
assignment ia t i n agreement with previous 
measurements. The ratio IDI/1SI »0.4*0.2. 

1. W. Michael. G. Gtdal. D. Grether. The 
Reaction a p — a > at 2.67 GeT/c. presean 

, at the t i l l HenuslMeettsaeftheOivUionof 
Particles and FteMs. Rochester. N. T. . Aug. 
30-Stpt. I . « 7 l ; Lawrence Berkeley Labora­
tory Report LBL-32. Aug. m i . " ~ * - - - - - - l t a m t H a a 

-PohtEx-
__ilW«. 

3. W. Ko. f^riagn ProductiooTnvp Interac­
tions at 2.67 and 2.30 B*V/c (Thesis. Univ. 
ofPeaasylvaria. t » 7 « . 
4. A. Werbreuch e t u i . . Spin-Parity Analysis 
of the B-Mesoa Pr educed la I ' I P — " 
Lett. Noovo dan. 4. « 6 7 (t*70) 

tory nepnrt L B L - M . Mag. « T H . 
2 . D. P. Crathar and G. Gidal. Rem 
* p - V o " : A Teat of A , Regge-Pol 
change. Pbys. Rav. totter* 2*. 7J21 



-35. 

r + p INTERACTIONS: 1.1 TO 2.0 GeV/c 

George Kaimtu. Philip Hanson, William 
Michael 

Additional 2-prong data of • p at 1.15. 
iJQ. 1.62. and 1.95 are in the process of 
being seamed and measured using the DAPR 
automatic scanning-measuring system. 

Analysis of the * p»* channel has been 
carried out at six rosmenU below 2 GeV/c, in 
collaboration with a group at U. C. Riverside. 

The production angulsr distribution for 
« p-»A "« has been determined and gives 
evidence that s-channel resonances are 
strongly coupled to A* in this energy region. 
At the same time it i s observed Oat dips at 
t «• -0.5 and t » t— . characteristic of » ex­
change with dominant hsiieity-flip coupling. 
are present at all momenta, providing a test 
of duality. 

Total and differential cross-section data 
have been presented for »*p elastic scattering 
at ejgot incident v 4 momenta: 1.28, 1.34. 1.40, 
1.43. 1.SS. 1.68. 1.77. and 1.84 GeV/c. * 
These data were obtained from a hydrogen bub­
ble chamber exposure at the 8vvatron and con­
tain more than 65 000 events. This represents 
more than one and one-half times the world's 
data hitherto available in this energy region. 

{. O. E. Kabnus. V . MtchaejL R. W. Krge. 
S. T. Fung, and A. Kenan. * p Elastic Scat­
tering Data Between 1120 and 2090 cm Energy. 
Lawrence Radiation Laboratory Report UCRL-
1*77$. July SOTO. 

DIFFRACTION SUSASSOCIATION OF PROTONS 

Robert P. Ely. Donald Grether. and William 
Michael 

la cotlaboratiaa with the California Insti­
tute of Technology we have performed a hybrid 
bubble chamber-spark chamber experiment at 
SLAC to obtain an enriched sample of events 

to study the diffraction disassociation of the 
proton. The SLAC 40-in. hydrogen bubble 
chamber was exposed to a beam of 14-GeV ** 
mesons and triggered by a spark-chamber spec­
trometer which immediately fallowed the bub­
ble chamber. 

Outgoing negative tracks were analyzed by 
the spark chambers and a Sigma-2 computer 
with 1/2% momentum resolution, and pictures 
were taken of e. ..-nts with 0.07 GeV< (PggAj* 
• P O U T ) < * CeV. (One has 3 milliseconds be­
tween the passage of the beam and the flashing 
of the bubble-chamber lights to make this deci­
sion.) 

We took 300000 pictures in April and May 
and will take 200000 more in July. Initial steps 
have been taken to measure one-half of this 
film on the Berkeley FSD using the DAPR auto­
matic scanning mode. The remainder will be 
measured by a POLLY device under construc­
tion at C I . T. la the meantime, preliminary 
investigations are being pursued with the COB­
WEB system. 

CLOUD-CHAMBER QUARK QUEST • 

Wilson M. Powell 

More thsa 100000 cosmic-ray tracks 
from extensive air showers were scanned in 
pictures of cloud chambers after the manner 
of McCusker. in addition, positive- and 
orfstive-iem columns were separated by an 
electric field, and individual dropkts were 
counted: histograms of numbers of tracks ver­
sus droplet density are shown. Artificially 
produced low-drophtt-coust tracks have been 
used to measure the scanning efficiency for 
ouarkBke tracks. To date.the upper limit for 
the ^e quark flux i s 3x10*'* em* 8 sec*'sr" 4 . 
and the limit for 4 « particles is l x 10~*°cm 
s e e - ' s r * . 



Experimental Phys ic s (Birge) 
7 - 3 6 -

DATA REDUCTION 

C. Sca les and D. Crocker 

With an average of 13 (full-time eqaivalent) visua jsasureroint personnel, 
the following data redaction was accomplished daring fiscal year 1970-1971. 

SCANNING 

Beam 
Number of frames 

Experiment Beam COBWEB s y s t e m 

312182 

FSD system 

45-47 . 5B* 1.25- to 1.85-GeV/c w + 

COBWEB s y s t e m 

312182 127874 
50-52* 1.1- to 1 .6-GeV/c K" 321587 . . . 
53-55. 59* 2 .3- to 2 .7 -GeV/c » + 1784184 136533 
60-64* 1.2- to 2 .1 -GeV/c * + . . . 568701 
66** 
67-68*** 

5.5 GeV/c D 2 

14 CeV/c »" 
1724 

20265 75 

Subtotal 2439 942 

Total 

851183 Subtotal 2439 942 

Total 3 291125 

25- inch hydrogen bubble chamber 
82- incb hydrogen bubble chamber 
40- inch hydrogen bubble chamber 

MEASURING 

Measuring 
hours 

2718 COBWEB sys tem 
FSD s y s t e m 
(Six SPSB-type image plane digi t izers) 

HAZE mode 0 
DAFIt mode 1533 

Number of 
events 

55 969 

0 
139913 

Events per 
measuring 

hour 

21.0 

0 
91.3 
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•yd INTERACTIONS AT 5.5 GeV/c 

R. W. Birge, G. Gidal, and D. Kane 

In a collaboration with the University of 
California at Rivers ide , we have taken 260000 
pictures of the 82- inch deuterium bubble cham­
ber exposed to the 5.5 GeV/c polarized, l a s e r -
induced, photon beam at SLAC. This repre ­
sents approximately half the approved exposure. 
Scanning i s almost complete, and measure­
ments have been started on the COBWEB s y s ­
tem. All interactions producing strongly inter­
acting particles wi l l be systematically studied. 

PUBLICATIONS AND PAPERS 

1. A. F . Clark, R. D . Ernst, H. F . Finn, 
G. G. Griffin, N. E . Hansen, D. E. Smith, 
and W. M. Powel l , Cloud-Chamber Quark 
Quest: Negative Resul ts , Phys. Rev. Letters 
27, 51 (1971). 

2 . R. P . Ely, J r . , R. W. Birge, J. Hoven, 
G. E . Kalmus, D . Kane, and A. Van Horn, 
Study of the £(1915) Resonance in the Reaction 
K~p-»Aw°, presented at XVthlnt. Conf. on 
High-Energy P h y s i c s , Kiev, August 26-Sept. 
4 , 1970; Lawrence Radiation Laboratory R e ­
port CCRL-19789. Aug. 1970. 

3. D. F . Grether and G. Gidal, Reaction 
ir p -» ti° A : A T e s t of Regge-Pole Exchange, 
Phys. Rev. Letters 26, 792 (1971). 

4 . P . Hanson, G. E . Kalmus, and J. Lome, 
Strange-Particle Production From * p Inter­
actions in the c. m . Energy Range 1820-2090 
MeV, presented at XVth Int. Conf. on High-
Energy Phys ics , Kiev, August 26-Sept. 4 , 
1970; Lawrence Radiation Laboratory Report 
UCRL-19776, July 1970; to be published in 
Phys. Rev. D. 

5. G. E . Kalmus. G. Borreani, and J. Louie, 
New Data in the Reaction * p—E K at 1.28 
and 1.41 GeV/c and a Tes t of Charge Indepen­

dence in the c. m . Energy Range 1.820 to 2.090 
GeV, presented at XVth Int. Conf. on High-
Energy Phys ics , Kiev, Aug. 26-Sept. 4 , 1970; 
Lawrence Radiation Laboratory Report UCRL-
19777, Aug. 1970; to be published in P h y s . 
Rev. D. 

6. G. E . Kalmus, W. Michael, R. W. Birge, 
S. T. Fung, and A . Kernan, * p Elast ic Scat­
tering Data Between 1820 and 2090 MeV c m . 
Energy, presented at XVth Int. Conf. on High-
Energy Phys ics , Kiev, Aug. 26-Sept. 4 , 1970; 
Lawrence Radiation Laboratory Report UCRL-
19775, July 1970; to be published in Phys. 
Rev. 

7. G. E . Kalmus, G. Borreani, and J. Louie, 
Study of the Reaction s + p - » S + K + Between 1850 
and 2090 MeV c. m . Energy, Phya. Rev. D2 . 
1824 (1970). 

8. D. Kane, R. W. Birge , R. P . Ely, J r . . 
J. Hoven, G. E . Kalmus, and A. Van Horn, 
K"p - •E*** Between 1730 and 2150 MeV. p r e ­
sented at XVth Int. Conf. on High-Energy 
Phys ics , Kiev, Aug. 26-Sept. 4 , 1970; Law­
rence Radiation Laboratory Report OCRL-
19790, Aug. 1970. 

9. Daniel F . Kane, J r . , A . Study of the R e a c ­
tions K~p •»E*«*{»°) Between 0.85 and 1 3 
GeV/c , Lawrence Radiation Laboratory Report 
UCRL-20676, Apr. 1971. 

10. Daniel F . Kane, J r . , A Study of the R e ­
actions K~p-»S***(w') Between 1.1 and 1.7 
GeV/c (Ph. D. Thes i s ) , Lawrence Radiation 
Laboratory Report UCRL-20682, Apr. 1971. 

11. Winston Tai-Kan Ko, Omega Production 
in » + p Interactions at 2.67 and 2.30 BeV/c 
(Thesis , University o f Pennsylvania, 1971). 

12. A. Werbrouck e t a l . , Spin-Parity Analys is 
of the 3 -Meson Produced i n * p Reactions. Lett . 
NuovoCim. _4_. 1267(1970) . 
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EXPERIMENTAL PHYSICS , GROUP R 

Kenneih M. Crowe in charge 

RADIATIVE CAPTURE EXPERIMENTS 

James A. BUtirlich and Kenneth M- Crowe 
(LBL);Jerome A. Helland (Los Alamos 
Scientific Laboratory); Peter Truoel (Physik-
Institute der UniversitSt, Zurich) 

Our major effort on the 184-in. cyclotron 
i s a study of radiative pion capture in light 
nuclei . During previous y e a r s , preliminary 
work on the * capture gamma-ray spectra 
was done for a ser ies of nuclei: He, C, 
1 6 0 . M M g , and 4 0 C a . The technique con­
s i s t e d of using a large pair spectrometer with 
optical spark chambers. By manual scanning 
of file events from fi lm, we wer» ab3e to 

3 4 
accumulate 10 to 10 events per element 
with a resolution of 2 MeV at 130 MeV. For 
the first t ime, we were able to show that the 
spectrum has fine structure, which i s caused 
by the final-state interaction in the remaining 
nuclei . The results for hel ium and carbon 

1 2 have already been published; ' those for 
oxygen, magnesium and calc ium have been 
submitted for publication. I h e s e results are 
summarized by the abstracts of the papers 
a s fol lows. 

Hel ium-4 Spectrum 

The spectrum of high-energy gamma 
ray* following the absorption of negative 
p ins* in He ha* been investigated. The ob­
served shape of the spectrum and the mea­
sured total capture rate 1 (0.704*0.066) 
X 1 0 1 6 s e e " 4 ! * B « * •»ell with theoretical 
predict ions, assuming that the pious proceed 
through excitation of s tates in with 
f s 2 ' at 3 .4Uidi . f = i~ at 5-i MeV, and 

J = l " at 7.4 MeV relative to the H+n 
threshold, and taking an operator 
- T ffe for the calculation of the nuclear-
matrix elements. 

Carbon-12 Spectrum 

The spectrum of high-energy gamma rays 
12 following the capture of negative pions in C 

was measured with high resolution. The ob­
served structure in the giant-resonance 
region i s the first direct experimental proof 
of the influence of collective excitations in 
radiative pion capture. This supports recent 
theories concerning the analogy between this 
p r o c e s s and muon capture. 

Spectra for *He. 1 2 C . 1 6 Q . 2 4 M g . and 4 0 C a 

The photon spectra following capture of 
stopped pions in 4 H e , 1 2 C , 1 6 0 , Z 4 M g , and 
40 

Ca have been measured for photon energies 
between 50 and 160 MeV. A pair spectrometer 
w a s used and resolution of 2.0 MeV FWHM was 
achieved. On the bas i s of s e v e r a l thousand 
events for each spectrum, we observe co l lec­
t ive excitation in the residual nucleus for cap­
ture on Tie , C, and O. Such excitation 
i s predicted theoretically, and i n some cases 
detai led comparison with the data i s good. 
F o r Mg and Ca no significant structure i s 
s een . In addition, the transit ion rates to 

16 1Z 
partic le-stable states in O and C have 
been measured. A continuum background con­
s i s tent with a direct reaction mechanism i s 
a l s o observed for all the e l ements studied e x ­
cept for He. 
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The*e reiults were sufficient to indicate 
that Hie pion-captmre radiation can be tued a* 
a probe for Hie study of collective mode*, 
i. e . , Hie giant-resonance state* in carbon 
and oxygen, a* well a* to provide a way for 
investigating nuclear excited atate*. Since 
the visual (canning of the events was not 
adapted for extension to more detailed spectra. 
we have developed a digitized-electronic-
readout wire chamber to replace the optical 
chambers. At the same time, a neutron-
counter array was added to provide an 
observation of the angular correlation and 
energy distribution for the neutrons produced 
in coincidence with the g»™™» ray in each 
part of me spectrum* 

This apparatus, which was instilled in 
November 1970. baa been calibrated using 
events from liquid hydrogen. We plan to 
measure the deuterium spectrum to improve 
the n-n scattering length. HeUum-3 will be 
used to cheek: the rrrlted states of (be three 
nuclcon system n-n-p, which should show up 
the three nucleoli state reported by Sperinde 
et aL from the study of »" *He -» « +Jn reac­
tion. A direct exploratios of the three-neu­
tron state can be made using «" os tritium. 
This experiment baa bees considered, and a 
proposal to carry eat she experiment at Los 

Pertfcer catrnslow* of these studies en 
*Li icadiag to "He* and a farther systematic 
SIISJJI at lljht —rlf I i s nlnnard la Iki near 
future at the iM-fn. cyclctro*. 

i. J. A. iMstirlieb, K. V. Crowe, 
A, £• t» Parsons, P, fluurefc and P. Travel, 
Sadfaifev Pten Capture te « C , Phys, Rev, 
fitter* 2&cv9 09W. 
& J, ATWstfrlich, K. M. Cre*e, 
As. ft. )U Par****, P, zfcanfc sad P, Tiaveel, 
ffadinrtvie PienCaeterc te'w, P*y*v So*. 
Letter* 2$, 9i*{(*970*-

<**• * t«a/'Se#rey Wfswsasjfr fee the Three' 
Jto*r*w«tr#teso, Pfer*, letter* 2££. 

MUON DEPOLARIZATION STUDIES 

Jesse H. Brewer, Kenneth M- Crowe, and 
Richard Johnson (LBL); Alexander Schench 
and Robert Williams (U. Washington) 

We have continued our study of the de­
polarization of positive moons in condensed 
media, using the apparatus designed pre­
viously for the measurement of the rouoo 
magnetic moment. Soma of the subjects ac­
cessible to study by moon depolarization 
techniques are crystal structure, spin re­
laxation by paramagnetic ions, semiconduc­
tors, mnonlnm chemistry, moonjum "hot" 
chemistry, and free radicals containing mu-

By observing the time dependence of the 
polarization of positive) nmonr stopped in 
various madia, one can use muons to probe 
internal magnrrlr fields, much as the proton 
is used in MaOL We found mat when polarised 
moons were stopped in a single crystal of 
gypsum (CaSQa - ZH^O) in a transverse mag­
netic field, the rouon precession signal dis­
played "beats", and a microsecond-scale re­
laxation of the polarization occurred; these 
effects were strongly dependent upon the 
orientation of the crystal to the external Said. 1 

These results can be enpJaiurd by the assump­
tion that the muou wrrapifd a normal proton 
site and experfeaced local fields due to the di-
poU-eYpole interaction wffls adjacent protons. 

H K S sate relaxation times in various 
solution* of ferric and msnganr»r ions were 
studied at concentrations higher than these 
stadbdbyMMJL Pependcace of the relaxation 
times on temperatevc and ..onttn.ri.lou devi­
ated from die behavior predicted by estrap-

Thr *fp*m* Wttel iwignftwlr anddireg-
tjwnofjtea^rtiwwonofmaawjstopprdin 
tt&alimsfttB depends steswgly upon the con-
ceatrattenefefrMired Feasants, due to the 
nearty iastwtraarnus effect of me "muowjew. 

http://onttn.ri.lou
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mecbanls m." By studying this effect, wa have 
unequivocally verified the theory formalised 
by Ivanter and Smilgs, and in the preeeat 
learned much about the chemistry of mu-
onium. Figure 1 shows the dependence on 
concentration of the polarisation and phase 
precession of stopped muons. Chemical 
reaction rates extracted by tbis method have 
turned oat (in the case of ferric salts dis­
solved in water) to be as much as 60 times 
as high as those predicted on the basis of 
chemical measurements of analogous hydrogen-

I t coflcert/olion (notes/liters) 

Fig. i . Dependence on concentration of the 
polarization and phase precession of stopped 
muons. In the upper carve the double inflec­
tion arises naturally from the theory. The 
first inflection is related to the muon pre-
eessios frequency in the 100-gauss extetael 
field; the second inflection corresponds to the 
muon precession in the 1500-gsnss muonium 
hyperfine field due to the electron in muonium. 
The is«=Br curve shows the phase precession 
that occur* when the lifetime it comparable to 
the period of the precession. This verifies 
the time scale requiring thermaUsed muonium. 

PCBL.716-4147) 

atom reaction*. When benxene is used as a 
solvent, there is evidence that a radical an­
alogous to cyclehexadlenyl is formed. With 
the theory of the muonium mechanism ex­
tended to include radicals, we can study the 
subsequent chemical reactions of the radical. 

As can be seen, a great deal of unexpec­
ted information has bean derived from muon 
depolarixatlon studies: and we expect that 
as our work continues further applications 
will be found. 

t. K. M, Crowe and A. Schencfc, •Slow' 
Muon depolarization in a Single Crystal of 
Gypsum (CaSOj • ZH.O), Phys. Rev. Letters 
t£T57 ttWI). * * 
TT A. Scbenck, D. L. Williams, J. H. 
Brewer, K. M. Crowe, and R. F. Johnson, 
Decay of the Coherent Spin Precession of 
Polarised Positive Muons in Paramagnetic 
MnClj Solutions, submitted tt> Phys. Rev. 
Letters. 
S. J. H. Brewer, K. M, Crowe, R. F. 
Johnson, A, Schsnck, and B. W. Williams, 
'Fast* Dopolarlsation of Positive Muons in 
Solutions--the Chemistry of Atomic Muonium, 
Phys. Rev. Letters 2$. 297 (t97i). 

S-WAVE •-» SCATTERING LENGTH 

T. Maung. G. Mosek, E. MUler, 
H. Ruderman, and W. Verses (UCSDj; 
K. Crowe and N. Dairiki (LBL) 

Differential energy distributions of neu­
trons from the reaction w" + p - > « , + r* + n 
have been measured, in collaboration with 
the University of California at San Diego, in 
order to study the 1 = 0, S-wsve *-s interac­
tion near the pion-production threshold. The 
presence of this strong interaction between 
the final-state pious was expected to show up 
in the energy distribution of the neutron; its 
influence can be expressed In terms oi a scat­
tering length »SQ. 

The experiment was performed at the 
Berkeley 184-in.- cyclotron using an incident 
pi-minus kinetic energy of 378 MeV and 
laboratory neutroB angles of 30, 35, 40, and 
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45 deg. The basic arrangement consisted of 
an array of apark chambers to dalact lha 
gamma raya from •* decays at the point of 
Interaction in the hydrogen target. Neutron 
coantara at the end of a flight path of ZO ft 
measured the .vralroa tlme-of-flight epectrom. 

Fitting the distributions with the Chew-
MandelsUm solution for die ••» phaaa shift, 
we cbttln â Q • (0.29*0.21) p* 1 for the S-wave 
»•• scattering length, c value that la In agree-
ment with the current-algebra prediction of 
Weinberg! the bootstrap calculations of 
Johnson and Collins, and the moat recent 
forward dispersion relation prediction of 
Morgan and Shaw. These results have been 
reported in Phys. Letters. 

t. T. Maung, C. E. Masck, E. UUIar, 
H. Ruderman, w" C. Vernon, K. M. Crowe, 
N. T. Dalrlki, S-Wave w-n Scattering Length 
from Reaction »- + p-» ** +1* +n at 378 MeV, 
Pays. Lettera MB, S21 (1970). 

K* } CHARGE ASYMMETRY 

J. H. Brewer, R. J. Budnitz, A. C. Entis, 
R. M. Craven, R. L. McCarthy, D. H. 
Miller, and W. N. Roaa 

An experiment haa been in progresa to 
measure the charge asymmetry in the decaya 
K*,-n>> **••; an unequal number of positive and 
negative muona in the decay would indicate a 
violation of CP conservation. Since the 
origin of CP nonconservation has not yet 
been identified, it is crucial that the param­
eters characterizing die phenomenologlcal 
description of the K-decay process be accur­
ately measured for comparison with the pre­
dictions of alternative theoretical models. 

Because a large number "t events (10 ) are 
required for a statistically significant result, 
we are attempting to measure the asymmetry 
using counters only; no spark chambers re­
quiring elaborate computer data analysis are 

used. For this reason, it has been particu­
larly important that background be reduced 
to an absolute minimum. 

The experiment finished data-taking at 
the Bevatron in January 1971. The analysis 
has been proceeding smoothly; aa of 
September 1971, it la about 90ft finished. The 
main body of analysis haa bean done, and we 
are now In the process of tracking down a 
number of very email systematic effecta. We 
expect that the asymmetry wilt be measured 
to an accuracy of about *6X10" , and that 
the entire task will be finished by mid-
autumn. 

PUBLICATIONS AND PAPERS 
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25, 689 (1970). 
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Phys. Rev. Letters 29, 297 (1971). 
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Measurement of the Magnetic Moment of the 
Muon, Fhys. Rev. Letters 25, 628 (1970). 
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EXPERIMENTAL PHYSICS 

Emilio Segre and Oven Chamberlain in charge 

K-MESIC AND S'-HYPERONIC X RAYS 

Clyde Wiegand 
The SDO'MeV/c K" beam at the Bevatron 

hat been used to continue the study of the K~-
Mesic and the S"-hyperonic atom x rays. 
Details of x-ray spectra of many elements 
from Z = 2 through Z • 92 are being mea­
sured in order to determine nuclear sizes and 
to gain a clearer understanding of the interac­
tion of kaons with nuclear matter. In these 
experiments, negative kaons that stop in 
matter are captured into Bohr orbits of large 
principal quantum number n> and form hydro­
gen-like atoms that undergo de-excitation by 
the Auger effect and the emission of x rays. 

Helium is particularly interesting to us 
because fee K'-or interaction is amenable to 
calculation and has been extensively studied 
in He bubble chambers. In recent work, 
using a Si(Li) detector at the Bevatron, we 
have obtained the kaonic x-ray spectrum of 

He (see Fig. 1). Three spectral lines cor­
responding to Bohr orbit transitions 
n = 3 -* 2. n = 4 - » 2 , and n = 5 — Z have 
been measured with a resolution of 340 eV. 
Intensities per stopped kaon were 0.09, 0.05, 
and 0.02, respectively. No evidence was seen 
for transitions to n = 1 (intensity < 0.004). An 
understanding of the K"-a system is useful for 
determining the combined parity of kaons and 
hyperons. For example, are kaons absorbed 
by the nucleus from s-states or p-states? 
Ti e present experiment indicates that at least 
16% are absorbed from p-states. 

Also, we have measured the spectra of 
the pure isotopes of several rare earth ele­
ments. Some of the x-ray lines are found to 
be broadened due to hyperfine structure 
(coupling of the kaon orbital momentum to the 
quadrupole moment of highly deformed nuclei). 
One of tile lines of chlorine has been found to 
be broadened and its energy shifted due to the 
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Fig. 1. Kaonic x-ray spectrum of %e with energy resolution 340 eV. Lines from C and Al came 
from particle - stopped in the graphite energy .degrader and the Al structure of the target. 
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atroa*, forces between kaoas and nuclei. 
Some of the negative kaona. vacs absorbed 

ay nucleons. reault i s the protection and re-
leaae of S * hyperons. Tha hyparoaa remain 
in the target under investigation and form new 
and rarer atoma. S"-hypcioaSc atoms. Taw 
new atom* also emit characteristic x-ray 
spectra, aad their x-ray Uaea appear along 
with the kaonic x-ray lines. Ona of tha ulti­
mata goats in tha atady of ayparoate atoma la 
a measurement at the Z * magnetic moment 
which ia revoaled by apUttlng of tha x-ray 
tines into doublets (Baa structure). 

SEARCH FOR K* -» p.* + v +T+ * 

Gary D. Cable! Eoger H. RUdebraad, 
Chan Pang fOal'icrsiliy of Chicago): Ran F. 
Stiening (LBL) 

An experiment to aearch for me rare and 
poaaibly forbidden decay rao-to 
K •* u + » + » + » U a erogress at the 
Bevatron. Whether or not aVa will be aaaa 
depaada crittcally oa the aatftre of me weak 
interactiona. The ataadard ideas of a cur­
rent-current interaction suggest that the 
process should occur, ia analogy with me 
abundant decay K -» ji + v. Since the 
hadranic current ia charged in this case, it 
may be essentially different from ma neutral-
current decay processes mat have been con­
spicuous by their absence. 

If we do not observe this decay mode, 
we hope to be able to aet an upper limit of 
2 X10* on the branching ratio. A result of 
this sort would aet a limit oa the possible 
non-weak interactiona of neutrinos as well aa 
eliminate the last remaining possibility for 
weak neutral currents of appreciable strength. 

The major component of the experimental 
apparatus is an anticoincidence assembly of 
high-density lead-glass blocks forming a cube 
54 cm on a aide. Preliminary teats indicate 
that the gamma-ray detection efficiency of the 

glass ia adequate for tiw experiment. 

ASYMMETRY IN •" + p - » » + a 

Steve Tnsnwna) 

Preparations u a well advanced for a 
measurement at the Brvatrc* of tha asym­
metry in the proceea »" • p «• ** • a whea 
the target protoas are polarised. Thle ia aa 
experiment long needed la the study of de­
tailed scattering anaUtndea for the ptoa-an-
cleon system, la earlier years lata experi­
ment had been plinaad bat abandoned because 
the appararna coat seemed arcMUctv*. Now 
the axperimeat ia being prepared aa a collab­
orative experimeat with several other groups 
at this Laboratory, namely, the Moyer-
Helmhola Croup aad Croup A. The axperimea* 
has been made poaalhle by the demonstration 
that the semiautomatic scanning aad measuring 
system. SASS, ia able to aaalyaa spark-chaEn-
ber photographa of two-gamma events ia the 
large Moyer-Heimhola gamma-sensitive 
spark chambers. The running at tha Bevatren 
waa startod during FY 1971 and continues into 
the new fiscal year. The measurements should 
be performed at three beam momenta, prob­
ably 1080. 1280. and 1680 MeV/e. 

LOW-ENERGY *~p INTERACTIONS 

W. Chlnowaky (LBL); D. H. Saxon and 
J. H. hfulvey (Oxford University) 

An experiment to study the reactions 
**p — T»N at incident momenta of 456. SOS. 
and 552 MeV/c in the Saclay 80-cm hydrogen 
bubble chamber has been completed. The 
most prominent features of the data in the 
w vTn final state are a high-mass peak in the 

2 + -M (v v ) spectrum (which moves upward in 
mass and becomes less significant as the in­
cident momentum increases), and A" pro­
duction. 
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Tha * «" enhancement can be explained 
by the introduction o l u t i J ' O n interac­
tion. Two forma far thic interaction have bean 
investigated: in tin Venealano-Lovelace form. 
& M rise* approximately linearly from thres­
hold, passing through 99 dog Mir 720 MaV: 
til* other form Has 6 „ rialng from thraahoU 
aa *T for energies laaa than 450 MaV, and 
would g i n a narrower resonance than Iha 
flrat form. The results favor the q form. 

Tbara ia substantial A-prodoction at in­
cident momaau a* low a* 456 MeV/« (1)39 
MaV center of rnaaa). rather far below the 
threahold for production of • A of maaa 1236 
MaV. 

Within the framework of aa iaobnr model, 
we have derived values of the nN partial-ware 
inelasticities in the S 1 ( , P J t , P 1 3 . D 1 J t D J 3 

partial wavaa, aa a function of energy, and 
have compared theaa with the prediction* of 
•N elaatic phase-shift analyses. We find in­
elasticity in the SJJ . P J J , and D a j wavee at 
lower energiea than predicted. The increaaing 
Inelasticities obtained here are conalatent 
with the interpretation mat P . , and D . , wavaa 
resonate at energiea higher man those avail­
able in we present experiment. 

From these results we have obtained 
values of the P . , branching ratios into «H. 
*A. and «N, where n ia an I • J = 0 inter­
acting «« pair. The »N branching ratio (a be­
tween 43% at 1339 MeV am* 69% at 1402 MeV. 
The branching ratio between »A and aN de­
pends, not surprisingly, on the form of a 
used. In the preferred form, the inelasticity 
ia almost entirely through aN; with the 
Venesiano-Lovelace form, the ratio of *A 
to aN couplings ia about unity and increases 
with energy. 

The experiment ie continuing with the 
analysis of further exposures at incident mo­
menta of 415. 590. 670. and 750 MeV/c. All 
scanning, measuring, and data reduction 

have now bean completed. These data should 
farmer clarify the partial-wave parameters, 
•specially the P . . and D , , amplitudes, to 
determine resonance properties. 

pp AND pd b.TTERACTlONS 

Eugene Colton, W. Chinowsky. W. Gage 

An analysis of the reaction pa-* ppw" has 
bean completed. A aearch for H (1470) pro­
duction among 904 selected examples gives 
no clear indication at all of the formation of 
thia resonance. The peripheral data are in 
good agreement wi& the predictions of a 
slngle-pion-exchange modal; but at moat 9ft 
of the data may be attributed to N (1470) pro­
duction--by soma mechanlam other man pioa-
exchange. Thia finding ia in contrast with the 
result* of mlsslng-raasa spectrometer experi­
ments and phase-shift analyses of pion-nu-
cleon elastic scattering, which give rather 
convincing evidence for exiatence of a 
T • 1/2. J « 1/2 nucleon isobar at mass of 
about 1450 MeV/c. 2 

A large paper on two-prong events in pp 
interactions at 6.6 OeV/c is being completed. 
The reactions pp •» pp, pp -* ppc*. and 
pp •* p» n are studied. 

We also are examining the energy de­
pendence of the reaction* pp — p(pw «•*) and 
K*p -» K+(p*+«"); 33000 evenU of me former 
and 77000 events of the latter, representing 
moat of the world data, are being analysed. 
A detailed analysis of the peripheral p* «* 
aysterr is planned in order to determine its 
partial-wave structure. 

An analysis of 7514 pp -» pp* ** evanta 
at 6.6 GeV/c incident beam momentum has 
been made. We preaent three types of anal­
yses which argue that a eingle-nion swrhangi 
process is responsible for the dominant per­
ipheral A pm" production. Aa angolar-cer-
relation analysis suggest* mat the 1450-MeV 
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A* Daek aahaaeemeiit is not a pore r = t /2 
state. The demonstration that the absolute 
magnitude for this enhancement is accounted 
for by the plon-exchange process indicates 
mat only one process (I. e . . pion exchange 
vim diffraction scattering at the w*p vertex) 
contributes to the final state, and that a sec­
ond process nead not be added to the pion ex­
change to account for die observed cross sec­
tion. Some ad hoc dependence on the Aw mass 
must be introduced for a precise fit to the 
shape of the Aw mass spectrum, or equiva-
lently to the 8, + angular distributions in the 
*~p c. m. system. The e ^ ' ' dependence 
of the Reggelsed plan-exchange model of 
Barger is well known to accomplish mis, how­
ever, the a(t) with unit slope required by mis 
model is at variance with the apparently rather 
itai trajectory deduced from data on quasi-
two-body plon-exchenge-dominated reactions. 
It ia suggested mat ft Aw final-stats-interac­
tion model may be useful in understanding the 
reaction. 

In our study of pd interactions at 5.9 and 
7.8 GeV/c, three-, four-, five- and six-prong 
events have been measured and are currently 
being analysed. The project is a companion 
to stadist of the pp interaction. Cross sec­
tions, inclusive phenomena, and peripheral 
resonance production are being investigated. 

In particular, wo are looking at She de­
pendence on momentum transfer of resonance 
prodsetion observed in selected final atatea. 
We intend to isolate reactions of the type 
pntPg) "* (p.tNN + X«, where N represents a 
nacleon and X ia an integer that indicates the 
number of * mesons produce*, and p indi­
cates the "spectator" proton. The extraction 
of pn interactions ia being performed with the 
aid of the impulse approximation and these set 
reactions are hens* compared with their pp 
counterparts. 

T = 2 ELASTIC w CROSS SECTIONS 

E. Colton (LBL); E. Malamud (NAL); P. E. 
Schlein (UCLA); A. O. Johnson, V. J. Stenger, 
P. C. Wohlmut (U. Hawaii) 

Experimental differential cross sections 
— — — 11 

from data on the reaction * p •(« « )A at 
beam momenta of 2.7, 3.0. 3.2, 3.9, and 4.2 
CeV/c have been extrapolated to the one-pion-
exchange pole to obtain the »"»" elastic scat­
tering cross section. An attempt is made to 
correct for background due to kinematic over­
lap with the competing one-plon-exchange 
process *"p — p*(v*p). Analyses done in­
dependently on the data in two beam-momen­
tum groupings at "3.0 and -4 .0 CeV/c give 
consistent results of a roughly constant 7-11-
mb cross section for >'* ' -* >'•* over the 
dipion mast range 440-750 UiH. Our results 
are compared with available results iru..-. 
other analyfes and with several tbaoretical 
predictions iat the ! • ! s-wave phase shift 

V 

v » ELASTIC SCATTERING 

E. Colton (LBL); E. afalamud (NAL) 

Experimental differential cross sections 
from data on the reactions v*p — **« n and 
«*p - eVA+TdZJS) fca,, ! „ „ extrapolated 
to the one-pion-exchanfe pole to obtain the 
* «* elastic scattering cross section from 
threshold to 1.4 GeV. Consistent results are 
obtained in three e n s . energy ranges for both 
reactions. Ihe date have been fitted to several 
(•dependent extrapolation functional and the 
results of the fits are tabulated and plotted as 
a function of w+w" effective mass. In particu­
lar, wit Sad cross secttcaa of approximately 
25 and 125 sab. respectively, at the K and 
central a* 17451 mass finsltfre I 
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POLARIZED-PROTON TARGET 
DEVELOPMENT 

Owen Chamberlain. Ra^n^ad £. Fuaesy. 
William Corn. Peter X. H< brisk, Slephisn R. 
Shannon 

In preparation for Bevatron experiment 
142 on negative-pion charge-exchange scat-
tering on polariaed protons and in preparation 
for a polarisation experiment at me National 
Accelerator Laboratory in Oscal 1973 (MAI. 
experiment 61), the polariaed-target magnet 
baa been resHmmed to obtain a suitably ho­
mogeneous field for a target almost four inchea 
long. A new target material, propylene glycol 
doped with CrV, baa been developed. It has 
slightly higher hydrogen content man conven­
tional ethylene glycol, while giving the same 
polarisation. It will be need in experiment 
142. Preliminary design has been made for 
a lower temperature cryoatat baaed on cooling 
the polarised target by the evaporation of 
helium-3. A preliminary design has alao 
been made for superconducting coila mat would 
allow the direction of the target polarisation 
vector to be oriented in the scattering plane, 
rafter man perpendicular to the scatterirg 
plane. These coils would mate posaible the 
measurement of the Wolfenstein R and A pa­
rameters, especially for » p scattering. Con­
struction will not proceed until fiscal 19T2. 

DEVELOPMENT OF PROPORTIONAL WIRE 
CHAMBERS 

Herbert Steinei-

We are actively pursuing development and 
testing of small proportional wire chambers, 
with intent to capitalise on their uahtu* capa­
bilities as soon as possible. Chambers of 
10 cm X i9 cm have been built and tested in 
Bevatron beam*. Satisfactory ways of 
handling edge effects in she chambers nave 
been developed. Analog methods have been 
used to allow the PWC'a to snow graphically 

the phase space of a beam of particles* We 
are cooperating with other laboratories in 
developing inexpensive commercial sources 
for toe electronic cixcaftry. This involve* 
agreeing in several laboratories eat epeci&ca-
tiona before ordering; actual hardware. Oer 
future plans, especially at NAL. rely heavily 
on mis development. 

We are continuing: to develop and as* pro­
portional wire chamber* for a variety at anafi-
cations. A system of cbamhora has been aaed 
at the Bevatron and at ft* IM-in. synchro­
cyclotron to measure the profile* and phase 
space dUtrihwaoas of secondary particle 
beams. Chamber* have b e a coBstracted tor 
use with a polarised target in a meararemea* 
of polarisation in elastic ap scattering. Work 
ia coattnntag in conaaxntloa wila other lahora-
tories in developing relatively ineiueasive 
hybrid electronic ctecatta for as* wife pro­
portional wire chambers. A arotoryn* system 
wssiettog of 192 ihsimsls baa bean; tested a** 
debugged her*, and will be used in a Be ml ion 
experiment ahortly. W*ax«ala*taitttBg>* 
winding machine fax- nan by *a|»eilimii>sl 
grouse at LBL. witk watch large chamber* 
(2 «n X2m) can bo conatraet*c\ Conatrwctiaw 
i s starting on the proportional wire chamber 
system to be e s e d l c the Kipethiwat f i t col­
laboration at NAL. 

Our group, ia coUaaotaBon vdms others, 
baa been investigating ft* aattatUtty of var­
ious gaa mixture* ciartililigMnon, Wahav* 
found that mgher gain* in ft* region of pro­
portional axaplificattoa are neauM* wife fees* 
mixtures man with the - =»<.-** standard argon-
hydrocarbon gaj antnteuUS! 

Actively psrHripsHag in puparatt— at 
equipment end analysla pragraaM tar use at 
SPEAR (Stanford Poaltra* Blectran Aaym-



-50-

metr ic Ring) are G. Abrams, C. Freidberg, 
J. Kadyk (Trilling-Goldhaber) and W. 
Cbinowsky (Segre-Chamberlain). Construction 
of the colliding-beam machine at SLAC, begun 
in 1971, i s expected to be completed by spring 
1972 and operation for experiments i s expected 
by the end of 1972. 

Conceptual design has been fixed f nr a 
large solid angle detector, cylindrical in shape, 
within a magnetic field of ~ 5000 G, and de­
tailed engineering design i s proceeding. In 
particular, at LBL, we shall des ign and con­
struct a se t of electron-shower detectors (each 
of approximate area 10 ft X 1 - 1 / 2 ft) capable 
of identifying pionB in a background of e l e c ­
trons that are expected to have an intensity 
about one-hundred times as high as the pion 
intensity. Twenty-four such detectors are r e ­
quired to completely surround the c ircum­
ference of the cylinder. A prototype module 
has been tested at the Bevatron and the first 
module of final design will be tested in the 
fall of 1971. We have taken primary responsi ­
bility for writing programs to reconstruct 
annihilation events from primary data, which 
will cons i s t of digitized coordinates of tracks 
in wire spark chambers. These wi l l be pat­
tern-recognition programs to organize spark 
coordinates into tracks of particles and r e ­
construction of complete events in space. 
Further kinematical analysis wi l l identify the 
particles produced in the e e" annihilation 
events and ascertain the presence of unob­
served neutral particles. It i s planned that 
the parameters of reconstructed events wil l 
be available on-line during experimental op­
erations, in order to monitor ^he progress of 
the experiment and the performance of the de­
tection apparatus. 
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EXPERIMENTAL PHYSICS 

George H. Trilling and Gerson Goldhaber in charge 

The group i s involved in the following 
projects: 

Study i f production mechanisms and prop­
ert ies of strange bosons made in the interac­
tions of high-energy K mesons with protons 
and neutrons. This work i s being carried out 
at 12 GeV/c in the SLAC 82-inch bubble cham­
ber filled with deuterium. 

Study of the properties of nonstrange bo­
sons produced by positive pions of momentum 
around 3.7 GeV/c , using film from the 72-inch 
Berkeley bubble chamber. 

Study of the interactions of A° hyperons 
in the momentum range 1 to 5 GeV/c with pro-
tona, with much higher statistics than has h e r e ­
tofore been poss ible . This i s done with a spe­
cial platinum target mounted inside the SLAC 
82-inch bubble chamber and exposed to a s ep ­
arated K~ beam. The interactions of the neg­
ative kaons provide a copious source of A 
part ic les . Poss ib ly , interactions of other hy­
perons ( £ , S ) may be studied as wel l . Sev­
era l thousand events are expected. 

Des ign of experiment?, and test ing and 
development of equipment, principally to study 
particle production in e e~ coll isons at SPEAR 
using techniques such as wire spark chambers 
and scinti l lation counters. 

K + d INTERACTIONS AT 12 GeV/c 

Alexander Firestone, Gerson Goldhaber, 
David Ldssauer, and George Trill ing 

We have completed the scanning and m e a ­
suring on FSD of the approximately 500 000 s te ­
reo exposures of K d interactions at 12 GeV/c . 
The film was taken in April 1969 at the SLAC 

82-inch deuterium-fil led bubble chamber, ex ­
posed to a 12 -GeV/c r£-separated K beam. 
Remeasurements have been carried out with 
the COBWEB sys tem. Since the total num­
ber of events in the film iB about 850000, we 
have restr ic ted our attention at first to events 
with (1) a v is ible K° or other vee decay, 
(2) any three-pronged event, or (3) any four-
pronged event with at least one stopping track. 
We have thus measured about 240000 events of 
which about 50 000 were remeasured. In addi­
tion, we have scanned for antiomega candi­
dates, which are characterized by a vee com­
ing from a charged decay. We have measured 
the cross sect ions for the reactions K d—K°pp, 
K°ir+d, K°pmr + , K+ir"pp, K + i r V d , and K V V p p . 
Results on the analysis to date include the fol­
lowing. 

Observation of Antiomega 

We have observed an SI event. The SI i s 
produced i n the reaction K d-»£iAApv v~, and 
decays via the mode S-^AK . The production 
cross section i s of the order of 0.1 ub. A s i x -
constraint fit to the mass gives M= 1673.1±1.0 
MeV, which i s i n excellent agreement with the 
known m a s s of the 0 ( M = 1672.5±0.5 MeV). 
This work has been published in Fhys . Rev. 
Letters . * 

A s a byproduct of the 5 search we have 
collected m o r e than 65 examples of § produc­
tion. These events wil l be used i n a search 

* 
for possible S resonances and possible high-
m a s s K resonances which decay by the H Y 
mode. 
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K n Charge Exchange 

We have measured the differential cross 
sect ion for the elastic charge-exchange reac­
tion K n-* K°p and have found it to be identical 
to the differential cross section for the line-
reversed reaction K p -»• K n at 12 GeV/c, and 
to he in agreement with the predictions of the 
Regge-pole model of Rarita and Schwarzschild. 
These data are powerful evidence for strong 
p-A^ exchange degeneracy. We also find that 
the forward scattering amplitude i s essentially 
real , and that the cross section for this reac­
tion as a function of incident momentum is 
identical to that for the reaction K + p •* K° A** 
beyond threshold effects. This work has been 
published in Phys. Rev. Let ters . 

Narrow K N Enhancement 

In the reaction K +n-*K +ir"p at 12 GeV/c, 
we have observed a narrow K-j (1250) enhance­
ment at mass M = 1247±5 MeV with width 

J.Q 

r = 2 0 _ x MeV. The enhancement i s most prob­
ably produced by pseudoscalar exchange; its 
spin-parity is either J = 0 or J = l". This 

3 
work has been written up as a UCRL report, 
and a preliminary vers ion w a s included in a 

4 
paper submitted to the Kiev Conference (1970). 

K (1420), but is most easi ly seen through a 
study of the decay angular distributions in 
this region- Its mass i s M~ 1370 MeV, its 
width r < 150 MeV. This work has been pub­
lished in Phys. Rev. Letters . 

Structure in the Ktr Mass System 

In the same reaction as above (K n-*Kifp), 
we have observed a significant shift in the an­
gular distribution at a value of M(Kir) of about 
1.85 GeV. The most natural interpretation of 
the observations is the production by pion ex-

p - * change of a J =3 K resonance at about this 
m a s s , which interferes strongly with back­

s' 
ground. Such a K resonance would presum­
ably be the strange analog of the J = 3" g 
meson . This work has been accepted for pub­
lication in Phys. Letters. 

Coherent Production of Q and L 

We are studying the coherent production 
of the K TT TT" system off the deuteron, i . e . , 

mined the cross section f**r this reaction to 
be 331 ± 8 jib, where the quoted error i s stat is­
t i ca l only. This reaction i s dominated by pro­
duction of the Q enhancement in the Kirir s y s ­
t em. However, there i s also an L signal at 

Study of KT(1420) Region 

We have completed a major study of the r e ­
gion of the K (1420) in the react ion K n-*K ir"p, 
and report the existence of a new resonance on 
the low-mass side of the K (1420). This new 
resonance most probably has spin-parity J ^ Q , 
and i s produced primarily by pion exchange, as 
i s the K (1420); but the alternate hypotheses of 
a J = l" object produced by a mixture of pion 
and vector exchanges cannot be completely 
ruled out at this t ime. This resonance appears 
a s a shoulder on the l ow-mass side of the 

t ion and a d signal at about 2200 MeV in the 

dir m a s s distribution. In fact, the L appears 
to be formed primarily in conjunction with the 
d , with the ir meson shared between the two 
of them. We are studying the structure in the 
Q and i t s decay properties into K (890) if and 
Kp decay modes. A preliminary vers ion of 
the resu l t s of the analysis of this reaction was 
presented at the Washington Meeting of the 
Amer ican Physical Society in Apri l 1971, and 
a complete paper on this reaction wi l l be sub­
mitted to Phys . Rev. in the near future. 
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i r p INTERACTIONS AT 3.7 GeV/c 

Gerald S. Abrams, Keith W. J. Barnham, 
W. Ralph Butler, Donald G. Coyne, Gerson 
Goldhaber, Bronwyn H. Hall, Jimmy N. 
MacNaughton, and George H. Tril l ing 

&Z Mass Spectrum 

Our study of the A , meson in the reaction 
*• » + + + - i. ^ j ~ 

IT p -*• pA, -*• pir TT IT has continued. On re ­
moving the strong A signal in this channel, 
we find evidence for a split A , in the t' = 0.1 
to 2.0 GeV 2 range. The confidence level for 
a fiv with the "dipole1 1 formula i s 53% as against 
11% for a fit with a single Breit-Wigner r e s ­
onance. Here a split is favored r but tlie Breit-
Wigner fit cannot be completely ruled out. We 

obtain branching . . JJ „'or the A - decay to 
pir, T|TT, KK, and TI if which are in good agree­
ment with other experiments. 

Interfering Resonances and the A£ 

"We have investigated the possibi l i ty that 
an interfering resonance model can reconcile 
the different A- mass spectra observed in dif­
ferent experiments . We find that good fits to 
the present ly av .j --: 'e A* '" ' ' m i s s i n g - m a s s 
and three -p i on n. spectra are possible over 
a range of m a s s e s and widths of the two r e s ­
onances. In particular, we find situations 
where only a small change in the relative 
phase i s required to pass from the split AZ 
spectrum observed in m i s s ing - m ass exper­
iments to the unsplit A- spectrum at 7 GeV/c. 

Search for C Violation Via P Interference 

We have theoretically analyzed the 
p 0 -* ir Tr"ir° decay mode and have detailed the 
poss ible ways the existence of such a decay • 
could distort distributions of the w, which nor­
mal ly decays to ir ir'ir 0. It is shown, for ex­
ample, that the u decay Dalitz plot may be 
used in a search for a I All = 0, C nonconserv-
ing decay of the p° to it tTit . 

Charge Asymmetry on the (J Dalitz Plot 

A n analysis of the w-** IT v ir decay Dalitz 
plot has been performed for about 4000 o 
events from the reaction w p •• v p(A, A sub-
sample of the data produced in the kinematic 
region defined by the conditions 
(a) A (1236) opposing the u, ar-* 

(b) t 1 = I t - t - I in the interval 0.08 to 0.20 
nun 

( G e V / c ) 2 

has been found to show an asymmetry oyer the 
Dalitz plot, with a predominance of energetic 
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Regge-Pole Effects in p°A and a? A Production 

A detailed study of p ° A + + and u°A + + pro­
duction haB been performed via analyses of 
production and decay angular distributions. 
The data are found to favor simple models 
based on the exchange of Regge poles . 

Model for V° A*"1" Production 

A theoretical analysis of the p°A and 
uA data with a TT-B exchange-de gene rate 
model has been applied with quantitative suc­
c e s s . It is shown that for each reaction the 
s imd t dependence of the data may be under­
stood for the dominant production mecha­
n i sms . 

Comparison of An and At)1 Production 

We have studied the production mech­
anism of the quasi-two body state AT) 1 , and 
compared the results with our data on An pro­
duction. It i s found that a Reggeized A , ex­
change model adequately descr ibes both reac­
t ions . 

1. K. W. J. Barnham, G. S. Abrams, W. R. 
Butler, D. G. Coyne, G. Goldhaber, B. H. 
Hall, J. MacNaughton, and G. H. Trilling, 
The A2 Mass Spectrum in ir +p Interactions at 
3.7 GeV/c , Phys. Rev. Letters 26, 1494 
(1971). 
2. K. W. J. Barnham and G. Goldhaber, 
Interfering Resonances and the A2 Mass 
Spectrum, Lawrence Radiation Laboratory 
Report TJCRL-20293, Mar. 1971, and in 
Proceedings of the Conference on Phenom­
enology in Particle Phys ics , California Insti­
tute of Technology, Pasadena, 1971. 
3. G. S. Abrams, G. Goldhaber, B. H. Hall, 
Proposed Method for a Search for C Violation 
'ia p° Interference in u Decay, Lawrence Radi­

ation Laboratory Report UCRL-20617, Mar. 
1971, to be published in Phys. Rev. D. 
4. G. S. Abrams, K. W. J. Barnham, 
W. R. Butler, D. G. Coyne, G. Goldhaber, 
B. H. Hall, and J. MacNaughton, Evidence 
for a Charge Asymmetry on the u Dalitz Plot, 
Lawrence Radiation Laboratory Report UCRL-
20618, Mar. 1971, to be published in Phys. 
Rev. D. 

5. G. S. Abrams, K. W. J. Barriham, 
W. R. Butler, G. Goldhaber, B. H. Hall, 
and J. MacNaughton, Observation of Regge-
Pole Effects in p°A'H'andu ,'A Production at 
3.7 G e V / c , Phys . Rev. Letters 25, 617 
(1970). 
6. G. S. Abrams and V. Maor, ir-,B Ex­
change -Degenerate Model for Tr A Produc­
tion, P h y s . Rev. Letters 2£, 621 (19V0). 
7. G. S. Abrams, K. W. J. Barnham, W. P. 
Butler, D. G. Coyne, G. Goldhaber, B. H. 
Hall, J. MacNaughton, and G. H. Tril l ing, 
Comparison of An and An* Production at 3.7 GeV/c, 
contribution to the XVth International Confer­
ence on High-Energy Physics , Kiev, USSR, 
Aug. 26-Sept. 4, 1970, Lawrence Radiation 
Laboratory Report UCRL-20067, Aug. 1970. 

Ap INTERACTIONS FROM 0.5 TO 5 GeV/c 

J. A. Kadyk, G. H. Trilling, and 
J. M. Hauptman 

An experiment to study Ap interactions 
has been done at SLAC, using the 82-in. bub­
ble chamber with a platinum plate mounted 
inside. The experiment i s s imi lar to one , 
previously performed in the LBL 25-in. hydro­
gen bubble chamber, in which the technique of 
using the internal platinum target was devel­
oped and f irst used. The A part ic les are pro­
duced by interactions of a 12-GeV/c K" beam 
incident upon the plate, and have approximately 
the momentum range 0.5 to 6.0 GeV/c . About 
one-s ixth of the total data has been analyzed 
relating to the reactions 

(1) Ap -* Ap (elastic scattering) 

(2) Ap -» Apir IT". 

Over 150 of these event types have been 
1 

studied. 

Resul ts include: (a) a steep momentum-
transfer fall-off, corresponding to a strong 
forward scattering for reaction (1). By char­
acterizing this as e~ , we find that the slope 
parameter b i s 6.4 ±1.0 for A momenta above 
2 G e V / c , to be compared with 6.3 for pp colli­
sions in the same energy region, (b) The en-
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ergy dependence of the angi lar distribution 
for react ion (1) i s now approximately known, 
using the data from the previous experiment 
at lower energies . The distributions are 
nearly isotropic below 600 MeT^c, while P -
wave and some D-waves are needed at ~ 1000 
MeV/c . At about 2000 MeV/c , a very strong 
forward peak i s seen, with almost no back­
ward peak, and this becomes eve'n more strong­
ly peai.ed above 3 GeV/c. (c) Reaction (2) is 
dominated by A(1238) formation, and E(1385) 
formation by means of isovector exchange. 
There s e e m s to be almost no evidence for K 
exchange as would be indicated by a backward 
peak in the angular distribution, (d) The e las ­
tic scattering cross section i s ~ 10 mb over 
this energy region, but until further drta are 
analyzed, a precise valve cannot be reported. 

When the experiment iB completed, over 
200 000 A particles will be contained in the 
data, yielding about 400 Ap interactions visible 
in the photographs. This is about 10 t imes 
previously existing world data for this energy 
range. Both elast ic and inelastic reactions 
wil l be studied, yielding much more precise 
determinations of cross sect ions, angular dis­
tributions, and polarization than previously 
available. 

1. J. A. Kadyk, G. Alexander, J. H. Chan, 
P . Gaposchkin, and G. H. Tril l ing, Ap Inter­
actions in Momentum Range 300-1500 MeV/c, 
NucL P h y s . B27, 13 (1971). 

SPEAR PROJECT 

G. S. Abrams, J. A. Kadyk, G. Goldha'ucr, 
and G. H. Trilling 

In collaboration with SLAC and UCSD, 
and others at LBL we are helping to develop 
a detector to be used in the f irst experiments 
at the SliAC positron-electron colliding beam 

facility, SPEAR, scheduled for initial oper-
a'-ion in the fall of 1972. A ser i e s of t e s t s at 
SLAC were performed to study the feasibility 
of using multiwire proportional c h a m b e r s 1 as 
part of a quantameter for detection of electron 
showers . Part of the SPEAR shower detector 
may incorporate such a quantameter to iden­
tify e lec trons and to measure position and e n ­
ergy for gamma rays resulting from e -e~ 
interactions. 

1. S. Parker e t al., Multiwire Proportional 
Chambers with Uniform Gain, Lawrence Radi­
ation Laboratory Report UCRL-20828, June 
1971, to be published in Nucl. Instr. Methods. 
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THEORETICAL PHYSICS 

Geoffrey F. Chew. Group Leader 

The LBL Theoretical Group i s concerned 
with the following areas of general laboratory 
interest: particle theory, design of particle 
accelerators and related equipment, nuclear 
physics , atomic phys ics , plasma physics, and 
the training of P h . D . students. Out steff in­
cludes ten faculty members from the Berkeley 
Physics Department and eight LBL senior staff 
members . There i s a l s o a substantial number 
of temporary postdoctoral researchers , although 
only three in this category are supported by 
Laboratory funds. The faculty members rece ive 
about three quarters of their support from the 
University. 

PARTICLE THEORY 

Heavy emphasis i s given to particle 
theory, particle physics being the primary 
concern of the LBL Phys ic s Division. Seven 
faculty men and three members of the LBL 
senior staff are active in this area, as are 
most of our temporary postdoctoral people. 

For many y e a r s a central role in LBL 
particle-theory re search has been played by 
the concept of the S matrix—the collection of 
a l l particle reaction amplitudes. (The S 
matrix represents the totality of conceivable 
knowledge about the subatomic world.) LBL 
S-matrix research i s proceeding in a variety 
of distinguishable directions: 

SrMatrfec Properties and the "Real World" 

Efforts are being made to relate general 
S-matrix properties to the causal structure of 
space-time events in the "real world" of 

laboratory experience. Recently SSapp has 
been examining the philosophical and physical 

1 2 
content of quantum theory * and has developed 
new arguments that the entire content res ides 
within the S matrix. A concrete illustration i s 
the motion of an e lectron in a c lass ica l e lec tro­
magnetic field. Stapp has been able to demon­
strate in detail that general S-matrix principles 
lead here to the same (correct) predictions as 

3 
are given by conventional quantum field theory. 
Also shown by Stapp in recent work i s that a 
certain formula, which plays a key role in 
analytic S-matrix theory by specifying certain 
basic discontinuities, follows in a formal sense 

4 
from field theory. (Much attention has been 
directed to this basic discontinuity formula 
during the past year because of its relevance 
to the so-cal led inclusive cros s sections. See 
below: Regge Asymptotoic Behavior.) 

1 . H. P . Stapp, The Copenhagen Interpreta­
tion and the Nature of Space-Time, Lawrence 
Radiation Laboratory Report UCRL-Z0294, 
Feb . 1971, submitted to A m . J . Phys . 
2 . H. P . Stapp, P h y s . Rev. 3D. 1303 (1971). 
3 . Henry P . Stapp, S-Matrix Derivation of 
the Motion of an Electron in an Electromagnetic 
Fie ld , Lawrence Radiation Laboratory Report 
UCRL-Z0211, Nov. 1970. to be published in 
Nuovo Cimento. 
4 . H. 5>. Stapp, P h y s . Rev. -3D, 3177 (1971). 

Hadron S-Matrix Bootstrap Hypothesis 

The hadron bootstrap hypothesis states 
that c lassical space- t ime properties prescribe 
a unique S matrix which approximates strong-
interaction phenomena. Arguments have been 
given by Chew* that the special properties of 
electromagnetism are so intertwined with the 
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conceptual framework of observational sc ience 
as to preclude a derivation of e lectromagnetism 
from a "scientif ic bootstrap"--that i s , f rom 
se l f -cons is tency conditions framed in con­
ventional scientific language. On the other 
hand, strong interactions, being remote from 
the real world of observation, may be amenable 
to a scientif ic hadron bootstrap based on S-
matrix se l f -consistency. 

Investigation of the hadron S-matrix boot­
strap hypothesis usually proceeds through 
models based on small parameters that justify 
some simplification of the full set of S-matrix 
constraints. The multiperipheral model , 
where the s m a l l pion mass motivates the n e ­
glect of a l l but a tiny subset of s ingularit ies , 
has recently been receiving intensive LBL 
scrutiny: (a) Snider end Tow have shown that 
the predictions of the original s imple form of 

3 
the model are not (Qualitatively changed by 
inclusion of interference terms corresponding 
to the interchange of pion "order" along the 
multiperipheral chain. The kernel strength, 
in particular, remains too weak to fit known 
experimental facts , (b) Avalos has shown 
that inclusion in the model of K'B and T)'S , as 
wel l as IT'S , gives only a small increase in 
kernel strength, but a substantial increase can 
result from plausible off-shell forms of the low 
energy HIT amplitudes. Avalos and Webber 
have used the Durr-Pilkuhn form factors to 
achieve an adequately strong mnltiperipheral 
kernel. ' One manifestation of their s u c c e s s i s 
the successful ly predicted rate of increase 
with energy of the average multiplicity of 
produced rr'8 and K's . (c) Webber has 
further calculated the transverse momentum 
distribution of pions and found it to be in a g r e e ­
ment with experiment, (d) Chan, in a rough 
multiperipheral calculation of the m e s o n -
baryon total cross section, found a resul t in 
reasinable accord with experiment, (e) Chew 
and Snider have generalized their study of a 

mechanism by which the leading Regge pole in 
the simple model i s split into two poles plus a 
branch point, through the action of a weak high-
subenergy component in the multiperipheral 
kernel. The upper of the two poles i s identified 
as the Fomeron (P) while the lower i s supposed 
to be the P". Sorensen has been further r e ­
fining the aforementioned high-subenergy 
kernel by numerical attention to the se l f -con­
sistent contribution from the Regge branch 
point as w e l l a s from the poles . Shei a l so has 
been analyzing this self-consistency constraint 
but from the point of view of a unitarity bound. 
He has shown that a leading Regge pole emerges 
only if the low-subenergy kernel i s not too 
strong. Otherwise the leading singularity 
must be a branch point. 

A bootstrap model closely related to the 
s implest form of multiperipher-1 model i s the 
strip model , which received recent encourage­
ment from calculations by Collins and 

g 
Johnson. Webber, however, has found by 
more careful calculations that the Col l ins-
Johnson resu l t s are misleading and that the 
TTTT form of the strip model employed by these 
authors i s incapable of c lose correspondence 

o 
with experiment. This conclusion has been 
reinforced in an independent investigation 
carried out by Chen. 

1. G. F . Chew, Hadron Bootstrap Hypothesis, 
Lawrence Radiation Laboratory Report UCRL-
20843, June 1971. 
2. D . R. Snider and D. M. Tow, Phys . Rev. 
D3. 996 (1971). 
3. L. Bertocchi , S. Fubini, and M. Tonin, 
Nuovo Cimento 25. 626 (1962); D. Amati , 
A. Stanghellini, and S. Fubini, Nuovo Cimento 

M. 896 (1962). 
4. Daniel R. Avalos , Inclusion of the Pseudo-
scalar Meson Octet in the ABFST Multiper­
ipheral Model, Lawrence Radiation Laboratory 
Report UCRL-20810, May 1971, submitted to 
Phys . Rev. 
5. H. P . Durr and H. Pilkuhn, Nuovo Cimento 
40A, 899 (1965). 
6. B . R. Webber, Multiperipheral Model P r e ­
dictions Concerning Pion Production in High-
Energy Col l i s ions , Lawrence Radiation 
Laboratory Report TJCRL-20834, June 1971. 
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7. G. F . Chew and D. R. Snider, Phys . Rev. 
D3. 420 (1971). 
8. P . D. B. Collins and R. C. Johnson, P h y s . 
Rev. 185,2020 (1969). 
9. B. R. Webber, Phys . Rev. D3.1971 (1971). 

Regge Asymptotic Behavior 

The mathematical and experimental s i g ­
nificance of Regge asymptotic behavior i s 
being investigated. The extension of the h y ­
pothesis of Regge behavior to multiparticle 
5-matrix e lements has received impetus in 
recent y e a r s from dual-resonance models 
[see below) and from the realization that the 
hypothesis i s directly relevant to inclusive 
cross sec t ions . There has been LB1> part i c i ­
pation in both these developments, which often 
are interrelated, (a) Einhorn has investigated 
the possibil i ty of finite-energy sum rules for 
single particle inclusive production near the 
boundary of the fragmentation region, while 
Cahn and Einhorn have studied the consequences 
of internal symmetr ies for inclusive p r o c e s s e s , 
finding many experimental predictions. Cahn 
and Einhorn a l so have been studying the c r i ­
terion, analogous to ezoticness in two-particle 
reactions, that would correspond to a vanishing 
non-Pomeron discontinuity in a three-part ic le 
reaction. A controversy has developed i n this 

area, differing criteria having been propos'ed 
2 3 in the already published literature. ' Cahn 

and Einhorn, on the basis of the dual resonance 
model and with assistance from M. Green, 
have arrived at a rule different from any so 
far proposed, (b) On the basis of Pomeron 
dominance, Webber has shown that in the 
process 

A + B— C + n charged particles + anything e l s e , 
C being any combination of detected part ic les 
(including none at all) , the average value of 
n should have the asymptotic energy (a) d e ­
pendence 

"ABC " k l ° B B + £ A B C ( P c ) 

where k i s a constant independent of ABC. 
The same result has been obtained inde-

A 

pendently by Nieh and Wang. Webber i s now 
investigating the prediction for f AJSJ. given by 
various mode l s , (c) Risk, in collaboration 
with Friedman and others, * has undertaken 
a systematic analys is of multiparticle produc­
tion data in order to check the factorization 
principle--an important aspect of the R e g g e -
pole hypothesis . Risk a l so i s comparing m o r e 
detailed models for multiple production with ' 
currently emerging experimental d a t a . 7 ' 8 ' 9 , 1 0 ' 1 1 

Two-particle reactions continue to rece ive 
attention in Berkeley , (a) Field and Jackson, 
have been analysing the reactions K"ri-» v 'A 
and > n - K A f r o m the Regge-pole, duality, 
standpoint, us ing both high- and low-energy 
data, including polarization measurements . 
This study has thrown light on the re lat ive 
importance of secondary Regge trajectories . 
Field has extended the study to the react ion 
w~p— v°n and makes the general hypothesis 
that high-energy two-particle react ions, i n ­
cluding polarization, can be weU approximated 
by exchange-degenerate leading trajectories 
plus exchange-degenerate daughter trajectories . 
(lower by one unit of angular momentum) plus 
the standard Pomeron-Regge cut's,". (b) Austin 
and Rarita have used a Regge-pole fit of pp 

- . ..--.-- -,4 2 • 
and pp c r o s s sections' and polarizations . up 
to 70 GeV to predic t elastic pp scattering a t 
the energies and momentum transfers a c c e s ­
sible to the CERN intersecting storage r i n g s . 
Their prediction, which corresponds to a 
Fomeron slope of 0.31 GeV' , i s in agreement 
with initial ISR measurements , (c) Dubovoy 
and Suzuki have examined the implications for 
K p elastic-amplitude finite-energy sum r o l e s 
arising from the assumption of direct-channel 
helicity conservation at high energy. They 
have found evidence for at least one fixed "pole 
in the complex J-plane. 
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1. Martin B . Einhorn, Finite Snergy Sum 
Rules for Limiting Fragmentation in the 
Triple Reggeon Region, Lawrence Radiation 
Laboratory Report UCRL-20688, May 1971. 
2. H. M. C h a n e t a l . , Phya. Rev. Let ters 
26, blZ (1971). 
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Dual-Resonance Model 

In the program of unitaiizing the dual 
resonance model , diagrams with c losed loops 

1 2 3 4 are encountered. Kaku and Yu ' have 
developed a general set of rules for c lo sed-
loop formulas and have given simple interpre­
tations thereof. The existence of these ro les 

wi l l facilitate unitarity corrections to the 
simple vers ion of the model—which ignores 
all nonlinear unitarity constraints. 

1. M. Kaku and L. P . Yu, Phys . Letters 
33B, 166 (1970). 
2. M. Kaku and L . P . Yu, Phys . Rev. D3 , 
2992 (1971). 
3 . M. Kaku and L . P . Yu, Phys . Rev. D3, 
3007 (1971). 
4. M. Kaku and L . P . Yu, Phys . Rev. D3, 
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"Classical" S-matrix Theory 

A variety of S-matrix investigations have 
been carried out which make no use of Regge 
behavior; the ingredients are the "classical" 
principles of analyticity, unitarity, and 
Poincare invariance. (a) Field has attempted 
to find an energy continuation connecting 
measured irN phase shifts at 26 different 
momenta between 385 and 1700 MeV/c . His 
"best" path agrees for the most part with paths 
found by other groups, but there appear to be 
additional resonance structures in the P 3 1 , 
D35, and P 1 3 partial waves between 1400 and 
1700 M e V / c . 1 (b) Chan has studied the dy­
namical interplay between two nearby r e s o ­
nance poles of the same quantum numbers. 
Data on the A - meson have been discussed on 

3 * 
this bas i s , (c) Mathews has used the Khuri-
Treiman dispers ion relation to numerically 
calculate the pion distribution in the decay 
K-* 3ir in t e r m s of the mr scattering ampl i ­
tude. Inclusion of both P and S waves allows 
agreement with observed data. 

1. R. D . F i e ld , J r . , Energy Continuation of 
an Energy -Independent Pion-Nucleon P h a s e -
Shift Analysis for 385 to 1700 MeV/c , Lawrence 
Radiation Laboratory Report UCRL-20250, Feb. 
1971; R. D . F ie ld , J r . , Evidence for the 
Poss ib le Exis tence of New Narrow Inelastic 
Pion-Nucleon Resonances in the Mass Range 
1400-1700 MeV, Lawrence Radiation Laboratory 
Report UCRL-20616, Mar. 1971. 
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2. C. F . Chan, Model of the Interaction Be­
tween Two Resonances, Lawrence Radiation 
Laboratory Report UCRL-20051 R e v . , Dec . 
1970. 
3 . C. F . Chan, Some Comments on the A^ 
MeBons, Lawrence Radiation Laboratory 
Report UCRL-20206, Dec. 1970. 

Fie ld-Theoret ical Studies 

In addition to particle theory r e s e a r c h 
based directly on the S-matrix concept, there 
i s substantial LBL activity employing the notion 
of interactions localized in space - t ime . For 
weak and electromagnetic interactions, the 
local-field (or current) concept plays an in­
dispensable ro le . For strong interactions such 
concepts may not be required, but currents 
have proved useful in the formulation of certain 
models . r*ar models where the smal l pion 
mass i s crucial , for example, it i s often useful 
to assoc iate a local current with the pion and 
then to employ, the techniques of current algebra. 

Suzuki and collaborators have been investi­
gating a variety of problems involving strong, 
weak, and electromagnetic interactions, using 
f ield-theroetical sum rules , (a) Langacker 
and Suzuki have derived a c lass of inequalities 
for the integrated e e~ cross section for an­
nihilation into hadrons through one photon. 
The inequalities are applied to es t imate a 
lower bound on the hadronic contribution to the 
muon magnetic moment and a l so to teat some 
predictions on the asymptotic behavior of the 
annihilation cross section, (b) Langacker has 
shown that a large value for the parameter \ 
of K,_ decays ( e . g . X. =0.045) ia not compatible 
with p saturation of the isovector e l ec tro ­
magnetic current spectral function. A l s o d i s ­
cussed have been implications for the Weinberg 
mass rules and c-number Schwinger t e r m s , 
(c) Shei anr> Suzuki have derived s u m rules 

for differential inclusive cross sect ions from 
current-algebra equal-time commutation re la -
tions. The sum rules hold at high energies 

and relate integrated cross sections for dif­
ferent charge states of the detected secondary. 

Dubovoy, Langacker, and Suzuki have 
investigated weak-interaction contributions to 
two-hadron reactions in the energy'region 
access ib le to the NAL accelerator. -. The stand* 
ard current X current model was employed to 
calculate differential cross sections (including 
polarization effects) for strangeness-changing 
p r o c e s s e s , a s we l l a s the interference .of weak 
with strong amplitudes in "allowed" react ions . 

Moorhouse and collaborators 4 have been 
studying high-energy pion photoproduction, 
where striking regularities have been observed 
that are not accommodated by s imple Regge-
pole m o d e l s . Dispersion relations in this work 
are supplemented by a quark model . . 
Moorhouae' s approach i s not real ly f ield theo ­
retical , but in using the quark concept i t goes 
beyond 5-matr ix theory. 

A hybrid approach also has been employed 
by Shei and T o w 5 ' 6 in constructing a mul t i -
pheripheral model of deep inelast ic e l ec tron-
nucleon scattering. Baryon links in the mult i -
peripheral chain here are assigned the partem 
role of "pointlike" photon absorbers . 
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Scattering, Lawrence Radiation Laboratory 
Report UCRL-20677, Apr. 1971, to be pub­
l ished in P h y s . Rev. 

PARTICLE ACCELERATORS 

Theoret ical aspects of the des ign and 
operation of high-energy particle accelerators 
form the major research interests of four of 
the Theoret ical Gro-ip Benior staff. Within 
the last y e a r , almost all of the effort of these 
men has been devoted to support of the LBL 
Electron-Ring Accelerator (ERA) project . 

Work not associated with the ERA project 
has included contributions by A . Garren to the 
des ign of the LLL 5-MeV storage ring; partici­
pation by A . Garren, L. Smith, and A. Sessler 
in the SLAC Summer Study of Supersloop; and 
a f irst look at a proton-electron-positron 
colliding beam system. 

The major portion of the ERA work has 
been in support of the present experimental 
program on ring formation (Compressor 4), 
with some effort devoted to preparation for 
experiments on ring acceleration (Compressor 
5), and some small effort devoted to consider-

3 4 ation of aspects of ful l -scale acce lerators . ' 
In connection with Compressor 4 , s ing le -
particle dynamics has required a certain 
amount of attention, but a lmost a l l of the 
theoretical effort has gone into the study of 
beam instabil i t ies . 

The concentration of effort upon coherent 
instabil i t ies was most natural, a s during the 
year the experimental ERA work w a s dominated 
by the identification and study of those instab­
i l i t ies which severely limited the formation or 
rings of high intensity and good quality. Un­
stable oscil lations can be suppressed by 
suitably designing the surrounding wall struc­
ture (as was described in a review paper and 

extensively studied analytically and computa-
8 9 

Uonally ' ) , and by enhancement of the Landau-
damping coefficients that measure the extent 

to which spread in particle parameters acts 
10 11 12 to detune the resonance. ' Work was 

a lso devoted to developing measurement tech­
niques for elucidating the nature of a coherent 
instability, 1 3 , 1 4 
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A. Ses s l er , An Analog Method for Measuring 
the Longitudinal Coupling Impedance of a 
Relativist ic Beam With Its Envirnoment, 
Lawrence Berkeley Laboratory Report LBL-43, 
Aug, 1971, to be published in the Proceedings 
of the VlHth International Conference on High 
Energy Accelerators , CERN, Geneva. 
14. D. MShl and A. Sess ler , The Use of R F -
Knockout for Determination of the Character­
i s t i c s of the Transverse Coherent Instability 
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NUCLEAR PHYSICS 

For many years Swiatecki and Ms c o l ­
laborators have been concerned with the prop­
erties of nuclear matter. At present their 
work i s on two leve ls . First , s e v e r a l concrete 
problems in nuclear structure are being in­
vestigated, some in collaboration with m e m ­
bers of the Nuclear Chemistry Div is ion . The 
underlying theme in this work i s the unification 
of nuclear theory, a guiding prinicple being the 
ordering of nuclear effects according to the 
magnitude of the relevant energy t e r m s in the 
Hamiltonian. An energy hierarchy i n decend-
ing powers of the cube root of the nuclear mass 
number A i s found to be useful, t e r m s of 
order A, A ' , A ' being as soc ia ted with 
macroscopic (collective) aspects of nuclear 
structure, and terms of order A , . . . A 
involving microscopic (single-particle) features. 

The semiempirical theory of nuclear 
m a s s e s , s i z e s , and shapes, formulated by 
Myers and Swiatecki some years ago, embodies 
this approach, and work on these static aspects 
of unclear structure continues. More recently, 
a beginning in the formulation of the dynamics 
of heavy-ion collisions has been made . The 
immediate stimulus here i s the need to develop 
guidelines for the projected attempts to produce 
superheavy elements by heavy-ion bombardments. 

A second set of problems i s m o r e loosely 
related to possible applications in nuclear 

phys ics . One study that has gone on for a 
number of y e a r s i s the classification and anal­
y s i s of the configurations of equilibrium of 
rotating, gravitating, or charged fluid m a s s e s , 
endowed with a surface tension. Another study, 
carried out together with J. Lindhard concerns 
the stability of extremely heavy nuclear sys tems 
with atomic numbers in the thousands or m o r e . 
In particular, the stability of hollow sys t ems 
(nuclear ' soap bubbles') was investigated. It 
was found that when the atomic number e x ­
ceeds (in order of magnitude) the three-halves 
power of the reciprocal of the f ine-structure 
constant, the atomic electrons surrounding the 
nucleus become highly relativistic and coir 
lapse onto the nuclear soap bubble. The hollow 
electron cloud thus formed, which may be. 
treated as a relativistic Thomas-Fermi g a s , ... 
screens off the nuclear charge and appears to 
restore to the combined system of nucleons 
and e lectrons the attributes of neutral stability 
against disintegration. Whether this i s suffi­
cient to endow such structures with a finite 
probability of existence in the universe , and, 
how one would search for them, has not been -
analyzed. 

1 . W. J . Swiatecki, F i ss ion and Fusion' 
Dynamics , talk given at the Ebeltoft Conference, 
Ebeltoft, Denmark, May 19, 1971. 

ATOMIC PHYSICS 

Members of the Theoretical Group have 
been concerned with a variety of problems in 
atomic p h y s i c s . In particular, because of 
recent p r o g r e s s in the measurement of the fine-
structure constant, using the. Josephson effect, 
there has been interest in theoretical work 
which leads to the determination of a p r e c i s e 
value by other means . Thus Daley and Schwartz 
have made relativist ic and nuclear-motion 
correct ions to the fine structure of the 2 P 
state of he l ium which wil l al low a determination 
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of the fine-structure constant to an accuracy of 
one part in a million. 

Related work by Wichmann and Mohr i s 
concerned with radiative corrections to the 
energy l eve ls of an electron in a strong 
Coulomb field. 

In connection with experiments by Marruj 
2 

and Schmieder at the HtLAC, Schwartz has 
made an accurate analysis of the magnetic 
dipole decay of the i s 2s S state in two-
electron atoms. This work i s in good agree­
ment with experiment. 

There have been studies by Watson and 
his collaborators on the coll iaional excitation 
of hel ium ions by atomic hydrogen. The cross 
sect ion for the excitation of atomic hydrogen 
to the 2p state has also been determined. 
Watson has a lso studied the scattering and 
energy l o s s of light in rarefied media. This 
work i s of interest for the propagation of light 
in intergalaetic and interstellar media 

1 . B . N. Taylor. W. H. Parker , D . N. 
Langenberg, R e v . Mod. P h y s . 4 1 , 375 (1969). 
2 . R. W. Schmieder and R. Marrus , Rela-
t ivist ic Magnetic Dipole Emiss ion: Lifetime 
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Lawrence Radiation Laboratory Report 
tICRL-19948, Aug. 1970. 

PLASMA PHYSICS 

Two theorists are active in the field of 
plasma physics , Kaufman and Watson. Kauf­
man and h i s co-workers are concentrating on 
the interaction processes among collective 
modes , and between particles and i rodes . 
Recent research includes (1) resonance 
broadening for discrete-mode interactions; 
(2) part ic le-mode interactions in cylindrical 
s y s t e m s , and the consequences thereof; (3) 
diffusion theory for damped and growing waves; 

(4) stability studies for gravitational systems; 
(5) evolution of large amplitude waves in non­
uniform media; (6) diffusion p r o c e s s e s in 

toroidal s y s t e m s . 
Watson and his students Kuo and Lau have 

been concerned with the propagation of e l e c ­
tromagnetic waves in p lasmas . 

GRADUATE STUDENTS 

The major fraction of the research r e ­
ported h e r e i s carried out by graduate students 
working to complete the requirements for the 
Ph . D. degree in theoretical phys i c s . During 
the past year there have been 20 to 25 graduate 
students in the Theoretical Croup, of which 
about one -third are supported by University 
funds. During this year, 10 students have 
completed requirements for tt.* Ph . D . degree. 

As in most research groups, there are in 
ours a s m a l l number of disconnected research 
efforts which do not conform to the pattern of 
this report . Such research i s carried out by 
theoris ts who a l so contribute to the thrust of 
our principal programs. Examples of this 
work include the following studies: 

(a) Work by Coakley and Watson on the 
factors which influence the earth' s c l imate. 
These theor i s t s are engaged in an effort to 
determine the relation between the earth' s 
orbital parameters , which influence the solar 
flux, and i t s climate. 

(b) Studies by Lepore and Riddell dealing 
with hydrodynamic instabilities and the turbu­
lent transport of heat. 

PUBLICATIONS AND PAPERS 

1. B . D. I . Abarbanel, C. F . Chew, M. L. 
Goldberger, and L. M. Saunders, Phys . Rev. 
Letters 25 , 1735 (1970). 

2 . G. S. Abrams and U. Maor, Phys . Rev. 
Letters 2 5 , 621 (1970). 

3. R. W. All ison, R. T. Avery, W. R. 
Baker, W. W. Chupp, E . C. Hartwig, H. P . 
Hernandez, D. Keefe, G. R. Lambertson, 



-69-

L. J. Laslet i , A. U. huccio, W. A . Perkins , 
J. M. Peterson , W. W. Salsig, A. M. S e s s -
ler , and F . Voelker, The Electron-Sing A c ­
celerator Program at LEX, in Proceedings of 
Soviet National Conference on Acce lerators 
±. 54 (Moscow, 1970). 

4 . D. M. Austin, W. H. Greiman, and W. R. 
Rarita, P h y s . Rev. D2, 2613 (1970). 

5. Daniel R. Avalos, Inclusion of the Pseudo-
scalar Meson Octet in the ABFST Multiperiph-
eral Model, Lawrence Radiation Laboratory 
Report UCRL-20810, May 1971; submitted to 
Phys. Rev. 

6. R. T . Avery and L. J. Laslett , Eddy Cur­
rents , Landau Damping Coefficients, and Their 
Implications in Electron-Ring Compressor De­
sign, Lawrence Radiation Laboratory Report 
UCRL-20684, July 1971, submitted to the 
Proceedings of the VTSth International Confer­
ence on High Energy Particle A c c e l e r a t o r s . 

7. J. Ball , H. Mailer, and B. Pa l , Pole-Cut 
Parametrization of Charged Pion Photoproduc-
tion in T e r m s of Complex Conjugate P a i r s of 
Regge P o l e s , Lawrence Radiation Laboratory 
Report UCRL-20057, Aug. 1970. 

8. J. S. Ball and G. Marchesini, P h y s . Rev. 
D2, 2665 (1970). 

9. I. Barbour, W. Malone, and R. G. Moor-
house, Charge Ratios in High Energy Photo-
production, Lawrence Radiation Laboratory 
Report UCRL-20635, Mar. 1971. 

10. Richard C. Brower and J. H. Weis , Phys . 
Rev. D3, 451 (1971). 

11. R. A . Bryan and A. Cersten, A Relativ-
is t ic Treatment of N-N Low-Energy Scatter­
ing, submitted to the Amsterdam International 
Conference on Elementary Part i c l e s , June 30-
July 6, 1971. 

12. R. A. Bryan and A. Gersten, Po lar i za ­
tions Experiments. in Nucleon-Nucleon Scatter­

ing to Tes t T ime-Reversa l lnvariar.ee, sub­
mitted for publication in the proceedings of 
the Und International Conference on Polarized 
Targets , Berkeley , California, August 30-
September 2 , 1971. 

13. Ronald Bryan and Alexander Gersten, I s . 
T i m e - R e v e r s a l Invariance Violated in Strong 
Interactions ? , submitted for publication i n the 
proceedings of the IVfli International Confer­
ence on Hig, -Energy Physics and Nuclear 
Structure, Dubca, USSR, September 7 -11 , 
1971. 

14. Robert N. Cahn and Y. S. Taai, P h y s . 
Rev. D2. 870 (1970). 

15. L, Caneschi , D. E . Lyon, J r . , and C. G. 
Risk, P h y s . Rev. Letters ,25, 774(1970) . 

16. C. F . Chan, Model of the Interaction 
Between Two Resonances , Lawrence Radiation 
Laboratory Report OCRL-20051 R e v . , Dec . 
1970. 

17. C, F . Chan, f a m e Comments on the A , . 
Mesons, Lawrence Radiation Laboratory 
Report UCRL-20Z06, Dec. 1970. 

18. C. F . Chan, Estimation of the A s y m p ­
totic Pseudosca lar Meson-Baryon Total Cross 
Section from the ABFST l&ttiperipheral 
Model, Lawrence Berkeley Laboratory Report 
LBL-6, July 1971. 

19. C . K. Chen, I s It Possible t o Generate a 
Physical p Meson with no CDD P o l e s ? , Law­
rence Berkeley Laboratory Report L B L - 5 , 
July 1971, submitted to Phys. Rev . . , 

20. J. C. Y- Chen, C.-S. Wang-, and K. M. 
Watson, P h y s . Rev. A l , 1150 (1970*. 

2 1 . Joseph C- Y. Chen, Charles J» Joachain, 
and Kenneth M. Watson, Electronic Trans i ­
tions i n Slow Coll is ions of Atoms and Mol­
ecu le s . IV. MoMstate Eikonal Approximation 
for Quasi-Adiabatic Transitions, Lawrence 
Berkeley Laboratory Report LBL-26, July ._,,-

http://lnvariar.ee


-70-

1971, submitted to Phys . Rev. 

2 2 . Joseph Chen, Charles Joachain, and 
Kenneth M. Watson, Excitation of Hydrogen 
by Elec tron Impact, Jane 1971, submitted to 
F h y s . Rev. 

2 3 . G. F . Chew, T. S o g e r s , and D . R. 
Snider, Phys . Rev. D2, 765 (1970). 

24 . G. F . Chew, Phys . Today 23,(10), 23 
(Oct. 1970). 

25 . G. F . Chew and D. R. Snider, Phys. Rev. 
D 3 , 420 (1971). 

26 . Geoffrey F . Chew, The Bootstrap Idea 
and the Foundations of Quantum Theory, in 
Quantum Theory and Beyond—essays and dis -
cnsaions arising from a colloquim. Ted Bastin, 
Ed . (Cambridge University P r e s s , 1971). 

27. Geoffrey F. Chew. Hadron Bootstrap 
Hypothesis , Lawrence Radiation laboratory 
Report TJCRL-20843, June 1971. 

28 . J . Coster and H. P . Stapp, J. Math. Phys . 
(N. Y). 11, 2743 (1970). 

29 . C. E . DeTar and D. R. Snider, Phy~. 
Rev. Letters 25, 410 (1970). 

30. C. DeTar, Multipberipheralism and P r o ­
duction Spectra, Lawrence Radiation Labora­
tory Report, UCRL-20056, August 1970. 

31 . Carleton E . DeTar, Phys . Rev. D3, 
128 (1971). 

32 . M. B. Einhorn, Finite-Energy Sum Rules 
for Limiting Fragmentation i n the Triple Reg-
geon Region, Lawrence Radiation Laboratory 
Report TJCRL-20688, May 1971. 

33 . A. C. Entis, A. A. Garren, and L. 
Smith, Negative Mass Instabilit ies in an E lec ­
tron Ring Compressor, IEEE Trans. Kucl. 
Sci . NS-18 (3), 1092 (June 1971). 

34 . A . C. Entis, A . A. Garren, and Dieter 
MShl, The Longitudinal Impedance of a Circu­
lar Beam Between Infinite Plane Laminated 

P la tes , ERAN-150, June 1971. 

35. R. D. Field, J r . , Energy Continuation of 
an Energy-Independent Pion- "Jucleon Phase-
Shift Analys is From 385 to 1700 M e V / c , 
Lawrence Radiation Laboratory Report UCRL-
20250, Feb . 1971. 

36. R. D . Field, Jr. and J. D. Jack&on, 
Evidence on Duality and Exchange Degeneracy 
F r o m Finite Energy Sum Rules: K"n -*ir~A 
and v n — K A, Lawrence Radiation Labora­
tory Report UCftL-20287, Feb. 1971, to be 
published in Phys. Rev. D. 

37. R. D. Field, J r . , Evidence for the P o s ­
sible Existence of New Narrow Inelastic Pion-
Nucleon Resonances in the Mass Range 1400-
1700 MeV, Lawrence Radiation Laboratory 
Report UCRL-20616, March 1971. 

38. R. D. Field, J r . , Ed. . Proceedings of the 
Workshop on Particle Phys ics at Intermediate 
E n e r g i e s , Pasadena. California. March 29-30, 
1971. Lawrence Radiation Laboratory Report 
UCRL-20655, June 1971. 

39. J. Friedman, G. Lynch, C. Risk, and 
T. Zang, J r . , An Efficient Monte Carlo Event 
Generation Method for Multiperipheral Models, 
Lawrence Radiation Laboratory Report TJCRL-
20141, Nov. 1970. 

40 . J. H. Friedman and C. G. Risk, Multi-
peripheral ism and Asymmetries of Produced 
Secondaries in Meson Baryon Coll is ions, 
Lawrence Radiation Laboratory Report UCRL-
20278, Feb. 1971. 

41 . Jerome H. Friedman and Clifford Risk, 
A Simple Tes t for the Existence of Multiperiph-
e r a l i s m at High Energy, Lawrence Berkeley 
Laboratory Report LBL-25, July 1971, sub­
mitted to Phys. Rev. Letters . 

42 . A . Garren and J. Oldson, Computer 
Simulation of ERA-Injector Transport System 
to Compressors 4 and 5, ERAN-106, Sept. 1, 
1970. 



-7 i -

43. A l Garren, Computational Studies of 
Transverse Dispersion Relation Fie lds for a 
Straight Beam in a. Circular Laminated Pipe 
with Parameters Relevant to the ERA Compres­
sor , ERAN-123, Jan. 1971. 

44 . Charles Garwin, Reconstruction of the 
Wave Function from Matrix E l e m e n t s , Law­
rence Radiation Laboratory Report UCRL-
Z0667, Apr, 1971. 

45. Charles Garwin, Conditions on the Stress 
Tensor and Poincare* Invariance i n the Inter­
action Picture, Lawrence Radiation Laboratory 
Report UCRL-Z0697, May 1971. 

46. H. Genz and J. Katz, Nuovo Cimentc 70A, 
1 (1970). 

47 . H. Genz and J. Katz, Phys . Rev. D2, 
2225 (1970). 

48 . M. Golshani, Phys. Rev. AZ. 2340 (1970). 

49 . Ralph F. Guertin, J. Math. Fhys . 12,612 
(1971). 

50. C. Harper, Green's Functions for Non­
linear Optical Absorption in Ionic Crysta ls , 
Lawrence Radiation Laboratory Report UCRL-
19876, July 1970. 

51 . C. Harper, Nonlinear Ionic Polarization, 
Lawrence Radiation Laboratory Report UCRL-
20089, Aug. 1970. 

52. Charlie Harper, Statistical Assumptions 
Used i n the Proof of Bell 's Theorem, Lawrence 
Radiation Laboratory Report UCRL-20670, Apr. 
1971. 

53 . R. D. Hazeltire, M, N. Rosenbluth, and 
A. M. Ses s l er , J. Mam. Phys . .12, 502 (1971). 

54. I . W. Herbst, One-Particle Operators 
and Local Internal Symmetries , Lawrence 
Radiation Laboratory Report UCRL-20648, 
Mar. 1971. 

55. J. D . Jackson, Duality and Exchange 
Degeneracy in High-Energy Phenomenology, 

talk at International Conference on Duality and 
Symmetry i n Hadron PhysicB, April 5-7 , 1971, 
Te l -Aviv , Israel; also Lawrence Radiation 
Laboratory Report UCRL-20806, June 1971. 

56. C. Joachain and C. Risk, Absorption 
Corrections and Multiple Scattering in the K-
Matrix Formal i sm, Lawrence Radiation Lab­
oratory Report UCRL-20114, Sept. 1970. 

57. M. Kaku and L. P . Yu, Phys . Letters 
33B, 166(1970) . 

58. M. Kaku and L. P . Yu, Phys . Rev. D3, 
2992 (1971). 

59. M. Kaku and L. P . Yu, Fhys . Rev. D3, 
3007 (1971). 

60. M. Kaku a.nd L. P. Yu, Phys . Rev. D3, 
3020 (1971). 

61. Al lan N. Kaufman, Phys. Fluids 14, 387 
(1971). 

62. Al lan N. Kaufman and Peter .S. Rostler.r 
Phys . Fluids 14, 446(1971) . ,>u . A - ,..:.;., 

63. A l lan N. Kaufman, Resonant Interactions -
Between Particle.and Normal Modes i n a Cylin­
drical P l a s m a , Lawrence Radiation Labora­
tory Report UCRL-20071 A b s . , Aug. 1970, 
submitted to the Washington APS Meeting. 

64. D . Keefe, W. W. Chupp, A . A . Garren, 
G. R. Lambertson, L. J. Laslett , A . U. 
Luccio, W. A . Perkins, J. M. Peterson , J. 
B. Rechen, and A. M. Ses s l er , NucL Instr. 
Methods 93 , 541(1971). 

65. D . Keefe, "G. R. Lambertson, L. J. Las­
lett, J. M. Peterson, W. A. Perkins , "and 
J. B. Rechen, Recent Experiments on F o r m ­
ing E lec tron Rings at Berkeley, Lawrence 
Radiation Laboratory Report UCRL-2Q183Abs., 
Dec . 1970, submitted to Particle Accelerator -• 
Conference, Chicago, 111., March 1-3, 1971; 
also ERAN-143. ' - * 

66. E . Keil , C. Pellegrini, ana A . M. S e s s -



- 7 2 -

ler, Diffraction Radiation Defocusing o£ an 
Electron Ring, Lawrence Radiation Laboratory 
Report UCRL-200 69, Aug. 1970. 

67. Paul Langacker and Mahiko Suzuki, Total 
Cross Section for Electron-Positron Annihila­
tion and the Hadronic Contribution to the Muon 
Magnetic Moment, Lawrence Radiation Labora­
tory Report UCE.L- 20608 Rev . , June 1971. 

68. Paul Langacker, The Isovector Spectral 
Function and K . . Decays , Lawrence Radiation 
Laboratory Report UCRL-20831, June 1971. 

69. L. J. Laslett and A. M. Sess ler , Com­
ments on Nuclear and Particle Physics 4, 211 
(1970). 

70. L. J. Laslett and W. A. Perkins, Beta­
tron Amplitude Growth Upon Traversing R e s ­
onances During the Compression Cycle of an 
Electron Ring Accelerator , Lawrence Radi­
ation Laboratory Report UCRL-Z0143, Nov. 
1970, to be published in Nucl. Instr. Methods; 
also ERAN-118. 

71. L. J. Laslett, On the Surface Resist ivity 
of a Thin Conducting Strip, ERAN-92, July 2, 
1970. 

72. L. J. Laslett, High-Order Derivatives of 
the Median-Plane Fie ld , ERAN-98. July 20, 
1970. 

73. L. J. Laslett, F ie ld Index from Coils 1A, 
ERAN-99, July 20, 1970. 

74. L. J. Laslett , On An Analytic Solution 
for Radial Motion When X 1 Terras are Included, 
EaAN-<a2, Aug.. 12, 1970. 

73 . h. J* Laslrtt aod VT. A- Perkins, High-
Cedar Field*Derivatives from (JjB "Belly-Band"-' 
S*rip, E R A R - K H , A\sg- 'Si, 19T0. 

76. L. J. {*&>?», FOURD—A Computer Pro­
gram for BvJiiuatJiia feign-Order Derivatives 
of the Median-Plana F k l d in Compressor IV, 
E R A N - m , Aug. 7, 1970. 

77. L. J. Laslett, Supplement to ERAN-104, 
Concerning Programs FOURD and FOURB, 
ERAN-109, Sept. 23, 1970. 

78. L. J. Laslett, On the Solid Angle Sub­
tended by a Circle, ERAN-110, Oct. 5, 1970. 

79. L. J. Laslett, The Effect of Resistive 
Slab3 on the Quality Factor of a Simple Res ­
onator, ERAN-111, Oct. 8, 1970. 

80. L. J. Laslett , On the Variation of Radial 
Oscillation Frequency with Amplitude in the 
Compressor IV Device , ERAN-119, Dec. 8, 
1970. 

81. L. J. Laslett, Computed Values of 
( 1 - v R ) f„ in Compressor IV-, ERAN-120, Dec. 
9, 1970. 

82. L. J. Laslett, Arithmetic Pertaining to 
Landau Damping for Compressor IV, ERAN-
121, Dec. 9, 1970. 

S3. L. J. Laslett, Axia l Growth at the Res ­
onance v =v , ERAN-124, Jan. 13, 1971. 

r z 
84. L. J. Laslett , Computed Influence of 
Eddy Currents on the Landau-Damping Coeffi­
cient 8 S - / 9 E in the Projected Compressor V, 
ERAN-126, Feb. 11, 1971. 

85. L. J. Laslett , DKABR, A BRF Teletype 
Program for Computing the Vector Potential 
and Radial Field Component of the Long Sole­
noid and Ten Additional Axially-Symmetric 
Coi ls , ERAN-127, Mar. 1, 1971. 

86. L. J. Laslett, on a Computational Method 
for Determining the Shielding Effect of Paral­
l e l Conducting Side P la te s on the Inflection 
Field of Compressor IV, ERAN-128, Mar. 15, 
1971. 

87. L. J. Laslett , Est imated Perturbation 
Produced in the Magnetic Fie ld of Compressor 
IV by a Wide, Non-Shorted Belly-Band Strip 
with a Radius of 22.5 c m , ERAN-130, Mar. 22, 
1971. 



-73-

88. L. J. Laslett , The Low-Harmonic Radi­
ation from a Relativist ic Charge on a Circular 
Orbit, ERAN-138, Apr. 12, 1971. 

89. L. J. Laslett , Correction to ERAN-74 
Concerning the Sum Resonance v +'Zv = 2 , 
ERAN-139, Apr. 14, 1971. 

90. L. J. Las l e t t , Concerning Numerical 
BO 

Evaluation of t j . K - / , ( x ) dx , to Implement 
Describing the Spectral Distribution of Syn­
chrotron Radiation, ERAW-14Z, Apr. 26, 1971. 
91. L. J. Laslett , A. Further Remark Con­
cerning H, -Focuss ing , ERAN-144, May 3, 
1971. 

92. L. J. Laslett , Concerning the Potential 
Utility of Hg-FocuBsing for Reducing the Dif­
ficulty of Maintaining Adequate Values for the 
Landau-Damping Coefficients Associated with 
Transverse Collective Oscillations, ERAN-
145, May 17, 1971. 

93. L. J. Laslett , Approximate Computa­
tional Simulation of n, or Trajectories in an 
Electron-Ring Compressor, Similar to Com­
pressor V, with an Auxiliary H , - Field, ERAN-
147, May 28, 1971. 

94. L. J. Laslett , Concerning a Comment of 
Dr. Peter Merkel in Regard to the Focuss ing 
Action of a Supplemental H, - Field 'When the 
Electron Ring i s in Motion, ERAN-148, May 
26, 1971. 

95. L. J. Laslett , On-Line-Computation of 
Magnetic-Field Quantities for Axial iy-Sym-
metric Coils Programs SOOLE and SPULE, 
ERAN-151, June 24, 1971. 

96. L. J. Laslett , A Further Comment Con­
cerning the Focussing Action of a Supplemental 
H , - Field When the Electron Ring i s i n Mo­
tion, ERAN-153, June 28, 1971. 

97. L. J. Laslett , Interactive Teletype P r o ­
grams for Computing the Self and Mutual Induc­
tances of Axial ly-Symmetric Coi l s - -Programs 

LANDM and DANDF, ERAN-154, June 3 0 , 1 9 7 1 . 

98. L. J. Laslett , Long-Term Stability for 
Particle Orbits, i n Proceedings of Soviet 
National Conference on Accelerators . Vol . n 
(Moscow, 1970). 

99. L. J. Laslett and IT. Schumacher, The . 
Enhancement of Landau-Damping Coefficients, 
for Collective Radial Instabilities in an E l e c ­
tron-Ring Acce lerator by Ancillary 0 , - F i e ld ; ' 
Lawrence Radiation Laboratory Report UCRL-
20855, June 1971, submitted to the proceed­
ings of the Vmth International Conference on 
High Energy Part ic le Accelerators; a l so , : T 

Some Examples for Maintaining Adequate 
Landau-Damping Coefficients and Avoiding 
Crossing of Dangerous Resonances by an Addi­
tional B, - Field i n Compressor V, ERAN-149, 
June 1, 1971. 

100. Chau-wa Lau and Kenneth M. Watson, 
J. Math. Phys . .11. 3125(1970), 

101. Chau-wa Lau, Multiple Scattering of 
Electromagnetic Wave In An Underdenae P l a s ­
ma and the Radiation Transport Equation.(Ph. 
D. thesis) , Lawrence Radiation Laboratory 
Report TTCRL-20689, Apr. 1971. 

102. Joseph V. Lepore and Robert J. RiddelL 
J r . , Relat ivist ic Spin-Zero Wave Equations,, ... 
Lawrence Radiation Laboratory Report UCRL-
20838, June 1971. . ' , . , , . * 

103. D. E . Lyon, J r . , C. Risk, and D. M. 
Tow, Phys . Rev. D 3 , 104 (1971). -

104. Robert D. Mathews, Final State Inter­
actions in the Three -P ioh Decay of K Mesons " 
(Ph.D. thes i s ) , Lawrence Radiation Labora­
tory Report TJCRL-20247, Jan. 1971. 

105. R. G. Moorhouse, Partial Wave Anal­
ys is and Experiment in vN Reactions,' Law­
rence Radiation Laboratory Report TJCRU- '_i 
20655, June 1971, published in the proceedings 
of the Workshop on Part ic le Physics at Inter-



-74-

mediate Energ ies , Pasadena, California, Mar. 
29-30, 1971 . 

106. T. J. Nelson and R. H. Good, J r . , 
J. Math. P h y s . (N.Y.) 11, 1355 (1970). 

107. B. K. Pa l , Nuovo Cimento Letters 4 , 
913 (1970). 

108. Blake Patterson, Phys. Fluids 14, 1127 
(1971). _ 

109* Blake Patterson, Exact Nonlinear Evolu­
tion of Alfven Modes in the Guiding-Center 
Model, Lawrence Radiation Laboratory Report 
UCRL-20072 A b s . , Aug. 1970, submitted to 
the Washington APS Meeting. 

110. C. Pel legrini and A. M. S e s s l e r , Dif­
fraction Radiation of an Electron Ring, ERAN-
93, July 1970. 
111. C. Pel legrini and A. M. S e s s l e r , Nucl. 
Instr. Methods 84, 109 (1970). 

112. C. Pel legrini and A. M. S e s s l e r , Nucl. 
Instr. Methods J 6 , 273(1970). 

113. C. Pel legrini and A. M. S e s s l e r , Nuovo 

Cimento 3A> 116(1971). 

114. J. M. Peterson, W. W. Chupp, A. A. 
Garren, D . Keefe, G. R. Lambertson, L. J. 
Laslett , W. A. Perkins, and A. M. S e s s l e r , 
The Electron-Ring Accelerator Program at 
Berkeley, Lawrence Radiation Laboratory 
Report TJCRL-20150, Oct. 1970, presented at 
2nd National Conference on Particle A c c e l e r ­
ators , Moscow, USSR, November 11-18 ,1970 . 

115. C. Quigg, Two-Reggoon Exchange Con­
tributions to Hadron Amplitudes at HighEnergy 
(Ph. D. thes i s ) , Lawrence Kadiation Laboratory 
Report UCRL-20032, Sept. 15, 1970. 

116. C. Quigg, Nucl. Phys. J g 9 , 67 (1971). 

117. 1. RamaRao and C. R. Smith, Phys . Rev. 
A2, 843 (1970). 

118. W. R. Rarita, Fhys. Rev. D l , 3185 
(1970). 

119. E . A. Rauscher, A Set of Generalized 
Heisenberg Relations and a New Form of 
Quantization, Lawrence Radiation Laboratory 
Report UCRL-19893, Aug. 1970, revised Dec . 
1970 (to be published in Phys. Rev . ) . 

120. E . Rauscher, Bootstrap and a Uniform 
Formal i sm of the Four Force F ie lds , Law­
rence Radiation Laboratory Report UCRL-
20068, Aug. 1970, submitted to Proceedings 
of the Cambridge Philosophical Society. 

121. E , A. Rauscher, A Possible Group 
Theoretical Representation of the Generalized 
Heisenberg Relations, Lawrence Radiation 
Laboratory Report UCRL-20048, Sept. 1970, 
to be submitted to J. Math. Phys. 

122. E . RauBcher, Quantized P lasmas , Law­
rence Radiation Laboratory Report UCRL-
20136 A b s . , Oct. 1970, for APS Stanford 
Meeting December 28-30, 1970. 

123. E . A . Rauscher, Quantized Force and 
Length and the Structure of Space-Time, 
Lawrence Radiation Laboratory Report UCRL-
20275 A b s . , Feb . 1971, submitted for APS 
Washington, D . C . , Meeting April 26-29 , 
1971. 

124. E . A . Rauscher, A Possible New Form 
of Quantization of Atomic Quantities, Law­
rence Radiation Laboratory Report UCRL-
20637, Mar. 1971 (to be published in Nuovo 
Cimento). 

125. E . A . Rauscher, A Unifying Theory of 
Fundamental P r o c e s s e s , Lawrence Radiation 
Laboratory Report UCRL-20808, June 1971. 

126. C. G. Risk, Phys. Rev. D2, 387 (1970). 

127. Clifford Risk and Jerome H. Friedman, 
Phys . Rev. Letters 2_7, 303 (1971). 

128. C. G. Risk, Phys. Rev. D3, 546 (1971). 

129. C. G. RiBk and J. H. Friedman, Com­
parison of an Inclusive Multiperipheral Model 



-75-

to Secondary Spectra in p-p Collisions! Law­
rence Radiation Laboratory Report UCRL-
20199, Mar. 1971. 

130. Clifford Risk, Quantitative Regge Ex­
pressions with Scaling for Experimentally 
Measured Fast ir , K Inclusive Spectra and 
Relation to Backward Elastic Data, Lawrence 
Radiation Laboratory Report UCRL-20841, 
June 1971. 

131. A. M. Sessler, Beam-Surrounding Inter­
actions and the Stability of Relativistic Par ­
ticle Beams, IEEE Trans. Nuel. Sci. NS-18 
(3), 1039 (June 1971). 

132. S.--S. Shei and D. M. Tow, Phys. Rev. 
Letters 26, 470 (1971). 

133. Sun-Sheng Shei, Phys. Rev. D3, 1962 
(1971). 

134. S.-S. Shei and D. M. Tow, Multiperiph-
eral Theory of Deep Inelastic Electron-Nucleon 
Scattering, Lawrence Radiation Laboratory 
Report UCRL-20677, Apr. 1971, submitted to 
Phys. Rev, 

135. Sun-Sheng Shei and Mahiko Suzuki, Cur­
rent Algebra Sum Rules for Cross Sections of 
Inclusive Experiment, Lawrence Radiation 
Laboratory Report UCRL-20819, May 1971, 
submitted to Phys. Rev. Letters. 

136. Dennis Sivers, Phys. Rev. D2, 2048 
(1970). 

137. Dennis Sivers, Phys. Rev. D3, 2275 
(1971). 

138. M. J. Smith, Quasi-Photo and Quasi-
Electron Dispersion Relations, Lawrence 
Radition Laboratory Report UCRL-Z0095, Oct. 
1970. 

139. D. R. Snider and D. M. Tow, Phys. 
Rev. D3, 996 (1971). 

140. Henry P. Stapp, Nuovo Cimento 66A. 
497 (1970). 

141. Henry P . Stapp, S-Matrix Derivation, of 
the Motion of an Electron in an External Elec­
tromagnetic Field, Lawrence Radiation Lab­
oratory Report UCRL-20211, Nov. 1970. to ' 
be published in Nuovo Cimento. 

142. Henry p . Stapp, Copenhagen Interpreta­
tion and the Nature of Space-Time, Lawrence 
Radiation Laboratory Report UCRL-20294, 
Feb. 1971, submitted to Am- J- Phys. 

143. Henry P . Stapp, Phys. Rev. D3, 1303,. 
(1971). i , ; ; . , ; ; 

144. Henry p . Stapp. Phys. Rev. D3. 3177 
(1971). 

145. W. J. Swiatecki, in Nuclear Reactions 
Induced by Heavy Ions. R. Bock and W. R. 
Hering, Eds. (American Elsevier, New York, 
1970), p. 729. 

146. W. J. Swiatecki, Fission and Fusion 
Dynamics, talk given at the Ebeltoft Confer­
ence, Ebeltoft, Denmark, May 19, 1971. 

147. P. D. Ting. Phys. Rev. D2, 2982 (1970). 

148. D. M. Tow, Phys. Rev. D2, 154 (1970), 

149. V. Waluch, S. Flatte, J. H. Friedman, 
and D. Sivers. A Detailed Comparison of the 
Generalized Veneziano Model with Data on 
K+p—ir+pK° at 12 GeV/c, Lawrence Radiation 
Laboratory Report UCRL-20107. Feb. 1971. 

150. Kuo-Hsiang Wang, J. Math. Phys. _il, 
2077 (1970). 

151. B. R. Webber, F . T. Solmitz, F . S. 
Crawford, and M. Alston-Garnjost, Phys. 
Rev. D3, 64 (1971). 

152. B. R. Webber, Phys. Rev. 33 , 1971 
(1971). 

153. B. R. Webber, Multiperipheral Model 
Predictions Concerning Pion Production in 
High Energy Collisions, Lawrence Radiation 
Laboratory Report UCRL-20834, June 1971. 

154. L. P . Yu. Phys. Rev. D2, 1010 (1970). 



-76-

155. L. P. Yu, Phys. Rev. D2, 2256 (1970). 

156. L. P. Yu, General Trees and General 
Loops in the Unitarization of the Dual Res­
onance Model (Ph. D. thesis), Lawrence Radi­
ation Laboratory Report UCRL-20272, Feb. 
1971. 

157. L. P. Yu, A Simple Parton Dual Res­
onance Model for Electroproduction and Lepton-
Pair Annihilation Processes With the Incorpo­
ration of Final-State Interaction, Lawrence 
Radiation Laboratory Report UCRL-20610, 
Mar. 1971, to be published in Phys. Rev. 

158. L. P. Yu, Predictions of the Parton 
Dual Resonance Model for the Total Cross Sec­
tion of Electron-Positron Annihilation Into 
Badrons, Lawrence Radiation Laboratory Re­
port UCRL-20646, Mar. 1971, to be published 
in Phys. Rev. 

159. L. P. Yu, Parton Dual Resonance Model 
for the Lepton-Hadronic and the Colliding-
Beam Inclusive Reactions, Lawrence Radiation 
Laboratory Report UCRL-20803, June 1971. 

160. L. P. Yu, On the Scaling Laws in Strong 
Interaction and in the Electromagnetic Inter­
action of Hadrons, Lawrence Radiation Lab­
oratory Report UCRL-20827, June 1971. 



-77-

ATOMIC BEAM GROUP 

Howard A. Shugari in charge 

The research effort of the Atomic Beam 
Group is directed primarily toward measuring 
some of the electromagnetic and mechanical 
properties of atoms, molecules, and nuclei, 
and toward testing various fundamental con­
cepts of physics. Most of this work is per­
formed on simple atomic systems so that the 
interpretation of results is unambiguous and 
the comparison with theoretical predictions 
especially favorable. Our methods make use 
of atomic and molecular beams, ion beams, 
optical and electron pumping, and radiation 
and particle detectors. In most cases these 
techniques are noted for their sensitivity and 
reliability. We are specially fortunate to have 
a mass-spectrometer operating on one of our 
beam apparatuses, which allows a number of 
interesting problems in stable atomic species 
to be investigated. 

HYDROGENLIKE AND HELTOMLIKE ATOMS 

Robert Schmieder and Richard Marrus 

Lifetimes and spectra of hydrogenlike and 
heliumlike ions of high Z have been determined 
by accelerating atoms down the Berkeley Hilac 
and into a beryllium-foil target. Emerging 
excited ions give off characteristic x rays that 
are detected by lithium-doped silicon detectors. 

2 
The lifetime of the 2 s.»- state of hydro­

genlike Ar-XVLH was measured by direct ob­
servation of spontaneous two-photon decay in 
a beam-foil time-of-fUght setup. Identification 
of the two-photon mode was made using photon 
counting techniques to observe the single-pho­
ton continuum and the peak resulting from sum­

ming the energies of photon pairs detected in 
coincidence. The measured lifetime, 
T{2 2 s J y 2 ) = 3.54(25)X10"9 sec (95% C. L.) . i s 
in excellent agreement with theoretical predic­
tions 1.3 

The lifetime of the IsZs 8± state of hellum-
like Ar-XVH has been measured by observing 
the decay in flight of the metattable compo­
nent of the fast foil-excited beam. The decay 
occurs predominantly by relativistie magnetic 
dipole emission, a process first discussed by 
Brett and Teller. The result, 
T(23S.) = (172*i5)X10* 9 sec (95% C. I») . i s 
compared with a recent calculation'' which 
predicts a value of 210 nsec-dose enough 
to be interesting but far enough away to en­
courage further effort. 

Hew experiments are planned on the Super-
hilac when its mortifications are completed. In 
the meantime, we are working on the instru­
mentation that will be needed. 

1. R. W. Schmieder and R. Marrua, l i f e ­
time of the 2rms/2 State of Hydrogenlike Argon, 
Bull. A. Fhya/Soc. 16. 105 (1971). 
2. R. W. Sehmieder *ni R. Marrus.-Two-
Photon Decay and Lifatimti of the 2 » l /2 State 
of Hydrogenlike Argon, Fhys. Rev, letters 
25, 1692(1970). 
"57 R. Marrus and S. W. Schmieder, Obser­
vation of the Magnetic-Dipole Decay of the 
2 3 S 4 State of Helium-Like Si XDI, S XV, and 
Ar XVH, Phvs. Letters 32A. 431 (1970). 
4. R. Marrus and R. W. Schmieder, Obser-

3-g. j 
25, 1689 (1970)7 
"57 R. W. Schmieder and R. Marrus, Relativ-
istic Magnetic Dipole Emission: Lifetime of 
ls2s 8t State of Helium-like Argon, Fhys. = 
Rev. Letters 25, 1245 (1970). 
6. R. W. Scnmieder and R. Marrus. Mag-
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netic Quadrupole Radiation by Two-Electron 
Atoms: Lifetime of the ( is2p)2 P 2 State of 
Helium-Like Argon, Bull. Am. Fhys . Soc. 
15. 1517 (1970). 

HYPERFINE STRUCTURE OF 6 9 G A 

J. Tel l in and Richard Marrus 

In recent years , several experiments 
have been reported in which e l ec tr i c f ields 
were used in the C-region of an atomic-beam 
apparatus. Some of these experiments -were 
concerned with a study of the Stark effect 
while others took advantage of the Stark effect 
as a means of tuning energy l e v e l s . In al l of 
these experiments the e lectr ic field was used 
either alone or in parallel with a magnetic 
field, except for possible accidental off-axis 
field components. Most atomic-beam exper­
iments involving e lectric fields have been on 
J = 1/2 s tates (e. g. alkalies) whose interac­
tion with an e lectr ic field i s a scalar and there­
fore independent of the field direction. More 
recently, atomic-beam electr ic- f ie ld exper­
iments involving gallium, indium, and thal­
l ium have been reported. Atomic beams of 
gall itsn and indium usually contain both the 
ground P . y 2 state and the metastable P 3 / 2 

state; and thus regardless of which state i s 

the object of study, both are present . Since 
2 

the P 3 / 7 state pos se s se s a tensor polariza-
bility, the direction as wel l a s magnitude of 
the e l ec tr i c field i s important in determining 
the combined Zeeman-Stark effect. 

Using gallium-69 as an example, we have 
examined the influence of crossed f ields on the 

P 3 / 2 state and have concluded on the basis of 
a theoret ical analysis that the observation of 
ant i - level crossing in ground and low-lying 
metastable states should be possible by the 
atomic-beam method provided transit ions be­
tween the cross ing levels lead to a refocused 
beam. Detection of anti crossing b y atomic 
beams would have the advantage that no light 

would be required, in addition to the usual ad-
i 2 vantage of beams. 

1. J. Yell in, Combined Zeeman and Stark Ef­
fect in the Hyperfine Structure of the 6 z P 3 / 2 
State of Thall ium-205 and the 4 Z P 3 /, State of 
Gallium- 69. Lawrence Radiation Laboratory 
Report UCRL-19569, Mar. 1970, submitted to 
Phys . Rev. _ 
2 . 3. Yel l in , Hyperfine Structure of the i '3 /2 
States of Gallium, Indium, and Thallium in 
Crossed E lec tr i c and Magnetic F ie lds , Law­
rence Radiation Laboratory Report UCRL-
19573, May 197a 

DIFFERENTIAL STARK SHIFT 

Joseph Yellin 

The observation of Stark splitting in opti­
cal transit ions by the atomic-beam method 
ut i l izes unpolarized Ugh', for the nature of the 
detection i s such that it i s unnecessary to e s ­
tablish a population difference among the mag­
netic sublevels of either the excited state or 
the ground state . Nevertheless, s e v e r a l ad­
vantages are gained from selective excitation 
of magnet ic sublevels by means of polarized 
light: one, i t i s possible to eliminate the need 
for the alkali D-line filters by use of a linear 
polarizer only; two, the breakdown of hyper­
fine coupling by the electric field can be e x ­
plored. 

Ces ium i s a particularly attractive system 
in which to study the effect of using polarized 
light, for due to i ts large fine-structure inter -

2 
action, two resonances (one due to the P . / , 
state and the other to the ^ 3 / 2 4 3 / 2 8 t a t e ) 
overlap, so that ordinarily i t has been n e c e s ­
sary to u s e D-iine filters to measure the dif­
ferential Stark shift in the 6 P 3 y 2 s tate . More­
over, the large e lectric fields which are needed 
for ces ium resul t in a complete breakdown of 

2 
the hyperfine coupling in the P , 1- s tate . 

Resul ts of a preliminary investigation on 
cesium show that when the light i s l inearly po­
larized perpendicular to the quantum ax i s , the 
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select ion rule A m T = ± i connects the ground 
2 S l / 2 state with both Z P 3 / 2 ± l / 2 and ZP3/2±3/2> 
and consequently we observe the differential 
Stark shift. When the polarization i s paral le l 
to the ax i s , i m y = 0, only the ^•x/z±i/z s t a t e 

can be exci ted. If file unfilfered c e s i u m lamp 
ie scanned with the light polarized perpendic­
ular to the ax i s of quantization, the high-field 

2 2 
resonance i s due to both ^ 3 / 7 4 3 / 2 a m * ^ l /Z' 
whereas if the polarization i s parallel to'fbe 
quantum ax i s , the resonance i s due only to 
2 

P . / , . Thus the two resonances m a y be sep­
arated. 

The technique should prove espec ia l ly use ­
ful when the differential Stark shifts are com­
parable to the line width of the excit ing radi­
ation or when optical fitters may not be used 
without great loss of intensity ( e . g . , when the 
fine-structure splitting i s smal l ) . 

1. J. Yell in, The Use of Polarized Light in 
the Measurement of Differential Stark Shifts 
by the Atomic Beam Method, Lawrence Radi­
ation Laboratory Report UCRL-19575, Apr. 
1970. 

METASTABLE He, Ne, Ar, Kr, Xe, H j , D 2 

Charles E . Johnson, Robert S'. Van Dyck, J r . , 
and Howard A. Shugart 

A time-of-flight technique has been used 
to investigate file lifetime of metastable states 
of He, Ne , A r , Kr, Xe, H , , and D«. The 
technique w a s originally developed to measure 
the two-photon, radiative lifetime of Hie 2 S 
metastable state of He. 

After passing from a cooled source , he­
lium atoms are excited by a pulsed, antiparal-
l e l e lectron beam. The atomic beam then con­
tains not only ground state hel ium atoms but 

3 
also metastable atoms in both the 2 S . and the 

4 * 2 S s ta tes . The metastable atoms are d e -0 
tected at two positions, 1.9 m e t e r s and 6.7 
meter s from the electron gun, by Anger e j e c ­
tion of an e lectron from a copper target , the 

f irst of which i s a 6u% transmitting m e s h . 
Ground state hel ium atoms cannot cause an 
electron to bn ejected and hence are not d e ­
tected. The time-of-flight distribution for the 
metastable 2*S state i s separated from that 

3 c 

of the 2 S . state by illuminating the beam with 
an rf-discharge hel ium lamp. The 2 ^ state 

0 
i s quenched by resonant absorption of a 20 581 
A photon, rais ing the atom to the 2 P . s tate , 

* 4 
which then decays preferentially to the S 

0 
ground state for the triplet sys tem. The t i m e -
of-fttght distribution for the 2 3 atoms i s 
therefore obtained from the difference between 
the full b e a m and the quenched beam. A c o m ­
parison of the number of 2 S metastables with­
in a given ve loc i ty interval at the two detectors 
determines the number which decay i n flight 
and yields a value for the two-photon radiative 
l ifetime. The value of the singlet l i fet ime for 

3 4 
both He and He i s 19.7 ±1.0 m s e c , agreeing 
with the theoret ical value of 19.5 m s e c , but 
disagreeing with the value 3 8 ± 8 m s e c m e a ­
sured by P e a r l using a movable detector. The 
1 .0-msec e r r o r i s an estimate of the remain­
ing sys temat ic e r r o r s in the experiment. 

After compU; Ing the measurement of the 
radiative l i fet ime of the 2 S metastable state 

0 
of He, prel iminary results have been obtained for the P and P , metastable s tates of the 0 2 3 

heavier noble g a s e s a s wel l as for the e d 
metastable state of H, and D , . The lower 
l imits for the long radiative l i fet imes of the 
heavier noble g a s e s are: T{ P) > 0 . 8 s e c for 
Ne, T( 3 P) > 1 . 3 s e c for Ar, and T ( 3 P ) > 1 . 0 s e c 
for Kr. Xe y ie lds a composite decay curve 
possibly result ing from other long- l ived states 
cascading to the P states. The present m e a ­
surements are l imited by residual gas or beam-
beam scattering, and by the length of the t i m e -
of-flight reg ion being short compared with a 
decay length. 

For H , and D - , the radiative l ifetime for 
a combination of magnetic dipole, e l e c t r i c 
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quadrupole decay of the v = 0 e Tl metastable 
3 + u 

state to the repulsive E state i s T = 1.0 ± 0 . 1 
m s e c . Experiments are in progress to extend 
our measurements on H , and D , to include HD, 
and a l so to investigate the a. TI metastable 
state of CO. 6 

1. R. S. Van Dyck, J r . , C. E . Johnson, and 
H. A. Shugart, Radiative Lifetime of the Meta­
stable Z 1 S 0 State of Helium, Phys . Rev . Let­
t e r s ZS, 1403 (1970). 
Z. Robert Spaulding Van Dyck, J r . , Radiative 
Lifetime of the Z^o Metastable State of Helium 
(Ph .D . Thes i s ) , Lawrence Radiation Labora­
tory UCRL-Z014Z, Nov. 1970. 
3 . R. S. Van Dyck, J r . , C. E . Johnson, and 
H. A . L/hngart, Radiative Lifetime of the Meta­
stable Z 1 S 0 State of Helium, Bull. A m . Phys . 
Soc. 15, 1516 (1970). 
4. R T s . Van Dyck, J r . , C. E . Johnson, and 
H. A. Shsgart, Radiative Lifetime of the Z^So 
Metastable State of Helium, Fhys . Rev. A4, 
1327 (1971). ~ 
5. R. S. Van Dyck, J r . , C. E . Johnson, and 
H. A. Shugart, Lifetime Lower Limits for the 
Metastable 3 P States of the Noble Gases , Bull. 
Am. P h y s . Soc. 16, 533 (1971). 

C. E . Johnson, Lifetime of the Metastable 
L State of H, and D,, Bull. Am. Phys . Soc. 

16, 533 (197if. 
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SPINS, HYPERFINE STRUCTURE, MAGNETIC 
MOMENT OF CESIUM ISOTOPES 

O. B. Dabbousi, M. H. Prior, and H. A. 
Shugart 

We have used the atomic-beam magnetic 
resonance method to determine the ground 
Btate nuclear spin, the electronic S . , , 
ground state hyperfine structure (hfs) separa­
tions Av, and the nuclear magnetic moments 
of 4 5 - m i n 1 Z 5 C s and 13-day 1 3 6 C s . A more 
accurate value of the hfs separation of 6.2-hr 

Cs was obtained by combining resonances 
reported previously with those reported in 
this work. Results are: 

Isotope I * " < S l / 2 > Uj (uncorr) 
(MHz) 

+ 8754(40) 

(MN) 

1 2 5 C . i / 2 

(MHz) 

+ 8754(40) + 1.40(E) 
1 2 7 C . U / 2 ) -

previously 
measured 

+ 9109(45) +1.45(2) 

1 3 6 C . 5 + 12702(28) + 3.68(4) 

Prev ious ly the method of atomic beams 
has furnished the nuclear ground state spins 
and magnetic moments for a s er i e s of ten 
ces ium isotopes with neutron numbers rang­
ing between 72 and 83. Our present measure ­
ments extend this s er i e s at the neutron-defi-

125 cient end (45-min Cs) and fi l l a gap in the 
neutron-rich end (13-day Cs) . The latter 
isotope has 81 neutrons--one l e s s than a 
closed shel l—and 5 protons outside the Z = 50 
shell . Thus, we would expect that this nu­
cleus would be spherical, at l eas t i n the 
ground s tate , and that the shel l model would 
explain the ground state spin and magnetic 
moment. Our measurements concur with this 
picture. 

The ground state spin of Cs and Cs 
cannot be explained eas i ly in t e r m s of the 
shel l model . To obtain a spin l /Z from five 
J-J coupled protons, one has to place one of 
the protons in the 3 s . / , shell or place a l l five 
protons in the h . . / , shell. Both of these pos­
sibi l i t ies are excluded by energy considera­
t ions. However, a deformed potential can ac­
count for the spin of l /Z . 

1. O. B. Dabbousi, M. H. Pr ior , and H. A. 
Shugart, Nuclear Spins of 1 2 5 C s and 1 3 6 C s , 
Hyperfine Structure Separation, and Nuclear 
Magnetic Moment of 1 2 s C s , l z 7 C s , and 1 3 6 C s 
Phys . Rev. C3, 1326 (1971). 
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RF RESONANCE TECHNIQUE 

Tetsuo Hadeishi 

The rf resonance technique, because of 
i ts high resolution, can yield a great deal of 
information about the excited states of atoms 
that cannot be obtained by c la s s i ca l techniques; 
but unfortunately, i ts application general ly r e ­
quires a very high-powered rf generator. We 
have found a way to achieve the resonance ef­
fect by means of beam-foil spectroscopy with­
out using an rf generator. Accelerated foil-
excited atoms or ions move at a re lat ively 
high velocity (a few percent of the speed of 
light) that i s reasonably uniform and quite di­
rectional. These atoms, propagating with 
velocity V through an applied spatially periodic 
e lectr ic field of period 2d, experience an o s ­
cillating frequency v given by v = V/(2d) . 
The required rf power i s given by the amplitude 
of the static spatially periodic field; i t can 
eas i ly be made extremely high. Thus the fre­
quency one can create artificially for fast at­
oms ranges from a few MHz to 10 GHz. If one 
passes the beam along the channel direction of 
the cr • • -talline foil, the frequency s e e n by the 
atom c-juid be as high as the vacuum ultraviolet 
region. Therefore, at least in principle, the 
usable frequency i s from a few MHz to the 
vacuum ultraviolet. At present, no device i s 
available that can be tuned over such a wide 
range. 

We have tested the possibility of producing 
a resonance effect by means of a spatially peri­
odic e lec tr ic field by observing the Lamb shift 
for the n = 2 level in hydrogen. The exper ­
imental result i s in complete agreement with 
the theoretical prediction. The beam-fo i l spec­
troscopy technique can also be used to detect 
rf magnetic resonance, Hanle effect, and level-
crossing effects . In order to observe such 
phenomena, it i s necessary that the excited 
atoms be either oriented or aligned. 

Since a lmost no information concerning 
the alignment of excited states by foil was 
available, we undertook last year an exper ­
imental program to provide some. One fea­
ture of the beam-foil light source i s that the 
time (or place) of excitation i s sharply defined. 
This permits the observation of quantum beats; 
such beats are a sensitive indicator of the pres ­
ence of alignment of the excited e lectronic 
l eve l s . In our experiments, in which Ne 
ions with a nominal energy of 425 keV were 
sent through a carbon foil 5 ng /cm thick, we 
found conclusive evidence that the passage of 
ions through a thin foil results in a high degree 
of alignment of the transmitted excited atoms 
and ions . We have used these observations to 
measure the mean lives and g values of e l e c ­
tronic l e v e l s . 

One of the very important features of the 
alignment of the electronic states in the beam-
foil experiment i s the possibility i t presents 
for studying the ions. In c lass i ca l optical spec­
troscopy, determining the g-values of ions i s 
very difficult because of the cyc lo tron-res ­
onance effect i n high magnetic f ie lds . (High 
magnetic f ie lds are necessary for Zeeroan ef­
fect measurement because of the Doppler 
shift .) 

However, in the quantum-beats e x p e r ­
iment, the Doppler effect contribution i s com­
pletely negligible, allowing the determination 
of g -vahies . These values can be u s e d to 
check the leve l - scheme assignments made on 
the bas i s of c lass ica l spectroscopy. F o r e x ­
ample, from g-values determined by observing 
the Ne n I'"" at 42Z0 A, we find that the pre-

4 4 o vious ass ignment of 3d D-4f D i s incorrect . 
(This w a s pointed out by Dr. W. C. Martin of 
the National Bureau of Standards.) 

1. T. Hadeishi , Resonance Effects of Fas t -
Moving Exc i t ed Atoms by Spatially Per iod ic 
Potentials , Nucl. Instr. Methods 90. 337 
(1970). 
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2. C. H. Lin, S. Bashkin, W. S. Bickel , and 
T. Hadeishi, The Alignment of Atoms and Ions 
with the Beam-Foi l Light Source, Fhys . Rev. 
Letters 26, 222 (1971). 

TEST FOR MERCURY IN FOOD 

T. Hadeishi and R. D. McLaughlin 

A problem of great importance today i s 
the detection of mercury in food, espec ia l ly in 
fish Buch as tuna and swordfish. Unfortunately, 
so far as we know, no device available can 
make a rapid analysis of mercury to about 0.1 
ppm in about 1 min without first separating the 
mercury from the host material . Because of 
•he urgent need for the detection of mercury , 
we have converted to tMs purpose a mercury 
optical-pumping nuclear magnetic resonance 
magnetometer which we had constructed ear ­
l ier to measure magnetic f ields. We were 
motivated to utilize this technique because we 
are able to observe routinely in our magnetom­
eter a magnetic resonance signal whose equiv­
alent density i s about 1 0 ' to 10 atoms per 

3 -12 
c m . This corresponds to about 10 g of 
mercury per cm . Because of the intrinsic 
sensit ivity of this apparatus and because con­
siderable work had been done to construct a 
stable, intense, sharp mercury lamp and a s ­
sociated e lectronics , we felt that converting 
the magnetometer to a mercury detector would 
be of in teres t . 

Our objective was to develop an instru­
ment that can be operated by completely inex­
perienced personnel (such as fishermen), which 
has high accuracy in mercury detection (to at 
l eas t 0.04 ppm), which i s very rapid in anal­
y s i s without any chemical separation from the 
host material , and which i s inexpensive. We 
believe that the prototype instrument we devel­
oped sat is f ies the above a ims , although the 
unit in i t s present form i s not quite portable 
because we used readily availalale mater ia l s 
rather than engineering a commercial- type 
unit. 

1. T. Hadeishi and R. D. McLaughlin, Hyper-
fine Zeeman-Effect Atomic Absorption Spec­
trometer for Mercury, Science 174, 404 (1971). 

METASTABLE L i l l E^o 

M. H. Pr ior and H. A. Shugart 

The radiative lifetime of Li II 2 So has 
been measured by counting decay photons ver ­
sus time from an ensemble of metastable Li 
ions stored in a simple electromagnetic trap 

4 

of the Penning variety. The result i s 
T __, = 503(26) usee. The error represents 
one standard deviation from the mean of a 
s er i e s of 34 separate determinations. This 
result i s i n agreement with the theoretical 
value IV. = 513 usee. 

To the authors 1 knowledge, this i s the 
first application of the ion storage technique 
to the measurement of a metastable l i fet ime. 

The method used is manifestly straight­
forward. A quantity (= 10 ) of Li ions in the 
2 S„ state i s created at t = 0. They are stored 
in an ion trap in a region ( s 3 cm ) viewed by 
photon detectors capable of counting a constant 
fraction of the decay photons which leave the 
region during the confinement t ime. These 
counts are accumulated over severa l mean 
l i fet imes after t = 0. Al l ions are then swept 
from the trap, and a new cycle begun. Many 
f i l l - s tore-dump cycles are repeated until a de­
cay curve i s built up which has sufficiently 
smal l s tat is t ical error to allow determination 
of a mean l i fet ime. 

1. M. H. Pr ior and H. A. Shugart, Radiative 
Lifetime tif Metastable L i l l 2 1 S - , P h y s . Rev. 
Letters Z_7, 902 (1971). 

POLARIZATION OF CASCADE PHOTONS 

John Clauaer, Eugene Commins, and Stuart 
Freedman 

The polarization correlation of optical 



photons emitted success ively in an atomic cas­
cade i s being measured as a t e s t for the e x i s ­
tence of local hidden variables in quantum me­
chanics. The photons are directed through 
polar izers and counted in delayed coincidence. 
An analysis of fhe coincidence rate a s a func­
tion of relative polarizer orientation yields a 
sensit ive tes t for the existence of a relativist i-
cal iy invariant substructure underlying quan­
tum theory. The ignorance af the initial condi­
tions of this substructure, i t i s hypothesized, 
give r i se to the stochastic resul ts of quantum 
mechanical measurements. Prel iminary r e ­
sults indicate the nonexistence of such a sub­

structure, 1.2 

1. J. F . Clauser, Von N eumanns Informal 
Hidden-Variable Argument, A m e r . J. Phys. 
39, 1095 (1971). 
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8. S . Marrus and R. W. Schmieder, Ob­
servation of the Magnetic Quadrupole Decay 
( 2 3 P , — l 1 ^ ) of Heliumlike Ar 3CVH and Life-
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t ime of the 2 P , State, Fhys . Rev. Letters , . 
25. 1689 (1970). 
9. R. Marrus and R. W. Schmieder, Obser­
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CONTROLLED THERMONUCLEAR RESEARCH AND PLASMA PHYSICS 

W. B. Runkel in charge 

RESEARCH PROGRAMS 

The research activity of this group in 
plasma physics and related atomic physics i s 
a part of the controlled-fusion program c e n ­
tered at Lawrence Livermore Laboratory. 
Additional information about this work i s i n ­
cluded in the Controlled Thermonuclear R e -

4 

search Annual Report. 
The theoretical development of the c o m ­

bined Zeeman and high-frequency Stark ef­
fects has been completed. This theory, which 
permits the spectroscopic measurement of the 
frequency spectrum, intensity, and polariza­
tion of sufficiently strong electric fields in a 
magnetized plasma, has been carried out by 
numerical solution of SchrSdinger' s equation 
and, when poss ib le , by simplified calcula­
tions using perturbation theory. Extensive 
numerical calculations have indicated the 
range of validity of the results of perturbation 
theory, and have enabled us to recognize s e v ­
eral pitfalls to be avoided in measuring e l e c ­
tric fields by this technique. The calculations 
have a lso been extended to include hydrogen­
like atoms, but s o far without including the 
effects of a magnetic field. 

In an experiment in which we apply a 
known high-frequency electric field to a hydro­
gen-helium p lasma, we are concluding a d e ­
tailed comparison of the experimental resul ts 
with the predictions of the theories mentioned 
above ( 3 = 0). In a beam-plasma interaction 

1. Controlled Thermonuclear Research 
Annual Report, Lawrence Livermore Labora­
tory Report UCRL-5002-70. 

experiment, studies of the electric fields' 
associated with the instability by the high-" ~ ' 
frequency Stark-Zeeman effect are continuing, 
and new instrumentation i s being developed to ' 
facilitate the studies of the temporal growth of 
the instability. 

The spectral distribution of light emitted 
or scattered from a plasma gives information 
about fluctuations in the plasma and i s there ­
fore being used for diagnostic purposes. 
Light i s characterized by phase as well a s by 
frequency, and during the last year, work was 
begun on a project designed to explore the 
possibil it ies of using phase information for 
diagnostic purposes . Preliminary studies i n ­
dicate that with phase information one should 
be able to make a loca l spectroscopic m e a ­
surement and to 'observe correlation between" 
light sources in a plasma. 

A l a s e r - p l a s m a experiment i s st i l l under 
development. Q-switched laser pulses with '" 
subnanosecond r i s e t imes and various pulse' 
lengths have been successfully, demonstrated 
by using a l a s e r osc i l lator in the TVR (Time 
Variation Reflectivity) mode, with a variable 
length cavity. This fas t pulse will be amplified 
by two 1 5 . 2 - c m ruby amplifiers before e n ­
tering the vacuum chamber. Nondestructive 
lasing in this mode requires an LTSG (Laser 
Triggered Spark Gap) which was a lso d e ­
veloped. The peak power i s expected to be 
about ZOO MW. Ordinary Q-switch lasing has 
been used to demonstrate ability to " p la sma-
rise" falling 50 -p. g la s s spheres. No spatial 
asymmetry has been observed for the 50-u. 
spheres in a 6 kG field, but the observed 
asymmetry of thin foil plasmas in the same 
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field underscores the necessity of using smal l 
pel lets to achieve containment. In an attempt 
to manufacture small pellets of frozen deu­
terium, we have developed a special re fr i ­
gerator by means of which a 50-u-diameter 
thread of sol id deuterium can be continously 
extruded into a rapidly pumped vacuum at a 
rate of a few c m per sec. The thread i s to be 
chopped into smal l pellets which then must be 
focused, funneled, or at least col l imated, so 
that they can serve as suitable target m a ­
terial in the experiment. 

In July of this year we began a program 
of research aimed at producing a high-current, 
pulsed beam of neutral deuterium for injec ­
tions into a mirror-machine experiment at 
Livermore. The goal i s to deliver a 3 0 - m s e c 
10-A pulse of deuterium neutrals (atoms and 
molecules) at 20 keV into the target p lasma 
formed in 2X II by trapping a plasma from a 
washer gun. The geometry of the experiment 
dictates a beam divergence of approximately 
± 1 deg. Since magnetic focusing of the ion 
beam before neutralization would resu l t i n a 
different focal point for each ion spec i e s in 
the beam (they differ in q/m) and consequently 
in l o s s of beam, and since beam energy modu­
lation i s e a s i e r if there i s not a magnetic field 
to modulate, we decided to attempt an e x ­
tractor des ign to generate an ion beam of 
smal l enough initial divergence that additional 
magnetic focusing would not be required. 
We also began the development of a p lasma 
source of adequate s ize , uniformity, and 
density to permit extraction of a large ion 
beam, using multiple apertures, from which 
at l eas t 10 A of neutrals could be produced by 
charge exchange and delivered to the mirror 
machine. The extractor design was carried 
out with the aid of a computer program. We 
constructed and tested a multiple-aperture 
extractor of tins experimentally optimized 
extractor design. Jh general, the computed 

and measured extractor properties agreed 
very well . We have also designed and are 
constructing extractors utilizing arrays of 
Blots in an attempt to prevent buckling of the 
structure when it is heated during the pulse. 
A novel l a r g e - a r e a plasma source for the e x ­
tractor has been developed. 

Feedback-stabil ization experiments on a 
13 _3 

plasma column (a — 10 cm ) in a magnetic 
field are approaching completion. Much of 
the work in the past year haB centered on 
better identification of the low-frequency 
waves observed as potential and density fluctu­
ations, and on development of pertinent 
theory. A prominent low-frequency (f « 1 to 
7 kHz) fluctuation has been identified, in a 
fairly convincing way, as a Rayleigh-Taylor 
centrifugal f lute , driven by the radial e l e c ­
tric field. Feedback stabilization of this i n ­
stability has been demonstrated. 

Developments in theoretical work include 
the following: 

(a) The nonlinear interaction of N o s ­
ci l lators , with N not too small (N - 1 0 ) , i s 
treated stat ist ical ly . A diffusion equation 
for the probability density in action-space 
describes i t s evolution to a microcanonical 
distribution over that portion of the energy 
hyperplane for which the resonance widths 
(or relat ive-phase diffusivities) are nonvan-
ishing. These widths are determined by non­
linear coupled equations, in terms of the r e s o ­
nance frequency-mismatches and the nonlinear 
interaction coefficients. For diffusion to o c ­
cur, the interaction strengths must exceed 

the mismatches . 
(b) As exemplified by the solar wind, an 

expanding plasma may become unstable with 
respect to infinitesimal Alfven waves. The 
behavior of a finite-amplitude wave under 
these conditions was studied, using the Chew-
Goldberger-Low model. It was found, f irst , 
that the stability criterion i s amplitude-de-
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pendent. and secondly, that the wave grows 
to such an amplitude as to modify the back­
ground into becoming stable with respect to 
it. For hyperalfvenic flow, an invariant is 
found, representing the specific wave energy 
flux in the plasma frame. 

Several atomic and molecular collision 
processes were studied: dissociation cross 
sections for 0.5- to 1-MeV HeH ions i n H - , 
He, N , , and Ne gases have been measured; 
measurements of efficiencies of converting 
H, ions into c n hydrogen molecules in 
magnesium vapor, and of the relevant cross 
sections, neared completion; and measure­
ments of collision cross sections of H, ions 
in H,. Li, and N- gases have been completed. 
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HEALTH PHYSICS 

H. Wade Patterson in charge 

RADIATION LEVELS IN AIRCRAFT 

Roger Wallace 

A aerie* of measurement! have been made 
to evaluate the radiation dbie from coamic 
raya received in commercial aircraft. The 
doaea are about 5 mrem/round-trlp flight of 
more than aeveral thousand mllea. When con-
•ideration is taken of the large number of pas­
sengers and crew who fly, this exposure of the 
genetic pool is second only to the exposure re­
ceived from medical x rays and background 
radiation. 

THERAPT WITH HEAVY-ION ACCELERATORS 

Roger Wallace 

The potential use of ft high-energy heavy-
ion accelerator for therapeutic treatment has 
been evaluated from the public health point of 
view. It i s possible that such an aceelsrator 
could reduce the cost of radio therapy by half, 
and at the same time improve the results. Tbe 
best ions to use are probably not heavier than 
neon. Energies up to 500 MeV per AMO 
(atomic mass unit) will be needed. 

rial is in preparation. The Health Physics 
Group has participated in this work, partic­
ularly in supplying information relating to 
high-energy neutron dosimetry. 

1. ICRP Publication IS. Protection Against 
Ionising Radiation from External Sources. A 
Report by Committee 3 of the International 
Commission on Radiological Protection, 
Adopted by the Commission in November, 
1969, (Pergamon Press, Oxford, 1970). 

(n,p) DIFFERENTIAL SCATTERING DATA 

A. Rindi, T. Salmon-Cinotti (University of 
Bologna, Italy), and C. B. Lim 

An empirical mathematical expression 
has been generated, using the least squares 
technique, for fitting the experimental data 
of the (n,p) elastic-scattering differential 
cross section from 20 up to 400 MeV. This 
expression will be used in the unfolding pro­
grams for the neutron spectrometer. 

1. A. Rindi, T. Salmon-Cinotti, and C. B. 
Lim, (n,p) Elastic Scattering: A Fitting Ex­
pression for the Differential Cross Sections 
in the Energy Range Between 22.5 and 400 
MeV, Lawrence Radiation Laboratory Report 
UCRL-20295. HOT. 1970. 

ICRP PUBLICATION 15 

In 1967, the ICRP appointed a task group 
to revise Publication 3 (Protection Against X 
Rays Up to Energies of 3 MeV) and Publication 
4 (Protection Against Electromagnetic Radi­
ation Above 3 MeV and Electrons, Neutrons, 
and Protons), and to incorporate them into a 
single volume. The revision of the main text 
was published in 1970, and the appendix mate-

SPARK-CHAMBER NEUTRON SPECTROMETER 

Alessandro Rindi and Chun Bin Urn 

We are building an apparatus for measur­
ing neutron spectra in the energy range from 
about 30 MeV to 300 MeV. a consists of a 
series of 12 spark chambers, each of them 
sandwiched between a triggering scintillator 
end a polyethylene sheet whose thickness de-
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pends on the energy range to be covered. The 
protons generated by (n, p) e last ic-scatter ing 
reactions with the hydrogen nuclei of the poly­
ethylene converters and of the scinti l lators 
are detected fay the spark chambers . We use 
chambers with magnetostrictive readout in 
which the coordinates of the sparks can be 
fitted direct ly into a computer program that 
evaluates file length and direction of the tracks. 
A second program unfolds the proton spectrum, 
calculating the corresponding neutron spectrum 
by either direct or iterative technique. 

The apparatus i s in the assembling phase. 
It wi l l measure spectra of neutrons of an a s ­
sumed angular distribution with an efficiency 

- 2 -3 
between 10 and 10 and an energy resolu­
tion of the order of 10%. It can be used for 
measuring stray neutrons around high-energy 
acce lerators for protection or physical pur­
p o s e s , a s wel l as spectra in scattered neutron 
beams . 

NEUTRON MONITORING SYSTEM 

Alessandro Rindl and the 184-Inch Crew 

Six neutron-monitoring units ( B F j mod­
erated counters) have been connected through 
100-ft cables to plug-in boxes located at differ­
ent posit ions in the 184-Inch Synchrocyclotron 
building. The signals are sent to a Health 
Phys ic s Monitoring Station in the building, to 
the Main Control Room, and to the te lemeter­
ing l ine . This system allows for a complete 
monitoring of the experimental areas during 
the use of the accelerator. 

SHIELDING STUDIES AT 28 GeV 

R. H. Thomas (LBL); G. W. Bennet, H. 
Foe lsche , D. Lazarus, G. Levine, W. H. 
Moore, T . Toohig (BNL); and J. Kostoulas 
(U. of Rochester) 

The distribution of the nuclear cascade in 

s tee l has been investigated using C-aet iva-
tion detectors . The high-intensity external 
proton beam of the Brookhaven AGS permitted 
studies to depths of 4.5 m in steel , greatly 
extending available data from previous exper­
iments at CERN and Berkeley. 

Studies were also made by coincidence 
counter techniques of the penetration of u-
mesons through steel to depths of 4.8 m. 
These measurements represent the m o s t e x ­
tensive u-rneson shielding studies made up to 
the present t ime . 

1. J. Geibel e t a l . , Shielding Studies in Steel 
with 10 and 20 GeV/c Protons, Parts I-V, 
Nucl. Instr. Methods 32, 45 (1965). 
2 . A. R. Smith, Some Experimental Shielding 
Studies at the 6.2-BeV Berkeley Bevatron, in 
Proc . of the USAEC Firs t Symposium on A c ­
celerator Radiation Dosimetry and Experience, 
held at BNL, Nov. 3-5 , 1965, CONF-651109 
(TTD-4500), pp. 365-409; a lso Lawrence Radi­
ation Laboratory Report UCRL-16323, Nov. 
1965. 

GROUND-WATER CONTAMINATION BY 
HIGH-ENERGY ACCELERATORS 

Ralph H. Thomas 

Studies of possible contamination of 
ground-water .systems by high-energy acce ler ­
ators , initiated at the Rutherford Laboratory, ' 
have continued. A general evaluation shows it 
i s unlikely that existing or projected high-
energy acce lerators in the energy region up to 
several hundred GeV pose a ser ious problem 
in this respect . Estimates of the production of 
radionuclides in the shield of the CPS, based 
on neutron-flux measurements, indicate that 
3 H . 7 B e . 2 2 N a . 5 4 M n , and 4 5 C a are produced 
in the l arges t quantities in the earth and ground 
water. These data may be scaled to give the 
total quantity of radionuclides produced in the 
earth shield of a 500-GeV proton synchrotron. 
If mixing with the total inflow to the ground­
water s y s t e m due to rainfall i s assumed, and 
if al l the long-l ived radionuclides are re leased. 
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maximum specific activities of " 3 x 1 0 MPC 
could ar i se in grocnd water. However, chem­
ical sorption plays an extremely important 
role in limiting the release of radionuclides to 
the general environment. If only trit ium i s 

-4 5 
mobile, l eve l s o f" 10 MPC are est imated. 

1. G. B. Stapleton and R. H. Thomas, Exper­
imental Studies of the Sorption of Be on Chalk, 
Rutherford Laborntory Report R H E L / M / E I , 
July 1970. 
2. G. B. Stapleton and R. H. Thomas, E s t i ­
mation of the Ground-Water System i n the 
Neighborhood of a Proposed 300-GeV High-
Energy Accelerator Situated in a Chalk Site, 
Rutherford Laboratory Report RHEL/R, Dec. 
1970. 
3 . F . E . Hover, Induced Radioactivity in the 
Earth Shielding on Top of High-Energy Particle 
Acce lerators , CERN- 68-42, Dec. 9, 1968. 
4 . W. S. Gilbert et a l . , 1966 CERN-LRL-
RHEL Shielding Experiment at the CERN Pro­
ton Synchrotron, UCRL-17941, Sept. 1968. 
5. R. H. Thomas, Possible Contamination of 
Ground-Water System by High-Energy Proton 
Acce lerators , Lawrence Radiation Laboratory 
Report UCRL-2C131, Oct. 1970. 

VAN ALLEN BELT RADIATION DAMAGE 

Lloyd D . Stephens and A. Jerry Mil ler 

A recent ly completed experimental r e ­
search program investigated the extent of 
damage experienced by a spacecraft viewing 
port when exposed to a simulated Van Allen 
radiation field. 

This work was carried out on a NASA-AEC 
contract and made use of the electron linear 
acce lerator . Studies were a lso carried out to 
determine what damage, if any, would be e x ­
perienced by the optical coatings on this g lass 

mq 
at vacuums of approximately 10 Torr , and 
at both elevated and reduced ambient temper­
atures. 

Additional work will be carried out to de­
termine structural damage to the g la s s when 
exposed to protons having the energy spectrum 
and intensity equal to those in the South Atlantic 
anomaly of the Van Allen Radiation belt." 

88-INCH CYCLOTRON RADIATION STODY 

Lloyd D. Stephens 

A project has been started for cataloging 
the radiation areas and intensities at the 8 8 -
in. sec tor- focused cyclotron. The machine 
has the capability for acceleration of var i ed . 
ions and e n e r g i e s ; each of the possible condi­
tions resu l t s in a rather unique radiation pat­
tern and a catalog of these would be v e r y u s e ­
ful for planning purposes. 

A second project involves radiation-dose 
es t imates to magnet structures associated 
with the machine. This i s part of a larger 
study being carr ied out to determine the opti­
mum mater ia l for potting magnet windings. 
Dose e s t imates are being made for the main 
magnet in the region of highest exposure . 
This wi l l soon be completed. 

TRACE-ELEMENT IDENTIFICATION 

Alan R. Smith 

We continue the use of high-resolution 
Ge(Li) semiconductor «**tector v - r a y s p e c ­
troscopy in trace-e lement identification v ia 
reactor neutron irradiations. A pilot study of 
t race -e l ement identification in severa l types 
of human t i s s u e and blood (with Dr. T . Bud-
inger, L B L Medical Department} has been 
completed; resul ts are being prepared for 
publication. A preliminary study to identify 
air pollutants (with L. Hughes, UCB Radio­
logical Safety Department) has resulted in a 
grant (to L . Hughes) for a specific fu l l - sca le 
study, under which the cooperative effort wi l l 
be continued. 

HIGH-ENERGY BEAM MONITORING 

Joseph B. McCaslin and Alan R. Smith 

Our high-energy beam monitoring t ech­
niques saw increased use this year by e x p e r -
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imental t e a m s at both the 184-in. cyclotron 
and the Bevatron. We initiated an effort to 
verify the absolute accuracy of resu l t s ob-

449 
tained with the Au — Tb reaction at Bev­
atron energ ie s through direct comparison with 
the C -» C reaction, for which more accu­
rate c r o s s - s e c t i o n data exist , but which (u3-
like the Au •* 1 4 9 T b reaction) i s susceptible to 
interference from secondary part ic les . A s im­
ilar effort i s under way to improve the absolute 
accuracy of monitor results obtainable with 

12 7 
the C — Be reaction, thus permitting pre­
c i se measurements from much longer expo­
sures than i s possible with the 1 Z C - **C 
reaction. 

Measurements have been made around the 
first three E P B magnets on the Bevatron's 
outside w e s t platform in order to determine 
beam l o s s e s with the Piccioni extraction s y s ­
tem. When the resonance-extraction system 
i s in operation, these measurements wi l l be 
repeated to make comparisons and to est imate 
radiation damage to the magnet components. 
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NUCLEAR EMULSION GROUP 

Harrjr.H. Heckaaa in charge 

The Nuclear Emulsion group engages in 
interrelated programs of research in the fields 
of cosmic rays, magnetospheric and high-en­
ergy physics. Technical programs include 
instrumentation for the analysis of particle 
track* in nuclear emulsion, and, in coopera­
tion wish she University of California Space 
Sciences Laboratory, she development of solid-
state (Si) particle identifiers for apace and 
laboratory experiments. 

Cosmic-ray heavy-ion physics i s being 
pursued with nuclear-emulsion detectors that 
are part of a balloon-borne, superconducting 
magnetic spectrometer. This work i s a 
cooperative e&>rt with the Cosmic-Ray 
Division. NASA. Houston. The purpose of 
the work is to determine the momentum and 
charge spectra of the heavy cosmic-ray pri­
maries for rigidities («pe/s) up to about 250 
GV, and to study their interaction* in matter. 

Experimental and theoretical work on the 
spatial and temporal properties of high-energy 
(30 < E < 600 MeV). geomsgnetically-trapped, 
inner-belt proton* continues to be a major 
effort of she group. 

We have alas been involved in the develop­
ment of a new method for increasing the sensi­
tivity of plastic track detectors, and in a sbsiy 
of accelerator irradiation* of minerals. 

VARIATIONS OF INNER-ZONE PROTONS 

Harry H. H^^TT"" and Peter J. Undstrom 

As described in the previoui issue of this 
report, we have undertaken a theoretical an­

alysis of our <*"|'**tTT*̂ *1*™^ data on she *i"— 
variations in she flux of low-altitude, energetic 
(E> 57 MeV). geomagnetically-trapped pro­
tons. The data are being interpreted in terms 
of a HUMP -dependent continuity eouelion. 

The results of this analysis are able to 
account for the main features of the date, such 
as the 3 i /2 -yr "steady-state" period fol­
lowing the July 1962 Starfish detonation, and 
me changes in she flux owing to solar-cycle 
change* in she atmosphere before and after 
Starfish (Fig. 1J. 

We examined she possibility of observing 
effects of semiannual changee in she atmo-

Fig. 1. Computed proton flux j(t)(o MeV •* 
hmw • 350 km. beginning 1953.0, assuming 
source Sobs *• eonstantt and initial flux 
values JU953) » 9.2 and 3.2 e n " ' sec-* 
MeV-1. Unique solution 1* obtained at this 
altitude after 1958.5. The Starfish redistribu­
tion on 9 July 1962. the 3-yr "steady-state" 
from 1963 to 1966, and the abrupt solar-cycle 
decrease in the proton flux after Bdd-1966 are 
reproduced in these calculations. The data 
denoted by open circles are from work by 
Fila and Hnlemsn; she x"s, mi* experiment. 
The data paints are limited to 
hrnin * 350*50 km. Solar-cycle behavior of 
atmosphere at 350 km altitude is given by she 
~ ' ~ (XBL-6910-5954) 
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RIGIDITY SPECTRA OF HEAVY IONS 

Robert L. Golden (Manned Spacecraft Center, 
NASA, Houston);and Harry H. Heckman 

Daring October-November 1970, two 
balloon flights totaling about IS hr flight time 
were successfully carried out at Parana, 
Argenttna, where the cosmic-ray rigidity 
cut-off is II GV. As in the balloon experi­
ments carried out in August 1969, heavy-ion 
rigidities are measured by using emulsion 
plates '.upoted in a magnetic field supplied by 
a 10>kG superconducting magnet. All emu!* 
aions from these flights have been developed. 
Analysis of these data will begin as soon as 
the scanning of the August 1969 flight emul­
sions is completed. At this time, we are in 
the process of re-scanning the emulsions for 
efficiency checks. From this experiment, 
we expect to have up to 700 heavy ions mea­
sured as to rigidity asd charge. 

MAGNETIC BREMSSTRAHX.UNG 

M. Uashkour (Illinois Institute of Technology); 
and Harry f t Heckman 

A joint experiment between UT. SLAC, 
and L8I> was undertaken to study the charac­
teristic bremsstrahiung radiation emitted by 
19-GeV electrons in megagauss magnetic 
fields, b this experiment, the MG fields 
were generated in volumes - 1 em by capac­
itor? discharge in single-turn coils. Useful 
lifetimes of the fields were - t psec. The 
energy sad angular distribetioa of the breme-
Mrahiung are being measured by detecting the 
e e* pairs produced in nuclear emulsions by 
the emitted radiation-

EvalBBcioa of the emulsion detectors used 

in this experiment has just begun. Progress 
made to date involves: evaluation of the signal 
and background distributions of pairs in the 
p'ites, and preparation of programs to aid 
in data collection and in evaluation of pair-
energies from multiple-scattering measure­
ments. We expect to undertake routine data 
collection shortly. 

1. F. Herlach, R. McBroom. T. Erber, 
J. Murray, and R. Gearhart, Experiments 
with Megagauss Targets at SLAC. Bull. Am. 
Phys. Soc. 16, 256 (1971). 

PUBLICATIONS AND PAPERS 

1. R, P. Heske, E. V. Benton, andK. H. 
Heckman, Sensitivity Enhancement of Plastic 
Nuclear Track Detectors through Photo-ioniza-
tioo. Radiation Effects 3 , 43 (1970). 

2. H. H. Heckman, But This is Where the 
Ughtls ! (Invited introductory paper for 
Symposium on Interrelated Problems of 
Atmospheres, Fields, and Trapped Particles 
in the Inner Radiation Belt), Trans. Am. 
Geophys. Union 51, 782 (1970). 

3. H. H. Heckman, P. J. Liadstrom, and 
G. H. Nakano, Long-Term Behavior of 
Energetic Inner-Belt Protons, in Models of 
the Trapped Radiation Environment, VoL YH, 
HASASP-3024, 1971. 

4. M. Seits, M. C WIttels. M. Maurette. 
R. M. Walker, and H. H. Heckman, Accel­
erator Irradiations of Minerals: Implications 
For Track Formation Mechanism* and For 
Stedie* of Lunar and Meteoritic Materials, 
Radiation Effects 5. 143 (1970). 
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MATHEMATICS AND COMPUTING 

Jimrs A. Biker in charge 

Th* Mathematics aad Computing Group 
provides advanced comnutiag w n i c t i to th* 
Laboratory** research and support group*. 
These services include InstaUiBg and oper­
ating the Laboratory1* central computing facil­
ity, which consists of a saw CDC-TiOC/iZIS 
computer complex, tan muliiprogrammed 
CDC-MOO'*, neveral smaller IBM computers, 
and associated psrtpbsral equipment and in-
strumsatatioa. Large data fltas ar* maln-
taioad to machine-readable form. The Sys-
tsms Programming ataff develop*, maintains. 
and modUias the software Car these computers, 
while th* Application Programming staff pre­
via** programming support to the many Lob-
oratory physicist* and oihsr researchers who 
use computer* far data collection and analysis. 
The Or,iep otfsrs consuttaUoa aervicaa in 
mathematics, statistics, aad pregrammlag; 
and also carria* on a modest program of re­
search in mattamatica and compatar science, 
locraaslagly. O H M service* ar* bttag pro­
vided to scUntific crewps outside tbs Labera-
tary. 

APPUCATWHI PWOOKAUM1HC 

A major effort was initiated to convert ox-
istiaf application* prof rama and library *ou-
tinestoruaeath* 7*M computer. In addition, 
application* programming personnel provided 
programming support for most of the research 
group* at the Laboratory. 

Pbvalc* 

Herbert C. Albrccht, Dsaald Austin, Zmmett 

Burns, Victor Clischtr, Fred C. Gey, Art 
Htbtgger, Eds* Williams 

Physics Group R fa currently conducting 
two eaperiment* at the f M-in. cyclotron: a 
spark-chamber experiment located in the Wart 
Counting Area to study radiative pioa capture, 
and aa experiment in the Cast Counting Area 
to study positive mooa depolarist^ea. Both 
are controlled by an UC memory POP-if com­
puter. 

The spark chamber experiment ha* heoa 
operaMag oo a part-time basis far the last 
nine months. During this period the exper­
imenter* discovered earn* problems is the 
large wire chambers. These have recently 
been rebuilt, and the experiment I* now run­
ning oa a regular basis, far at least the next 
year. 

The muoa experiment was tied into the 
PDP-iS about four months ago. and ha* been 
taking data far approximately two months. 
Because this eaperlment reeolrcs a largo fast 
data boa* Car it* mala histogram aad because 
it to desirable to monitor this histogram dur­
ing the courw of the run, the experiment pro­
vided the impetus far aa expansion of cha PDP-
iS to a memory of 1 oK. The data-acouisiUe* 
program* for this experiment have already 
been modified to operate in f«JC. We also mod­
ified all the Physics Operating Systems Pro­
grams since they are required to support the 
Mom program. W* still have to modify the 
Pioa program aad expand it* manilorlag cape-
Wilties to vtiUxc the e*tr* cere. 

The VAItMIT-baoedoata-flttUg routine* 
used by Physic* Croup* were medlffed to give 
more reasonable aad reliable reoaito. Also. 



-100-

autocorrelation and Fourier transform routine* 
were developed for analyst* of the Group's 
data. Theae are now in regular u»e since they 
pr^red very successful in obtaining an accurate 
analyst* of the data content. Both programs 
have been converted to run on the 1600 system. 

Programming support was provided through­
out the year on ACQUIRE to do the data acquisi­
tion for the He + v time-reversal experiment. 
Specific proeeases in the data acquisition were 
identified and separated into subroutines in 
preparation for a general data-acquisition sys­
tem for wire chamber particle-phyaics exper­
iment*. Final track-finding procedure* were 
programmed and incorporated into the data-
summary program. A procedure for measur­
ing chamber-wand efficiencies was developed 
and put into the program. 

The SPARKY data-acquisition program for 
wire-chamber experiments is nearly finished. 
Only a few programming touches and a mam­
moth documentation effort remains. 

For the v* form-factor experiment, we 
have provided occasional data-analysis pro­
gramming aid, in particular, in th* generation 
of the three.dimensions! magnetic field. 

Other physics-oriented project* have in­
cluded: development of a data processing and 
analyais system for the SPEAR project at 
SLAC; development of a new bubble-chamber 
event-sorting programs additions and modifica­
tions to COBWEB, a computer-controlled data-
acquisition system: and modifications to exist­
ing production codes to accommodate new ex— 
perimente. 

Accelerator and Masnet Desien 

Victor Brady. Bruce Burkhart, Thomas 
Clements. Elan Close, John Colon!**. Robert 
Healy. Ardlth Kenney, Arthur C. Paul. Steven 
Sacfcett 

Mathematical models 6**ciribing compo­
nent* of the Electron Ring Accelerator have 

been constructed. With these models the dy­
namics of compressors were studied, includ­
ing the effects of eddy currents; and the result* 
obtained were u*ed in developing a new design 
incorporating resistive coils and simpler 
switching circuits. A program BUNCH was 
created to investigate the impedance of an 
•zinrathally bunched beam in a cylindrically 
symmetric structure. 

Ibr the Bevalac project, the Bevatron in­
jection process was simulated by computer pro­
grams. The calculations were verified by 
comparison with measurements on the exist­
ing 19.3-MeV linear injector. The perfor­
mance and optimum parameters of the new 50-
MeV injector were then predicted. 

The profile and other properties of the 
main and satellite beams of the 184-in. cyclo­
tron were computed and found to agree reason­
ably well with observation*. 

Computer studies showed that second-
order aberration* affected the pion contam­
ination of the K* beam at the Bevatron. and 
led to improvements in the K/« ratio of the 
beam. 

Program* were contrived to or&mixe the 
phase-space transmission of the focussing 
magnet in the source for the Baseball U CTR 
experiment at the Uvermorc Laboratory. 

The three-dimensional magnet deaign 
code ia no=- at the stage where simple geomet­
ric configurations can be handled. Work con­
tinues to speed convergence and to allow more 
complicated geometry. 

Work was started on the solution of the 
wave equation with prescribed sources given 
by an assumed asimuthel modulation in elec­
tron beam intensity. 

And finally, in the field of environmental 
studies. •** have developed the program OZONE 
to atudy the effect on atmospheric osone of vary­
ing such parameter* a* nitrogen oxide produc­
tion rate, solar angle, temperature, reaction 
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rates, etc. This work grew out of the widely 
publicized prediction of Harold Johnston of 
IMRD that supersonic transport traffic would 
deplete the atmosphere of ozone. 

Kuclear Chemistry 

E-.'llie Bearden, Noel Brown. Emmett Burns, 
M. !,. Clinnick. Penny Fink. Ruth Hinkins. 
Gerald Litton. Tom Strong 

Development of computer-based control 
and data-acquisition myatamt for the Superhilac 
was started this year. The PDP-7 pulse-
height analysis aymtam was improved ana »s 
now capable of collecting dria from up to 
128000 channels. Work started on a PDP-1S 
data-collection system. 

Modifications were made to the small 
computer system at the Field Free Laboratory. 
The system now permits preliminary apviysls 
of the data before final processing on t!ie 7600. 

We have completed version 1.0 of tl>e 
CHEM-SCROLL text input and editing ays tarn, 
which will be used in preparing a new edition 
of the Table of Isotopes. 

For the fission group, wa have writtei a 
program that will sort californium-252 fisiion 
fragments. The unstable fragment mule! axe 
identified from gamma-ray energy peako. 

In analytical chemistry, digitised jormal- . 
iaation of coatr oiled-potential eoulonvitric 
titrations are being done with a 6600 program. 
A set of routines is being developed to analyse 
spectra obtained from art^ie stripping measure­
ments. With the aid officio routines, im­
purity concentrations on the orde.* of t few 
parts per billion will be recognizabk. 

Work on theoretical models of tht nucleus 
and nuclear structure continues. An interac­
tive VISTA and teletype prsgram was developed 
to fit nuclear masses to a Droplet Mode! for­
mula. After nonlinear least-squares fit to the 
nuclear masses is made, experimental ind 

computed values of nuclear radii and fission 
barriers can be examined. The stability of 
nuclei agrinst fission was computed using the 
Droplet Model. And several codes were writ­
ten to compute average nuclear properties 
using the Thomas-Fermi statistical model. 

Modifications were made in a set of pro­
grams which calculate electrostatic, spin orbit, 
and crystal field matrix elements, and which 
then disgonalis* the matrices, simultaneously 
handling these perturbations to the central 
field approximation. 

The determination of optical model perim­
eters, used to describe the nuclear elastic 
scattering process, has been aided by the de­
velopment of an on-line VISTA program. This 
program allows the visual display of angular 
distributions calculated using parameter values 
chosen by the researcher. 

A study of the \d.p) reaction on vibrational 
nuclei was completed. This ws» accomplished 
by the solution of two sets of coupled differen­
tial equation* which describe the nuclear states 
obtained in the scattering process. The final 
program SCATER was used to study several 
systems. The scattering of heavy nuclei was 
studied using a modified version of SCATER. 
Cross sections for various states were calcu­
lated and studied. 

Bioloav and Medicine 

Robert Belshe, Victor Elischer, Robert L. 
Fink, Fred C. Gey. William Hog an. Harvard 
Holmes, Mark W. fferovits, Martin S. Itkowits, 
Claudette Lederer. Marjory Simmons. Kenneth 
G. Wiley 

Work was completed this year on five dif­
ferent data-acquisition systems: 
(1) A PDP-8 with Data Disc for NMR spec­
troscopy at the Laboratory of Chemical Bio-
dynamics-
(2) A POP-12 system for blood now studies at 
Oonner Laboratory. 
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(3) Program PHA. raaaing on a PDP-8/I. for 
cell volume measurement* at Donner Labora­
tory. 
(4) A data collection, computation, storage, 
and retrieval program for Donner Laboratory. 
This program runs on a PDP-8/L with the 
AX08 option. The data are taken from an EPR 
spectrometer and displayed in real time. The 
operator can manipulate the spectra in many 
ways: scaling, subtracting oat backgrounds, 
and integrating. These spectra are seared and 
retrieved on magnetic tape cassettes. 
(5) A program designed to analyse particle 
telescope events. Running on a PDP-8 at the 
Bevatroa, the program does a least-squares 
fit of the data to a theoretical event. The pri­
mary purpose of the program ia to identify iso­
topes entering the particle telescope. It is 
used during system checkout to verify that the 
equipment is working correctly. 

Development continued on programs for 
BAH. a computer-controlled patient chair for 
use in radiation therapy. 

Improvements vera made to MIMIC, a pro­
gram that simulates an analog computer. 

Program SATS was written to trace, using 
compartmeatal analysis, radioactive tracer 
progression and decay in rat vital organs. A 
study kwogram TEETH) ana mad* modeling the 
retention of radioactive tracer in rat teeth. 

A set of programs for processing digitised 
images was completed. TBSYS. a set of MOO 
programs, performs sequences of transforma­
tions upon given ( 2 m x 2°) arrays z of com­
plex numbers representing two-dimensional 
digttlitcd images generated by some device such 
as a scintillation camera, whole-body scanner, 
EEC recorder, x-ray detector, or electron 
mieifes«s5». Graphic displays of the surface 
Z'Z are available at any point In the sequence 
of transformations. The central transforma­
tion utilises the two-dimensional Fast Fourier 
Transform E2 BKY TDFFT, which also deter­

mines use file configuration for Z. Related 
transformations are (1) variable annular mask 
to effect low-or high-pass filtering. (2) 90° 
phase rotation, (3) phase modulation transfer 
function applied ia the frequency domain, and 
(4) conversion to intensity. Three types of 
display of the surface Z- Z are available on 
35 mm film or Calcomp plot: perspective pro­
jections, contour maps, or cross-sectional 
views (profiles). 

In orde? to identify the radioisotopes pres­
ent In materials in a number of experimental 
eltuationa, analyses are made of fairly com­
plex gamma, ray spectra produced in a high-
resolution germanium gamma-ray spectrom­
eter. 

The isotope identification program GOLUX 
is designed to automate the look-up procedures 
Involved in verifying the existence of a partic­
ular radioisotope bom these gamma-ray spec­
tra, which may contain SO to 200 energy peaks 
each. At preseat, GOLUX contains programs 
to cornpit* and random-access a library of 
known radioisotopes, their half lives, their 
gamma rays, and some other properties; It can 
make and update a "quick-look-up" table of 
gamma rays, cross referenced to Isotope and 
half life. It also contains a retrieval subrou­
tine for gammas of a given energy. 

These isotope identification problems tarn 
up In connection with: 

(1) looking for trace elements in alr-pollutloe 
studies; 

(2) analysing materials that have been bom­
barded by high-energy particles ia an acceler­
ator, either accidentally or on purpose; 

(3) analysing unexplained activity in and 
around accelerators: 

(4) diagnosing the type of exposure in human 
radiation accidents: 

(5) examining Mohtjlcal materials—blood and 
tlssue-.to determine normal and abnormal con­
centrations of trace elements in order to use 
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this information aa a tutor* diagnostic tooL 
ACQUIRE, a data-acquisition lyeUm at the 

Laboratory of Chtmical Hodynamics, utilises 
a Sigma-2 and a PDP-t/L computer. During 
the past year, all equipment became operational 
except the actual interface* to experimental de-
vice*. which are now being built. Remote u*e 
of tolatypea and diaplays became available, as 
well aa numerous FORTRAN and BASIC appli­
cations program*. The CDC-6600 program 
FELSPAR, used for fitting photoelectron *p»e-
tra. was improved and rewritten under the 
name GAMET. A BASIC language compiler 
wa* written and completed, and a tape library 
system wa* developed. An ACQUIRE user's 
,—•«.»! was jmnllehed. 

General and Engineering; 

Donald Austin. M. L. Clinnick. Harvard 
Holme*. Mark W. Horovits. David W. Jenson, 
James O. Miller, Leo Varda* 

An extended version of the BLIMP language 
compiler ha* been completed for the 6600/7600 
system. TUa code ia being used to implement 
some Management Information System* design*. 

A program PCBOARD waa written Car com­
puter-aided deaign and layout of printed circuit 
boarda. This VISTA console program caa pro* 
due* microfilm output suitable for direct mask­
ing of prototype boards. 

A general purpose graphical input model­
ing program PICASSO was started. It enables 
a user to construct and define symbols at a 
VISTA console. Structures containing these 
symbols can then be specified and converted 
into a form suitable for input to analysis pro-
grama. For example, logic circuit diagrams 
could be designed at the console, and the be­
havior of the specified circuit could be imme­
diately analysed using the MIMIC simulation 
program. 

The Cagniard method of sound-wave anal­

ysis was studied, programmed, and debugged 
(CDC-6600 FORTRAN program CACN). Appli­
cations include seismic-wave studies and ultra­
sonic tearing problem*. 

A device handler on tint PDP-9 and a code 
on tint CDC-6600 were written and debugged to 
allow file transfer* between ins machine* via 
the Date Link. 

The Remote Computer Access System 
(RCAS) for connecting remote computer* into 
the 6600 complex wa* defined, written, and 
debugged. 

CRYSTAL, a computer model for the sta­
tistical treatment of dislocation motion 
through a crystalline structure containing ran­
domly distributed obstacles was developed. 
The program is being used to generate data 
for the statistical model of dislocation motion 
developed by Professor John Dora and Dale 
Klein of IMRD. A ten-minute computer-
generated movie was made demonstrating the 
model. The movie waa presented with a re­
view paper at this year's Symposium on Statis­
tical and Probabilistic Problems in Metallurgy 
in Seattle. 

A data-collection program waa designed 
and partially implemented for infrared spec­
troscopy for Paul Richards of IMRD. Running 
on a PDP-11 the program samples data from 
a Miehelson interferometer and stores it. 
The program alio computes a real time Four­
ier transform of the data being taken and dis­
plays it on a storage scope. 

SYSTEMS PROGRAMMING 

6600 System 

A number of modifications to the system 
were installed with the object of utilising the 
64-control-point system more effectively; 
chief among these were an "auto-roll" feature 
(which causes jobs that are waiting for oper­
ator action to release all assigned core, either 



•104' 

outright or via roll-out to the disk); an auto­
matic field-length assignment for sys tem util­
ity job-s teps; and an automatic s y s t e m for 
paging tapes out of the tape l ibrary. 

A new, l e s s quixotic, accounting algo­
rithm w a s introduced, based upon CPU time, 
monitor requests , and instantaneous field-
length. The new algorithm i s relat ively inde­
pendent of system loading, whereas the for­
m e r algorithm, which used PPU t ime to mea­
sure I / O activity, was extremely sensit ive to 
I / O conflicts. 

The System was a lso modified to run on 
computers having different memory s i c e s and 
eitfcar 10 or ZG PPU's: this wi l l a l low the 
same BKT system to run on the 6215 front-end 
computer a s well as on die 6600's . 

AdTnamic buffering scheme to provide 
more efclcient utilization of rotating m a s s -
storage device* was designed and should be 
ready for installation in the f irst quarter of 
FY 1972. 

7600/6215 System 

The 7600/6215 computer complex was de­
l ivered and accepted during the fourth quarter 
of F Y 1971. The 7600 initially u s e d CDC's 
standard SCOPS 1.1 System, while the 6215 
w a s accepted using the BKY s y s t e m originally 
developed for the 6600's. 

Interactive Systems 

RZCC (the new teletype interface) was in­
stal led and connected to both 6600's; in the 
fourth quarter of FT 1971. it was upgraded to 
a P D P - 8 / E with a 28K memory (instead of a 
P D P - 8 / L with an 8K memory) . BRF was mod­
ified to accept RECC teletypes a s wel l as tele­
types connected through the 6411. PTSS, a 
modest time-sharing system with extensive 
symbolic debugging capabilities, was intro­
duced to general use in the first quarter of 

FY 1971: it was developed jointly by members 
of our Sys tems staf jd a merpoer of the 
University of California Space Sc iences Lab­
oratory. 

Remote Batch 

A survey of prospective remote batch 
u s e r s revealed a much greater interes t than 
had been anticipated. As a result , the remote 
batch pilot project was diverted into another 
channel ( local on-line small-computer access ) , 
and a commerc ia l remote batch sys t em was 
sought. A COPE system was se lected and 
installated on both the 6600A and the 6215 in 
the fourth quarter of FY 1971. 

COM (Computer Output to Microfilm) 
A Stromberg-Datagrapbix Computer Out­

put to Microfilm System with graphic capabil­
i t ies w a s delivered in the fourth quarter of FY 
1971: i t i s expected that it wi l l be the principal 
output device for the 7600. 

COMPUTER OPERATIONS 

Des ign and construction work for the instal­
lation of the CDC-7600 was completed in the 
fourth quarter of FT 1971. A l so , the Input/ 
Output and Noisy Ready Rooms were redone to 
allow room for customer card readers and 
printers . A small addition to Building 50B 
was designed and constructed in order to house 
e lec tr ica l equipment to provide power to the 
7600 computer. The computer was delivered 
and instal led during the fourth quarter, with 
power-on accomplished in April . 

An automated tape-paging s y s t e m for the 
6600 s y s t e m was implemented, resulting in 
faster , more accurate customer serv ice with 
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reduced operation! manpower. 
A scheme tor producing detailed error data 

from magnetic tape input/output software al­
lowed greatly improved diagnosis and repair of 
hardware malfunctions in tape dr ives and con­
t ro l l e r s . 

A program for upgrading the magnetic tape 
density to 3Z00 FCI wa* commenced with the 
Installation of a CDC-686 Tape Certif ier. 

USER SERVICES CROUP 

Doe to the increased use of computer facil­
i t ies by offaite personnel, i t became desirable 
to centralize nr user s erv i ce s . Therefore, in 
the first quarter of FY 1971. a User Services 
Group was established to coordinate consulta­
tion, training, documentation, and the Mathe­
mat ics and Computing Library. In addition, to 
centralization of these s erv ices , the function 
of the User Services Croup i s to ac t a s the in­
terface between the Mathematics and Computing 
Group and the computer user . 

The consultation service has been extended 
to provide programming ass is tance during 
evening hours and on Saturday. Expansion of 
the training program includes offsite demonstra­
t ions of the use of our remote computing faci l ­
i t i e s . Clear, current documentation of s y s ­
t e m s and library routine?—provided by the 
addition of a technical writer—has aided the 
u s e r immensely . 

MATHEMATICS AND COMPUTING RESEARCH 

Donald Austin, James Baker, Paul Concua, 
David Jenson. Loren Meissner , Grove Nooney. 
Leo Vardas. Jonathan Young 

Our research in applied mathematics i s 
directed toward the development of numerical 
techniques for the solution of partial and ordi­
nary differential equations and toward the auto­
mation of certain areas of numerical analysis . 

Research in computer science i s in the area* 
of symbol manipulation, development of sched­
uling algorithms for multiprogram computer 
s y s t e m s , and the development of optimal man-
machine interfaces . 

Part ia l Differential Equations 

Investigation of the partial differential 
equation describing the equilibrium free s u r ­
face of a liquid partially filling a cylindrical 
container w a s continued with emphas i s on com­
pleting the establishment of general exis tence 
cr i ter ia . Means for obtaining the numerical 
solution of the equation were investigated. 

Ordinary Differential Equations 

The too l s developed in prior yeara (an­
alytic generator of Runge-Kutta methods and 
generafiaed integrator) were u s e d i n the i n e s -
tigation of a number of specific -»iTiinTtl of 
general i sed integration s c h e m e s . i i n l a d i f 
various s t e p - r i s e adjustment s trateg ies and 
starting procedures . 

Technical Text Editinf 

Output faci l i t ies were improved, iBcaaslaff 
installation of an Alden facsimile recorder 
connected t o tiie - » — " - — p » " **gjt T I I l i II*-
the technical text entry station. A file cast fee 
printed by m e a n s of tins device aa aoost a s i t 
has been generated, at the rate o f M M charac­
t e r s per second. This provides imtmdisX 
hard-copy output for proofraaduaj s w a m i 

A n extended character sa t baaed: eat a 
9X « dot matr ix was developed t a r ma* aw tx* 
facs imi le recorder aa w e l l aa eat ttst M M 
VISTA-CRT m i c r o S k n output i j i l s m This 
s e t enrraim about 140 characters . 'nrbrKag 
upper and tower case Greek awd Rornaai ilsfta 
beta, two s t y l e s of number. Hags imie accent s . 
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6. M. S. Itabowitz aad K. & Wiley, 
ACQUIRE OaaHa Maaoal, Lawrence Berkeley 
iiaaratcry Report UCB>>3475. M y 1971. 

7. Dale n a b s , DoaAaatin, AmiraK. 
Makfcerjee, JohnE. Darn, fmpwlaiH1* of 
fa a nul l ffrrtrtirp Co Dieloeation Motion, 
L t a m a i Berkeley Lakoratery Report 
LBL>1». M y «971. 

«. C Oakerae, A Review of tbe Major Prob-
iaaaa rare—tar*!! Dariag Tea Taara of Opera-

L i w i m Raiiartna Laboratory Report 
0CRL-19M2, tee 1*70. 

9. A. Pad aad H. Gneaier, Effect of Vortical 
La— at Radial Bigeaerartoa Hade to Barclay 
ItaVfach flyarkroi yrlolipa. Lawrence Radiation 
Laboratory Report OCBL-20M9. Aag. 1970. 

10. f—ai l J. Peaay, BokertL. Fiakaad 
MajgemAlatoa-Garajoet, Design of • Vary 
Larfa Maaa Bhiroga fyelani, Lawrence 
BadJattoa Lakoratory Report 0CRL-19757, 
Aar.1970, far Fall M a t Cpnjpatir Conference, 
n w l o a . Mar. 1970. 

11. X. SoattiaadA. Ssalaaa, Fartfoaof 
jaaaawtr* aad dp pUcartua to Bggber Privative* 
ofCowpsaHe FamUata. Laaraac* Badiatfoa 
lakoiatoiy Report OCRL-M21S, Sept 1970. 

12. David F. Steven*. The User/Mannfactarer 
Interface. Computer* aad Automation, p. 25, 
Sept. 1970. 

13. J. D. Tooag, Function aad Firat Derivative 
Fitting by Modified Cubic Spine, Logistic* 
Rev. 6 07) , 33 (1970L 

14. J. D. Young, Least Eigenvalue Approxi­
mation for • Proper Starm-UonvUle Syvtem 
by T/se of Cabfc Spline*, Lawrence Radiating 
Laboratory Report UCRL-20809. June 1971. 

15. J. Dm Young, Mumerical Solution of 
MonUaear oVtcoad-Crdar Differential Equations 
by V— of Cubic Splines, Lawrence Radiation 
Laboratory Report UCRL-20265, Feb. 1971. 
to be pabHsbed in Logietfce Rev. 

16. J. D. Young, Aa Optimal Cubic Spline, 
Logiatic* Rev. £ 0 9 ) . 33 (1970). 

17. J» D, Young, SniootbSag and Differentf it 
Aaalyaia of Magnafir Field aad Gradient Mea­
surement, Particle Accel, i, 269 (1970). 

I t , S. O- Young, flmonrrrlng Data with Tol-
arascea by Uae of Linear Programming. 
Lawrence Radiation Laboratory Report 
UCBL-19403 Rev., Mo*-. 1970, tobepob-
llafced la J. bat . Mam. AppL 

19. J. D. Toong, The Space of Cubic Spline* 
wlBSpeciSriRaota, Logistic* Rev. 7 (30), 
3(1971* 
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DATA HANDLING 

Howard S. White in charge 

The Data-Handling Group i s involved in 
designing specia l i sed sy s t ems for scanning, 
measuring, and analyzing experimental data 
from bubble chambers used in high-energy 
particle-physics applications; in improving 
the effectiveness of computer programming in 
areas related to high-volume precision analy­
s i s sys tems; and i s operating data systems 
in support of experimental physics research. 

DAPR: AUTOMATIC SCANNING AND MEA­
SURING OF BUBBLE CHAMBER EVENTS 

Barbara Britton, Joau Franz , Wen-Sue Gee, 
Dennis Bal l , Howard White 

During this y e a r , the Digital Automatic 
Pattern Recognition (DAPR) system was f irs t 
used to measure a substantial volume of data. 
This sys tem u s e s the same IBM-7094 II c o m ­
puter and Flying Spot Digit izer (FSD) as the 
HAZE system which i t wil l gradually replace. 
DAPR, unlike HAZE, i s able without manual 
assistance to perform the entire scanning, 
measuring, and analysis of bubble-chamber 
events . The DAPR p r o c e s s forms on m a g ­
netic tape a digitial abstraction of information 
contained in bubble-chamber film, from which 
a digital computer program " scans" and edits 
measurements for subsequent analysis. A l ­
though DAPR"operates without manual a s s i s t ­
ance, prescanning to give frame selection of 
those bubble-chamber pictures containing 
events i s economical ly advantageous when the 
ratio of frames to events exceeds three; this 
frame preselection has been used on film m e a ­
sured this year. More than 338000 events 

have been measured in the DAPR mode during 
the year. 

A second FSD unit i s being fabricated to 
form a Tandem FSD s y s t e m , which wil l nearly 
double the present measurement capacity, now 
mat DAPR has removed the "bottleneck" of 
manual road guidance. 

In preparation for an experiment in the 
SLAC BZ-in. chamber for the Trilling-Gold-
haber Group, a completely new procedure for 
resolving conflicting hypotheses i s being de­
veloped i s the vertex finding-track matching 
program. This procedure i s expected to raise 
the throughput of the DAPR system to above 
90%, and should be operational within the f irs t 
half of FY 1972. 

With the goal of total ly unassisted analysis 
of bubble-chamber data now firmly established, 
i t seems but a smal l s t ep to explore two new 
areas: (1) Streamer chamber pictures 
have already been digit ized by the FSD. Adapta­
tion of the software appears straightforward. 
Thus, the same speed and prec is ion of m e a ­
surement previously available only to bubble-
chamber experimenters could easi ly be made 
available to s treamer-chamber experimenters 
as well. (Z) Somewhat more difficult, but a lso 
feasible, i s the automatic process ing of f i lm 
from large babble chambers of the 14-ft c la s s . 
The ability of the FSD to digitize such pictures 
has been established. Modification to the track-
following and track-linking software to ac ­
comodate these p ictures s e e m s straightforward. 
Success in this area wi l l open up a new vista in 
large statistics analysis of complex event 
types. 
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HAZE) SEMIAUTOMATIC MEASUREMENT 

Wan-See Geo, /amee Greene, Carol OefeeriM. 
Prlacllla David 

Tim KA2E meaaaremeM eyatem coniineed 
la ha need far e*perlme*.-;a began before DAP* 
became operational. Firet eaed for pbyelc* 
mcaetiremeMe la FY ! •»* , HAZE etilUce • 
large digltial computer, opemlae/ 0 M FSD 
and rcUla* cemputtr pregrama, M automat-
Ually •ntaaure film Is which manual ecaanlng 
baa previouely identified track* and event* of 
interest, Mora than I HO 000 avaau have 
b n analysed by Ikla aystem, Including 
•boat ZOO 000 this year. System improve-
mante were Umllad to tha many amall adjaat-
mania required to maintain processing of eon-
tinning physic* experimtnt*. 

r C f i GEOMETRY. tUNEMATiCS, DISPLAY 

Michael Block, Sblrle? Buckman, Vivian 
Morgan, LoreaShels 

Tha roo , CLOUDY, and rAfft ayatam. 
which providaa the analysis of bubble-chamber 
events, continued routine production opera­
tions. Tha major portion of FCF affort was 
aKpandad oa generating now experimcat-de-
pendeat constant* and new avail* typea. 

Now optical constants and a new mag• 
nctic-field aabroottoa were developed far tea 
5LAC 40-la. chamber. Preparation for tha 
naw)5-mm, S2«M. chamber Him will begin 
la aarly summer. 

A low-priority affort to improva tha proe-
aaalag rata of the gaomatry program we* un­
dertaken. This program sow censomes aaarly 
half of tha avant analysis time, but algalfieaat 
apaadup appear* possible. An improvement 
la tola araa will have a major affaet on tha 
cort of analyzing «v«nta. 

Work on obtalalng clean aaaembties of all 
FCF program* concluded with tha achievement 

of Iheae geala during July 1971. 

TRISTt SYSTEMS MCHtTOR 

Prlscitta Davia, Carol Oaboraa 

Moat of A * affott an the TR1ST ayetam 
monitor wae espeaeea la making the many 
amall changae required to srsaeth out opera­
tion* daring th* almoJtaneeue operation of all 
thraa program priority lavala. Considerable 
experience waa gained because of iha con-
tinalng operation of DA PR, 

Tha need for mora cora aloraga to imple­
ment needed impravamaM* baa been a aarloua 
problam for tba ayatam monitor. A new 
assembly was written and parilally dabugged 
which will f raa a conaiderabla portion of tho 
cora within the eyatam area*, by itoring rala. 
tlwaly Inactive aubroattnee on the dlak and re­
calling them only when thty are needed. 

DueKanelualvaelectrcnicatelhire, tba A-
level program (MAZE or DAPRI occasionally 
loat contact with the FSD. Tale condition waa 
often net detected by the operating personnel 
for many miaatea. Aa a result, a significant 
drop in tha measuring rate waa obaarved. The 
abating eyetem monitor waa modified to watch 
for thla condition. If no information waa trans-
farred from the FSD for more Chan JO aeconda, 
tha A-level program waa automatically re­
entered. Thla produced tha deaired result of 
bringing the measurement rate back to IU 
nominal value eve. '_ the pretence of a very 
low-frequency, hardware malfunction. 

Work on the time-accounting program waa 
completed. Thla program anmmarlaea. on a 
dally baeia, tha diatribution of Joba, the 
amount of lost time, and tha efficiency of com­
puter operation*. With it, euperviaory per-
eenael can he more effective in monitoring 
performance aa well aa in planning Che neat 
day'a work load. 
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DATA-PROCESSING OPERATIONS 

The following tabic aammartaaa Iha processing of event* measured en tba COBWEBi HAZE. 
and DAPR ayatama. An avant U tha entire collection of ralatad varclcee measured ia a bubble-
chamber picture. New maaaaramanta of Ika aama avert are ceuntad aeparataly, bat tha effect of 
any computer raprecaaaing baa baan eliminated from we tatala. 

EVENT MEASUREMENTS ANALYZED 
(FY 1971) 

Experiment Chamber 
COBWEB SYSTEM 

fisam Oroap 
Number of 

eventa 

42 •»2" HBC-LBL 1.3-1.6 OaV/e •* Powell-Birgo 148 
4) 72" HBCLBL 1.3-1.6 GeV/c •* Powell-Blrge 212 
44 72" HBC-LBL 1.3-1.6 GaV/e w* Powell-Blrge 131 
4S 25" HBC-LBL 1.53-1.84 OaV/e **p Powell-Birge 457 
47 25" HBC-LBL 1.53-1.84 CaV/e w+p Powall-Btrge 1657 
SO 25" HBC-LBL 1.53-1.84 OeV/e »*p Powell-Birgc 1415 
St 25" HBC.LBL 1.16-1.57 OeV/c K" PoweU-Btrge 8122 
sz 25" HBC-LBL 1.16-I.S7 OaV/e K" Powell-Birga 3610 
55 25" HBC-LBL 1.16-1.S7 OeV/c K* Powell-Birge 8071 
66 •2" DBC-SLAC 5 GeV/ev Powetl-Birge 148 
67 40" HBC-SLAC 14 CaV/e «*p Powell-Blrge 

Total COBWEB Measurement* 
3353 

27324 

Esiwrlmant Chamber 

82" DBC-SLAC 

HAZE SYSTEM 
Beam 

12.0 GeV/e w* 

Group 

U. C. Riverside 

Number of 
events 

01 

Chamber 

82" DBC-SLAC 

HAZE SYSTEM 
Beam 

12.0 GeV/e w* 

Group 

U. C. Riverside 59527 
45 25" HBC-LBL 1.53-1.84 CaV/e »+p Powell-Birge 2521 
S3 25" HBC-LBL 1.16-1.57 GaY/e w+p Powell-Birge 7509 
57 25" HBC-LBL 1.56 CaV/e e + p Powell-Birge 16224 
71 72" DBC-LBL 6.0 CeV/e p Segre-Chamberlain 107 
72 80" DBC-BNL 8.0 G*V/c p Segre-Chamberlaw 1160 
95 82" DBC-SLAC 12.0 CeV/e K + TrUUng-GoIdhaber 

Total HAZE Measurements 
104808 
141654 

Experiment Chamber 

25" HBC.LBL 

DAP3 SYSTEM 
Beam 

2.9 GeV/c w+p 

Group 

Powell-Birge 

Number of 
eventa 

58 

Chamber 

25" HBC.LBL 

DAP3 SYSTEM 
Beam 

2.9 GeV/c w+p 

Group 

Powell-Birge 82 860 
59 25" HBCLBL 2.3 C!eV/c * + p Powell-Birge 62345 
60 25" HBC-LBL 2.1 GeV/c ir+p 

1.28 GeV/e »*p 
Powell-Birge 32 211 

61 25" HBC-LBL 
2.1 GeV/c ir+p 
1.28 GeV/e »*p Powell-Birge 21726 

62 25" HBC-LBL 1.28 GeV/c » +p Powell-Birge 2127V 
63 25" HBC-LBL 1.81 GeV/e ir+p Powell-Birge 65 782 
64 25" HBC-LBL 1.18 GeV/c ir+p PoweU-Blrge 

Total DAPR Meaaurementa 
51881 

336084 
Total Events Analysed 557 264 
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FSD MONITOR 

Lores Sbals 

The problem of observing stage stability 
during acceleration and deceleration was dif­
ficult in the past, doe to an interlock system 
which inhibited digitising during these critical 
phases. Hardware changes were installed 
which allow the program to override this in­
terlock and thus to sample stage-speed for the 
entira sweep. A display of the stage velocity 
as a function of stage position is now run on a 
daily basis as a check of the servo system. 
This has allowed early detection of servo mal­
function, with the result mat repair costs were 
kept to a minimum. The problem of checking 
for drift in tin fixed stage war also studied, 
but a completely satisfactory solution has not 
yet been found. 

QUARKS 

Shirley Buekman 

Processing of Quark data continued 
steadily. By flu and of June 1971. 34 ISO 
cloud chamber tracks had been processed. 
Because the chamber optics are not stable for 
periods longer man a few hours, each batch 
of data must have its optical constants verified 
before processing can occur. Procedures to 

accomplish this have now been refined to the 
point that a batch of one hundred tracks is 
typically processed within three to five days 
of their measurement, using perhaps five 
minutes of computer time. No further pro­
cedural or programming changes are antic­
ipated for this experiment, which is scheduled 
for completion in July 1971. 

PUBLICATIONS AND PAPERS 

1. C. F. Osborne, A Review of the Major 
Problems Encountered During Ten Years of 
Operating a Largo Scientific Computing 
System, Lawrence Radiation Laboratory 
Report UCRL-; 4842, June 1970, for Con­
ference on Automation of Scientific Researches 
on the Computer Base, September 14-18, 
1970. Novosibirsk, USSR. 

2. H. S. White. Finding Events in a Sea of 
Bubbles, IEEE Conference Record of the 
Symposium on Feature Extraction and Selec­
tion in Pattern Recognition 1EEE70C Sl-C. 

3. H. 5. White and D. E. Hall, Performance 
of the DAPR System, in Proceedings of an 
International Conference on Data Handling 
Systems in High Energy Physics. March 1970. 
(Cera 70-21, Geneva, 1970), p. 761. 
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A C C E L E R A T O R S T U D Y G R O U P 

Edward J. Lofgren in charge 

ELECTRON RING ACCELERATOR 

Further research into the new method of 
accelerating protons and other posit ive ions 
by means of electron rings i s being act ively 
pursued by the Advanced Development Group. 
The principle of the electron-ring accelerator 
(ERA) involves the use of a dense ring of re l -
ativistic electrons that forms a stable vehicle 
for the acceleration of protons or ions i m ­
bedded i n the ring. Because of their smal l 
m a s s , the electrons accelerate rapidly in an 
externally applied field, and the heavier but 
l e s s numerous ions are carried along with 
identical acceleration but much greater en­
ergy gain because of their heavier m a s s . In 
this way, equivalent electric accelerating 
fields for ions of millions of volts per centi­
meter can be achieved—orders of magnitude 
greater than fields usually available. 

Status of ERA Program 

Experiments have shows that re lat ively 
intense e lec tron rings can be formed and 
loaded with ions; but they have Bhown also 
that the intensity can be limited by a variety 
of beam instabil i t ies . The injector faci l i ty in 
Berkeley was developed for the purpose of in ­
vestigating experimentally the problems of 
ring dynamics and ion acceleration. The 
present experiment (Compressor 4) i s aimed 
principally at beam-instability problems, and 
the one being prepared (Compressor 5) i s d e ­
signed for demonstrating ion acceleration. 

Injector Faci l i ty 

The new injector began operating at file 

2.0-MeV leve l during the first part of F T 1971 
as an e lec tron source for the Compressor-4 
beam instabil ity experiments. This use was 
so fruitful that the extension of the injector to 
the designed 4-MeV operating level was d e ­
layed until the las t part of the f iscal year . 

This e lectron accelerator has severa l 
novel features , is relatively inexpensive, and 
has been quite successful . It cons i s t s of a 
s r ies of ferr i te -loaded induction cavit ies 
driven by 4 0 - n s e c pulses from Blumlein pulse-
forming tinea. Each cavity contributes up to 
0.25 MeV energy to the beam. Five of these 
cavities are tightly coupled to form a 1.25-
MeV e lectron gun. A simple, high-current, 
j i t ter- free f i e ld-emiss ion cathode in the form 
of a spiral-wound tantalum ribbon has been 
developed. The design also allows the use of 
a thermionic cathode if it i s needed. 

Compreasor-4 Experiment 

The Compressor -4 experiment ha» a l ­
lowed a detailed look at many electron-ring 
instabil ity problems. There are two general 
c l a s s e s of instabi l i t ies - -" single-particles" 
(low-intensity) betatron resonances and c o l l e c ­
tive (high-intensity) phenomena. 

The s ingle-particle resonances, although 
troublesome, have been understood and s u c ­
cessful ly overcome by means of t i m e - d e ­
pendent tailoring of the magnetic field shape 
and by minimizing the magnetic perturbations 
and nonlinearit ies that can drive the r e s o ­
nances. 

Among col lect ive instabilities, we were 
first l imited by the lowest mode of the coherent 
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radial instability, in which the beam p r e c e s s e s 
at the frequency ( i - v

r ) f 0 « where v^ i s the 
radial betatron tune and fQ the revolution fre ­
quency. The intensity threshold of this in ­
stability was successfully raised to the point 
where it i s no longer limiting, both by in­
creasing the effectiveness of Landau damping 
and by reducing the components of the e lec tro­
magnetic f ields that drive this instability. 

A longitudinal collective ( so-ca l led "nega­
tive m a s s " ) instability i s at present limiting 
the intensity and compactness of the c o m ­
pressed e lectron rings at a level of about 1 
to 2 X10 (total number of e lectrons per 
ring). Rings having up to 6X10 electrons 
have been formed and compressed, but with 
unsatisfactorily large dimensions due to radial 
growth caused by the negative-mass effect. 
The conditions under which this instability 
occurs , i ts evolution, and its poss ible sup­
press ion by means of energy spread and by 
choice of electromagnetic environment are 
being actively investigated both experimentally 
and theoretically. 

Compressor-5 Experiment 

An experiment in accelerating ions by 
e lectron rings and studying problems in ring 
stability and l imits in accelerating rates i s 
being prepared. The apparatus (called Com­
p r e s s o r 5) wil l be s imilar to GompTeasor 3 . 
Although the main features of the des ign are 
fixed, and the apparatus i s under construction, 
some detai ls will undoubtedly be altered by the 
resu l t s of Compressoi 4. 

Once ion acceleration has been accom­
plished, there i s a wide variety in experiments 
to be performed with this apparatus to deter­
mine the l imits of stability of ion-loaded rings 
under conditions of extraction and magnetic 
acceleration. The effects of different ion 
m a s s e s and charges, different numbers of 

ions, different methods of focussing, differ­
ent rates of acceleration, and many other 
parameters need investigation so as to deter­
mine des ign information pertinent to future 
acce lerators . 

SUPERCONDUCTIVITY PROGRAM 

Our super conductivity program has r e ­
sulted in a. number of successful magnet s y s ­
tems as we l l as in rapid advances in funda­
mental s tudies . Perhaps the most dramatic 
success has been a pulsed dipole magnet, such 
as would be used in a future superconducting 
synchrotron, that reached the material short-
sample l imi t with a low cyclic l o s s a s p r e ­
dicted from theory for the 7 ji diameter NbTi 
filamentary conductor. The central dipole 
field i n the 4- in . aperture reached 28 kG 
(without iron) and the Q (ratio of peak stored 
energy to energy loss per cycle) was exception­
ally large , with a value of 600. Several pre ­
vious pulsed dipoles did not reach their mater­
ial short-sample l imits , and we have c o r r e ­
lated the various magnet performances with 
differences in insulation and cooling patterns 
through a dynamic stability analysis . 

DC transport magnet systems are r e ­
quired in accelerator-beam areas and are 
c lose ly related to storage and stretching rings. 
A quadrupole doublet of 15-cm warm bore 
aperture was built by LASL for their LAMPF 
project. We mapped the field within the aper­
ture and obtained the multipole field aberra­
tions and residual fields due to trapped super-
currents . Two large transport sy s t ems have 
been built for Bevatron-area use . They both 
have 2 0 - c m warm bore apertures. The dipole 
has a bending field of 42 kG and i s 3 ft long; 
the quadrupole doublet has a gradient of 6 
kG/in and each quadrupole i s 2 ft long. 

Surprising progress has been made in the 
fabrication of extremely fine superconductors. 

^ 
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We have carried out some 50 short-sample 
tests of production and experimental materials . 
A variety of the latter are 0.003-in. diameter 
wire containing superconducting fi laments 
only 4 u in diameter; some of these have been 
supplied at a 0.001-in. wire diameter with 
1.25 H- f i laments. Some of these tes ts have 
been carried out in the range 0 to 90 kG. We 
have experimentally shown that the sel f - f ie ld 
effect i s much smaller than has been theoretic­
ally predicted. This i s important s ince it af­
fects the maximum composite wire s i ze and 
the cabling together of these wires into a high-
current magnet cable. 

A 91-kG central field solenoid wound with 
NbTi superconductor has been built and used 
to perform short-sample tests up to 90 kG. 
We expect this magnet will reach 95 kG central 
field. The use of the stable and relatively in­
expensive NbTi material to such a high field 
has applications in large volume! high-field 
magnets for detectors and polarized targets. 

PUBLICATIONS AND PAPERS 

1. R. Avery et a l . , The ERA 4 MeV injector, 
IEEE Trans . NrcL Sci. NS-18 (3), 479 
(June 1971). 

2 . R. Avery et a l . , Mechanical Features of 
Electron-Ring Compressors, IEEE Trans. 
Nucl. Sci . NS-18 (3), 488 (June 1971). 

3. R. Avery, E. Hartwig, A. Fattens , Non-
Intercepting Monitor of Beam Current and 
Posi t ion, IEEE Trans. Nucl. Sci . NS-18 (3), 
920 (June 1971). 

4. R. Avery and G. Lambertson, Printed 
Circuit Steering Coils, IEEE Trans . Nucl. 
Sci. NS-18 (3), 885 (June 1971). 

5. R. Avery and J. Tanabe, An Ultra-Narrow, 
High-Quality, High-Field Quadrupole Magnet, 
IEEE Trans. Nucl. Sci. NS-18 (3), 869 
(June 1971). 

6. C. Bovet and C. Pellegrini , A Study on the 
Choice of Parameters for a High Energy E l e c ­
tron Ring Accelerator , Particle Accelerators 
2 , 45 (1971). 

7. W. F. Eaton et aL , Superconducting 
Pulsed Synchrotron Dipole and DC Beam 
Transport Magnets, IEEE Trans. Nucl. Sci. 
NS-18 (3), 674 (June 1971). 

8. A. Ent i s , A. Garren, A. Smith, Negative 
Mass Instabilit ies in* an Electron-Ring Com­
p r e s s o r , IEEE Trans. Nucl. Sci.' NS-18 (3). 
1092 (June 1971). 

9. A. Fattens , E. Hartwig, D. Keefe, W. 
Salsig, Prel iminary Hardware Concepts for a 
High Energy Electron-Ring Accelerator , 
IEEE Trans . Nucl Sci. NS-18 (3), 484 (June 
1971). 

10. W- S. Gilbert, Panel on Superconducting 
Synchrotrons: Introductory Remarks, TKF.E 
Trans. Nucl . Sci. NS-18(3), 629 (June 1971). 

11. W. S. Gilbert and R. Meuser, Super­
conductivity for High Energy Phys ics at LRL-
Berkeley , Part ic le Accelerators 1, 199 (1970). 

12. M. GreiT-, Cooling Intrinsically Stable 
Superconducting Magnets with Supercritical: . . 
Helium, IEEE Trans. Nucl. Sci. NS-18 (3),:,:" 
669 (June 1971). : ' 

13. M. Green, Factors Which wi l l Affect the 
Cost of a Superconducting Synchrotron, 
Lawrence Radiation Laboratory Report "^ 
UCRL-20299, Mar. 1971. 

14. M. Green, Refrigeration of Supercon­
ducting Magnets, Particle Accelerators i, 
213 (1970). 

15. M. Green, Residual Fields in Supercon­
ducting Dipole and Quadrupole Magnets , 
IEEE Trans . Nucl. Sci. NS-18 (3), 664 
(June 1971). 

16. M. Green, Simplified Helium Cryostats 



-H6-

for Superconducting Dipole and Quadrupcle 
Magnets, Lawrence Radiation Laboratory-
Report UCRL-19764, July 1970. 

17. D. Keefe et a l . , Experiments on Forming, 
Compressing and Extracting Electron Rings 
for the Collective Acceleration of Ions, Nucl. 
Instr. Methods 93, 541 (1971). 

18. D. Keefe , New Methods for Accelerating 
Protons and Ions, in Enciclopedia Scienze 
and Teft""che (Mondadori, Milan, 1971). 

19. D. Keefe, Status of ERA Research at 
Berkeley, Lawrence Radiation Laboratory 
Report UCRL-Z0125, Oct. 1970, presented at 
Proton Linear Accelerator Conf., Batavia, 
m . , Sept 28 - Oct. 2, 1970. 

20. G. R, Lambertson et a l . , Recent Experi ­
ments on Forming Electron Rings at Berkeley, 
IEEE TranB. Nucl. Sci. NS-18(3), 501 
(June 1971). 

21. L. J. Laslett and A. M. S e s s l e r , The 
Acceleration of Particles by Collective Fields 
II, Comments Nucl. Particle Phys . 4 , 211 
(1970). 

22. L. J. Laslett and W. Perkins , Betatron 
Amplitude Growth upon Traversing Resonances 
during the Compression Cycle of an Electron 
Ring Acce lerator , Lawrence Radiation Lab­
oratory Report UCRL-20143, May 1971. 

23. E. J. Lofgren, The Berkeley ERA 
Program, IEEE Trans. Nucl. Sci. NS-18(3) , 
456 (June 1971). 

24. E. M. McMillan, The Electron Ring 
Accelerator Program at the Lawrence Radia­
tion Laboratory, Lawrence Radiation Labora­
tory Report UCIiL-20084, Aug. 1970, p r e ­
sented XVth International Conference on High 
Energy P h y s i c s , Kiev, USSR, Aug. 26 -
Sept. 4 , 1970. 

25. R. B. Meuser, End Effects in Supercon­
ducting Beam-Transport Magnets, rF.F/R Trans. 
Nucl. Sci. NS-18(3) , 677 (June 1971). 

26. C. Pe l legr in i and A. Sess ler , Equilib­
rium Length of High Current Bunches in E l e c ­
tron Storage Rings, Nuovo Cimento 3A, 116 
(1971). 

27. J. M. Pe terson et a l . , The Electron Ring 
Accelerator Program at Berkeley, Lawrence 
Radiation Laboratory Report UCRL-20150, 
Oct. 1970, presented at the 2nd National Con­
ference on Part ic le Accelerators, Moscow, 
USSR, Nov. 1 1 - 1 8 , 1970. 

28. J. Pe ter son , Shaking of Particle Beams 
to Neutralizing Ions, IEEE Trans. Nucl. Sci. 
NS-1813), 1049 (June 1971). 

29. F . Voelker and R. Acker, Experimental 
Superconducting Transformer for Current 
Step-up, Part i c l e Accelerators 1. 209 (1970). 

30. F . Voelker , Resistance in Small, Twisted, 
Multicore Superconducting Wires, Part ic le 
Acce lerators i, 205 (1970). 



-117-

BEVATRON 

Edward J. Lofgren in charge 

OPERATION AND PROGRAMS 

During the period of this report a lmost 
5 500 hours of machine time were scheduled 
for higli-energy physics. The research pro­
gram recorded a total of 20 893 hours of e x ­
perimental work. The multiplicity of exper i ­
ments (integrated hours of experimentation 
divided by total hours of machine time d e ­
voted to research) averaged 4.3. 

The Bevatron is capable of operating ap­
proximately 320 days per year; holidays, 
maintenance periods, and shutdown for i m -
provements and major changes average 45 
days per year . Under recent reduced funding* 
ten to eleven weeks per year of additional 
shutdown have been necessary. Thus, the 
effective number of days of operation i s r e ­
duced to about 244 days per year. A 2 i / 2 -
month shutdown occurred between late D e c e m ­
ber and early March. The length of this shut­
down was budget-related; the timing was 
chosen to minimize the impact on the exper i ­
mental program. Major improvement p r o ­
jects were carried out during this t ime. 

Participation in our program by outside 
groups has continued to r i se , their use of the 
machine being about 65% of the recorded e x ­
perimental hours . Twenty outside labora­
tories and universit ies were involved in 
Bevatron experiments. 

MACHINE DEVELOPMENT 

Resonant Extraction of the EPB 

The project to create an operational r e s o ­
nant-extraction system for the external pro­
ton beam culminated this year with the instal ­

lation of the completed system. This method 
of beam extraction util izes the 2 /3 resonance 
of the radial betatron oscillations. Resonant 
beam growth i s produced by a local field 
perturbation. Long beam spills may eas i ly be 
produced. The local field perturbation also 
contains a coi l to produce fast spil ls ( ~ l / 2 n s e c ) . 

Completion of mis system involved i n ­
stallation of a new thin-septum magnet (Ml), 
a new pole-face-winding power supply s y s t e m t 

a system to suppress ripple in the Bevatron 
magnetic f ield, and expansion of the digital 
control sy s t em to automatically control the 
acceleration s y s t e m of the Bevatron. 

Septum Split of the EPB 

The s u c c e s s of the system of septum-, 
magnets instal led las t year in channel I of the 
EPB encouraged us to install a s imi lar s y s t e m 
to accomplish a simultaneous sharing of the e x ­
tracted beam between EPB Channels I and IL 
This new s y s t e m was installed during the 
shutdown in January and February !bf : this 
year. Thus i t i s now possible to share the 
beam simultaneously between three end-
station target areas with great flexibility. 
Multiple energy operation i s retained as an 
important feature of this system. 

Computer Control 

The new magnet elements of the mult i ­
channel E P B sys tem are digitally controlled 
using a P D P - 8 processor such that their^cur-
rents are continuously related to the changing 
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field of the Bevatron magnet. As i s the case 
with all the other magnets in the s y s t em, the 
operator may introduce special programming 
into the control functions. 

The accelerator guide-field, under digital 
control for the past year, has undergone con­
siderable refinement in control of both abso­
lute field value and ripple components. A 
high-resolution field detector has achieved 
pulse-to-pulse stabilities of ± 1 G . Digital 
processor control within several c losed loops 
compensates for a wide variety of uncontrolled 
variations. 

A comprehensive 256 channel analog/ 
digital data acquistion system has been 
created for detection and ultimate reduction 
of incipient fault conditions associated with the 
ignitron rect i f iers . Digital techniques have 
made a significant contribution to the overall 
improvement of guide-field quality and s ta ­
bility, s o necessary for implementation of 
reBonant extraction technique. 

A major step was taken to achieve better 
and no i se - free control of the rf acceleration 
sys tem of the Bevatron. The low- leve l rf 
frequency modulation syetezn with i t s multitude 
of analog correction-signal inputs was r e ­
placed with a digital system incorporating a 
digital processor . 

High Bri l l iance Ion Source 

The l o s s at injection which characterizes 
all large synchrotrons i s not understood to 
date. There may be numerous contributing 
factors. However, a controlled emit tance- -
and, hence , br i l l iance--are essent ia l for a 
more efficient injection and trapping-process. 
Therefore we have rebuilt our 500-kV 
Cockcroft-Walton to give 750 kV. This system 
will soon be under test. 

Cryogenic Pumping; 

Gas scattering still causes a substantial 

loss of part ic les at injection. "We bel ieve 
that the relat ively large amount of organic 
compounds which are pumped poorly by con­
ventional diffusion pump are the main problem. 
Hence, we are planning a cryogenic pumping 
system for the Bevatron vacuum tank. This 
system cons i s t s of a liquid-nitrogen enclosure 
which houses a helium line of 20° K. The com­
bination of liquid nitrogen and low-temperature 
helium gas wi l l more than double the present 
pumping capacity. Furthermore, the liquid 
nitrogen wil l be a great help to pump down 
quickly after a shutdown; in particular, water 
and other solvents should be removed very 
rapidly. 

Superconducting Beam Transport 

Superconducting beam transport e lements 
were completed for test and evaluation in a 
Bevatron secondary-particle beam. A di-
pole and a quadrupole doublet were designed 
and built for use in high-momentum pion 
beams. Bom are 8-in. diameter warm bore. 

High-Voltage Separator 

The in teres t in precision experiments of 
rare decay modes of K-mesons has increased; 
thus it became evident that the development of 
K-bearns m u s t be pursued. Since a substantial 
los s of low momentum K i s £ue to decay in 
flight, the length of the hardware components 
must be reduced; this means, among other 
i t ems , shorter separators with the s a m e l V d s 
across the beam. An alternative solution 
would be to superimpose the e lectric and the 
magnetic f ield for separation and dispers ion, 
respectively. Both uolutions are under in ­
vestigation, and some tests are under way. 

High-Intensity Stopping K - 3 earn 

The des ign of a high-intensity stopping 
K-b earn i s in progress . The goal i s to build 
a separated beam which will yield 10 stopped 
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K per pulee in a background of 10 part ic les ; 
the method wi l l be to use specially designed 
beam elements in a short beam with a l a r g e -
solid-angle acceptance. Beams of this d e ­
scription exhibit very large second-order 
aberrations, both spherical and chromatic, 

which can .. .-• partially corrected with, sextupole 
components. A program of optimizing p o s ­
sible beam designs and of comparing these 
optimized designs i s under way, with, the par -
pose of finding the bes t and least expensive 
design. 
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184-INCH SYNCHROCYCLOTRON 

James T. Vale in charge 

This accelerator, used for nuclear 
physics , nuclear chemistry f and medical 
work, i s bas ic to the Medium Energy Phys ic s 
Program of the Laboratory. Unique in i t s 
flexibility with regard to particles accelerated, 
i t provides intense internal and external beams 
of protons (740 MeV) and correspondingly e n ­
ergetic deuterons and helium ions. MeBons 
and neutron beams produced by these part ic les 
are also available and are intensively used. 
At present, the cyclotron operates on a 
schedule of 19.5 shifts per week, including 
0.5 shift for maintenance. About 50% of i ts 
running time i s for outside groups. 

Completed this year was the experiment 
to test t ime-reversa l invariance by means of 
the reaction np -*• dy; several institutions 
were involved in this work: LBL, UCLA, 
University of Michigan, and University of 
Washington. The checking of time reversa l 
by detailed balancing using p + d±* He + v i s 
currently being measured by an LBL - UC 
Santa Cruz collaboration. 

Also finished was the measurement of tile 
moon magnetic moment. With the same 
equipment, a study of the depolarization of 
muons in condensed media was carried out. 

Use of ir~ radiative capture reactions on 
various nuclei to study nuclear structure i s 
continuing. Prel iminary work on the ir-capture 
v -ray spectra has been done for 
16^ 2 4 . , , 4 0 -

O, Mg, and Ca. 
Under way are experiments to determine 

the A magnetic moment (UCLA), to measure 
the spin correlation parameter for proton-
neutron e las t ic scattering (Universi'." of 

Toronto), to m e a s u r e the differential c ros s 
sections for tr d e last ic scattering (UBC). and 
to test for a parity differer.ee between the m u -
on and the e lectron (University of Arizona). 

Calibrations for various detectors used in 
Bpace physics have been carried out by NA5A-
and NSF-supported groups. A collaboration 
between Clarkson College and LASL, m e a ­
suring neutron energy distributions from pro­
tons on uranium, has been completed. 

The biomedical program, although it u s e s 
only approximately 7% of the accelerator 
t ime, i s an important aspect of the medium-
energy physics activity. This program con­
s ists not only of research with animals, but 
also of treatment of patients by techniques 
that have been we l l established through many 
years of development- The mainstay of these 
treatments has been the irradiation of the 
pituitary gland, but an expansion of the pro­
gram i s planned with the completion of the new 
body posit ioner, scheduled for the beginning of 
FY 1972. 

The increasing use of the 184-inch facil ity 
by outside groups has placed a heavy load on 
the operation effort of the machine. To pro­
vide efficient use of the facility, the external 
proton beam has been developed. For one 
thing, a variable-energy low-flux beam was 
constructed. It i s now possible for two e x ­
periments to share the beam simultaneously; 
as a result , a highly polarized muon beam, a 
variable-energy pion beam, and two l o w - e n ­
ergy pion beams will be set up for the current 
experiments, as wel l as for future runs. 

Other improvements are: 

http://differer.ee
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dc power-supply annex completed; meson 
cave special-platform blocks completed and 
installed; c lean-air system completed; all 
gaskets in the external beam tube replaced; 
new second-dee sys t em begun; two new " C" 
maguets received and put into service; addi­
tional shielded magnet stands fabricated and 
put into use; an additional portable counting 

room constructed and put into service; the 
1250-KW generator and the 2-MV generator 
overhauled; additional general-purpose 
shielding blocks procured; design and m a ­
terial procurement of large 22" X 66" picture-
frame magnet wel l under way; radiation moni­
toring system completed; and a record num­
ber of experiments se t up. 
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