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EXPERIMENTAL PHYSICS, GROUP A

Frank T. Solmitz in charge

K82 EXPERIMENT

Margaret Alston-Garnjost, Angela Barbaro-
Galtieri, Stephen Derenzo, Stanley M. Flattd,
Jerome H. Friedman, Gerald R. Lynch,
Monroe S. Rabin, Frank T. Solmitz, Philip
Davis, Maxine Matison, Norman Uyeda, and
Victor Waluch

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

K+g = 1r+g K

More than 4500 events with a visible K°
were found. Detailed fits to the reaction have
been made using the Bardacki-Ruegg general-
ization of the Veneziano 5-point function, with
several different sets of assumptions. 1 We
find that the quality of the fits depends to a
large degree on the choice of kinematic fac-
tors, and we also find that a good fit can be
obtained only by using five adjustable param-
eters, nmmltiple trajectories, and several
kinematic factors. (Submitted to Phys. Rev.)

Virtual 5'p Scattering
" In the reaction K'p— K*(B9D) x'p, the x'p
maﬁ,s ypectrum au.d decay-angle distributions,
as a function of momentum transfer from the
incoming proton to the 1r+p system, are stud-
ied for 1r+p effective mass less than 2 GeV.
The experimental results (9000 events) have
'been compared with the two-parameter Dilrr-
Pilkuhn OPE model. Discrepancies between
experimental results and theoretical behavior

are exhibited. The study will be published
soon.

Low-Maga Krw Systems

A study bss been made of the Koo system
in the regioa of the Q enhancement (1.1 to 1.5
GeV) in the reactions K+p -p 2°at, A
two-peak structure is observed: a QL with
ML ~4.26 GeV and T, ~0.42 GeV, and QH

with MH"' 1.42 GeV a.:‘d T‘H'O.OB GeV. The
KN {1420) does not account for the QH‘ Per-
forming Dalitz-plot fits, we find that the Q
decays into K.v(890) w, p{765) K, and €(700) K.
ihis work will be published soon.

Quasi-Three- Body Final States

The mass spectra of the reactions
K'p - pk*s, &~ Kk', and K'p »pKTs,
w- 171"s® are under investigation. Low-mass
ephancements in K$, Kw, and pw are obaerved.

Ky Scattering

More than 1300 events of the reaction
K+p - Kn AH are being used to study Kr scat-
tering through the Veneziano formalism. The
theoryis unitarized in each partial wave by use
of the K matrix formalism. Data analysis is
under way.

1. Victor Waluch, Stanley Flattf, Jerome H.
Friedman, and Denis Sivers, A Detailed Com-
parison of the Generalized Veneziano Model
with Data on K¥p-»#7pK® at 12 GeV/c, Law-
rence Radiation Laboratory Report UCRI~
20107, Feb. 1971.
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K70 EXPERIMENT
Robert D. Tripp

In collaboration with the University of
Chicago, we are analyzing 600000 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 well as to
study the sequential reactions:

K™p —~ Z(1765) - A{1520) +
-~ Z(4385) + .

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

ANTIPROTONS IN DEUTERIUM

Marpgaret Alston-Garnjost, Ronald Huesman,
Ronald R. Ross, and Frank T. Solmitz

. This study of antiproton interactions in
deuterium is being done by a collaboration of
three Italian laboratories (Padua, Pisa, Turin)
with LBL physicists. The CERN 841-cm bub-
ble chamber was exposed to antiprotons with
momenta between 1.0 and 1.6 GeV/c, yielding
182000 events. First and second measure-
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- 777 1" between 2.08 and 2.29
we found that the popula-~
tion of the 3w Dalitz plot (a total of 232Bevents
at all energies) is strongly nonuniform and
shows 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. 1
A study of the total crose section is in pro-
gress.

GeV c.m. energy,

1. A. Bettini, M. Cresti, M. Mazzucato,

L. Peruzzo, S. Sartori, G. Zumerle, M.
Alston-Garnjost, R. Huesman, R. Ross, F.
T. Solmitz, L. Bertanza, R. Carrara, R.
Casali, P. Lariccia, R. Pazzi, G. Borreani,
B. Quassiati, G. Rinaudo, M. Vigone, and
A. Werbrouck, The Annihilation pn ~ n¥rs~
Between 1.0 and 1.6 GeV/c and Its Compar-
ison with the Veneziano Model, Nuovo Cim.
44, 333 (1971).

7 p INELASTIC REACTIONS

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

A systemctic study of 7 p inelastic inter-
actions from threshold to 2 GeV/c is being
carried out by LBL and SLAC, based on about
85000 Nmn events from several bubble cham-
We have undertaken two analyses:

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

bers. 1

TK(Nmr) S8, T“A (An) + 2

+ta, Tka (Na).

Kp Txp(Np) (1)

b) In parallel with this ambitious program,
we made a simpler fit to the data in th A" band
only:

T, {Nun) = o, T‘(An). (2)

We have published two fits to this A" model in
the 1688-MeV region, each with resonant D
and F,; waves, plus background.?

We have now developed a general program
for maxirmum likelihood fits to Eq. (1), and
have obtained fits using 50 000 Nrw events be-
tween 1640 and 1800 MeV. The events were
divided into six energy-bins, and independent
fits were made to the model in each bin. We
permit 60 "waves'" (combinations of partial
waves and final-state resonances), but get
respectable xz with only 20 to 30 waves. Our
only satisfactory solution does not agree very
well with either of the solutions to Eq. (2).

For further details see the thesis of Larry

15
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Miller. 3
As a byproduct, we have also published a
study of 80000 elastically scattered events. *

1. A. D. Brody etzl., Experimental Reaults
on the Reactions v p~ wwN in the e.m. Energy
Range 1400-2000 MeV, Stanford Linear Accel-
erator Center Report SLAC-PUB-941 and
Lawrence Radiation Laboratory Report UCRL-
20856, June 41974; also, Supplement 4: Tables
and Plots of Momenta of Angular Distributions,
2. A. D. Brody et al., The Reaction w p-wA
at CMS Energies 1640-1760 MeV, Phys. Let-
ters 34B, 665 (1974).

3. L. R. Miller, Iscbar Model Fit to the Re-
action No— Nrx: Fitting Procedures and Fits
at 1.7 BeV (Thesis), Lawrence Berkeley Lab-
oratory Report LBL-38, Sept. 1974.

4. A. D, Brody et al., 7 p Elastic Scattering
in the CMS Ener gy Range 1400-2000 MeV,
Phys. Rev, D3, 2649 {1971). Two supplements
bhave algo been printed, but are not to be pub-
lished: Tables of Cross Sections and Poly-
nomial Coefficients, Supplement 1 to SLAC-
PUB-789 and UCRL~20223; and A Comparison
of the Results of Elastic Scattering Phase Shift
Analyses, Supplement 2 to SLAC-PUB-789 and
UCRL-20223.

66 EXPERIMENT

Between February and August 1966,
665000 pictures were taken of #" mesons in-
cident on deuterium in the 72-in. chamber.
The beam momentum ranged from 1.1 to 4.2
GeV/e.

o'd Interactions from 2.7 to 4.2 GeV/c
Orin L. Dahl and Paul L. Hoch

We are studying about 20000 strange-
particle production events (with a visible A or
K® decay). The rest of the 2.7- to 4.2-GeV/c
exposure is being analyzed at Purdue and
Dlinois.

We have investigated certain OME-forbid-
den reactions, using data from this experiment
and our previous 7 p exposure. We have mea-
sured the electromagnetic mass difference in
the K*(890) to be Am=m(K*?)- m(&*%)=-3.614.0

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

#'d Interactions from 1.1t0 2.4 GeV/c
Orin L Dahl and Paul L. Hoch

The reaction w'd-» (p) prie"u® has been
studied in a 264 000-picture bubble-chamber
experiment with pion beam momentum between
1.4 and 2.4 GeV/c. The most significant fea-
tures of the final state are production of n and
w mesons in the reactions

an - np,

ra - wp,
The n production characteristics are well de-
scribed by a Reggeized Az-exchange model
using Veneziano-type residue functions. The
© production and decay characteristics have
been analyzed, and it is found that a p-exchange
model with absorptive correcti isinadequate
to describe the data. !

1. J. S. Danburg, M. A. Abolins, O. 1. Dahl,
D, W. Davies, P. L. Hoch, J. Kirz, D. H.
Miller, and R. K. Rader, Production and De-
cqy of n an.q_u_ Mesons in the Reaction

v'd-~ (p)pr ® u” Between 4.1 and 2.4 GeV/c,
Phys. Rev. D2, 2564 (1970).

P65 EXPERIMENT
Eugene Gellert

An exposure of the 72-in. hydrogen bubble
chamber to protons st 5.5 and 6.6 GeV/c was
made in 1965. Using this film, we are study-
ing the inclusive reactions for 1r',1r+, p» and n
production for all strange topologies (2, 4,
and 6-prongs) at 6.6 GeV/c. A preliminary
paper‘ discussed the case of single-particle
proton distributions for 2- and 4-prongs; this
is being extended to the above particles, and
to models other than that of Krisch.

The study of the reaction pp~ ppr'x” has




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 sections
and ratios of cross sections for the K°Lp and
K'p systems are also given in the same pub-

lication.

1. G. W. Meisner and F. 5. Crawford, Inter-
actions of Neutral K Mesons with Hydrogea,
Pbys. Rev. D3, 2553 (1974).

SPARK CHAMBERS AND COUNTER STUDIES

OrinI. Dahl, Morris Pripstein, and Michael
Wahlig

Neutral Final States in v_p Interactions

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

vp—+ o (1)
- m 2)
- an’d®. 3)

All particles in the final state (produced
inan I..li-lz target 8-in. long) are detected by
means of 20 neutron counters and a 4w solid-
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 daia-collection phase was completed in the
apring of 1970, with a total of about 4.25 mil-
lion pictures taken. At present, we are in the
midst of an intensive long-range analysis of
this data, which is expected to continue through
FY 1972. The main goals of the analysis are:
1) to study the energy dependence of the differ-

ential cross-sections for purposes of making an
S-channel partial-wave analysis; 2) to com-
plete a high-statistics measurement of the neu-
tral decay modes of the n meson; and 3) to
study the 2’2" system in a search for scalar
mesons and to measure the S-wave 7-7 phase
shifts.

Polarization Parameter in #"p > nu®

Using much of the same equipment as in
the preceding spark-chamber experiments, but
replacing the LH, target with a polarized tar-
get develaped at LLBL, we have set up an ex-
periment at the Bevatron to measure the polar-
ization parameter in the reaction 7 p —~ ns® at
various beam momenta between 1000 and 1600
MeV/c. No such measurements have as yet
been made in this energy region. The equip-
ment is all set 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 is being done in col-
laboration with members of the Segrk-Cham-
berlain and Kenney-Helmholr groups of LBL.

Study of w_p-enw®, pn, and nfe®

In collaboration with members of th~
Kenney-Helmholz group of LBL and scientists
from Cal-Tech and NAL, we are preparing an
experiment to study the above reactions at
NAL. The two-body reaction cross sections
are among the most important measurements
to be made in the new high-energy region avail-
able at NAL. A measurement of the forward
differential cross sections of the *°n and 10 re-
actions provides the most direct experimental
test of the validity of the simple Regge theory
at these high energies. Sacondly, the 0-deg.
crosa section of the charge-exchange reaction,
= p ~ 2°n, is sensitive to amall differences
between the ¥ p and t+p total cross sections,
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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 # p = nt®1” to search for new
I1=0and =2 boson resonances.

The experiment utilizes a new scheme to
accurately determine the 2% or m directions.
The detector ie a counter hodoscope, com-
posed of 440 narrow 'finger counters" that lo-
cate the shower position and integrate its total
energy loss. This knowledge allows one to
uniquely solve for the #° or 1 direction. Tests
have already been made at SLAT 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 garmuna rays and charged par-
ticles has been designed, and prototypes have
been successfully tested at the Stanford Mark
I linear accelerator and at the University of
California Davis cyclotron. Construction and
final testing of all the apparatus should be
completed in a few months time.

COSMIC-RAY EXPERIMENTS

I-nlgl_:-ﬂﬁtude Particle Fhysics and Cosmic-
y perime acility

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

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

Qur Small Supercorducting Magnet (SSCM)
gondola system was succeasfully flown on 18
September 4970 and again on 7 May 1971 from
Palestine, Texas (Fig. 4). The film from the

Fig. 4. Gondola is held in place until launch
by Tiny Tim, the HAPPE (High Altitude
Particle Physics Experiment) lannch vehicle.
Instruments ~-which included a supercunducting
magnetic spectrometer and an array of optical
spark chambers--have recorded 60000 spark-
chamber pictures on each flight,
(XBB-717-3262)

firat flight has been measured on &n automatic
encoding machine, and the measurements bhave
been interpreted to yield a momentum spec-
trum for individual elements ranging from hy-
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 5x 103 evernts. The
data of the second flight will increase the sta-
tistics as well as eliminate a correction to the
data due to delia 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 p=rformed by SSCM will enable

drogen to neon.
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us to separate individual isotopes of the cosmic
rays up through neon. Of particular interest
is the isotop Be, wh radioactive decay
permits axiu.uambigum ""dating” of the cosmic
rays. Further, the ratios of source isotopes,
such as carbon or oxygen, provide useful in-
formation bearing on the nuclear processes
that are going on in the cosmic-ray sources.

Our proposal to NASA to measure sep-
arataly the electron and positron spectra in
the second High-Energy Aﬁrono-my Observa-
tory (HEAQ) Satellite has been accepted. Early
studies of cryogenic design and other technical
problems are now under way, although exten-
sive funding of this project is not possible until
mid-1972. The testative launch date is mid-
4976. Our apparatus will utilize a i-year-
lifetime liquid-helium dewar for our super-
conducting magnet. The electron or positron
trajectory will be measured in a wire-chamber
system close to the magnet, and the energy
will be separately measured in a total-absorp-
tion counter. The resulting spectra will shed
light on the propagation of cosmic rays, their
interactions and leakage from the galaxy, and
will give further information about the cosmic-
ray sources.

LBL~SLAC Cosmic-Ray Experiment

Stanley M. Flatt€, Richard DeCoster, M. Lynn
Stevenson (LB1); William Toner and Ted
Zipf--SLAC

With the apparatus shown schematically
in Fig. 2, we have gathered over 1.5 million
pictures of cosmic-ray muons in spark cham-
bers. The low-momentum cutoff is about 5
GeV/c, and the angular acceptance covers 50°
to 90" zenith angle. The Geometry-Time fac-
tor for the experiment is approximately 2X 10°
cmz-sr-uec. More than 300 events with mo-
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-

280 By F

13
O

-Hi ground Iewi

Fig. 2. Schematic of apparatus for cosmic-
ray muon experiment: A, B, -and C are
scintillation-counter hodoacopes, M is a

30 kG-m airgap magnet, and 1 to 6 are opticul
spark chambers. Mirrors to give a 90 deg
stereo view of each chamber are not shown,

nor is the 70-mm camera which views from a
distance of 20 m. (XBL-712-2961)

responds to the bend of a 2000 GeV/c particle.
With these data, we see no evidence for anom-
alous l:mun'm1 above 1 TeV. The resuilts for
momenta above 1 TeV were presented at the
Stanford APS meeting and have been publisbedz
(see Fig. 3).

i. H. E. Bergeson et al., Evigence for a
New Production Process for 10 “-eV Muons,
Phys. Rev. Letters 19, 1487(1967) and 41th
Isnt. Conf. Cosmic Rays, Budapest, 1969, MU
1.
2. S. M. Flai-€, R. J. DeCoster, and M. L.
Stevenson, Zenith-Angle Distribution of Atrno-
spheric Muors Above 1 TeV, Phys. Letters
358, 345 (1971).
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Fig. 3. Aangular distribution of atmospheric
maons above 1 TeV. The solid curve is the
best fit to the conventional model of pion and
kaon decay, using all our data above 0.3 TeV
with an absolute normalization constraint from
other experiments represented by the cross.
Qur data, the vertical point, and the curves
are absolutely normalized. The Utah data
are from their smallest depth (2400 hg/cm?)
and represent a slightly lower energy than
our experiment. The Utah points have been
slightly shifted in absolute normalization so
that they can be directly compared with the
theoretical curves. parameter x mea-
sures the ratio of ancmalous muons to plons
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 selected samples of Apollo XI and
XII material was carried out at the Manned
Spacecraft Ceater in Houston, Texas, in April
of this year. No moncpoles were found in cver
10 kg of lunar material. Detailed analysis of
the measurements and interpretation of the re-
sults are being worked on now. A final report

~11 -

has been prepared concerning the Apollo XI
search carried out previcusly. 1

Work is progressing on a target and trap
for the approved experiment to search for
monopoles produced by the NAL beam. An
exposure of the target is anticipated in early
ig72.

1. Philippe H. Eberhard, Ronald R. Ross,
Luis W, Alvarez and Robert D. Watt, Search
for Magnetic Monopoles in Lunar Material,
Lawrence Radiation Laboratory Report UCRL-
20835, June 1974, to be published in Phys.
Rev.

DETECTOR DEVELOPMENT

Detectors Using Liquified Noble Gases

Luis W. Alvarerz, Stephen E. Derenrzo, Gerard
Smadja, Robert G. Smits and Haim Zaklad
(1BL); Richard A. Muller (Space Sciences Lab-
oratory); University of California, Berkeley

We have studied the proportionality, e G-
ciency, and gain of a single-wire proportional
chamber and the spatial resolution of a multi-
ple-wire ionization chamber, both filled with
kquid xenon. In developing these counters, we
are following a suggestion by Alvarez that we
might over fandamental limitationa
of conventional spark chambers and multiwire
proportional chambers--which are unable to
achieve a ppatial resolution much better 200
u-~by decreasing the thickness of the chamber
and inereasing the density of the detecting
medium. 1

The geometry of our single-wire chamber
is similar to that of a standard gas-filled pro-
portional counter pt that the anode wire is
extremely fine, as small as 3.5y in diameter,
in order to have high gain without spurions
electrical discharges. The chamber is approx-
imately 100% efficient in detecting the alpha
particles from its internal americium-244
source. Its low-voltage behavior can be under-
stood in termns of electron avalanche with a




Measurement of the T = 3/2 K Elastic Scat-
tering Cross Section, Lawrence Radiation
Laboratory keport UCRL-19426 Rev., Feb.
1974, submitted to Phys. Rev.

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

12.
Photoproduction from a Polarized Target at
5 and 16 GeV, Phys. Rev. Letters 25, 835
(1970).

C. Morehouse et al., Asymmetry in 'rr+

13, C. C. Morehoust, Photoproduction of nt
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 Elastic e p Scattering at 15 and 18 GeV
{Thesis), Lawrence Radiation Laboratory Re-
port UCRL-20093, Aug. 1970. ‘

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

_54.

16. 5. Rock, Search for T-Violation in the
Inelastic Scattering of Electrons from a Po-
larized Proton~ Target (Thesis), Lawrence
Radiation Laiboratory Report UCRL-20041,
Aug. 1970.

417. D. H. Saxon, J. H. Mulvey, and W.
Chinowsky, 7 p Reactions at 456, 505 and
552 MéV¥/c, Phys. Rev. D2, 1790 (1970).

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

19. Clyde E. Wiegand and Richard H. Pehl,
Me=asurement of Kaonic X Rays from 4I-Ie,
Lawrence Berkeley Labotatory Report
LBL-22, July 1971.

20.
tectors in High-Energy Physics, Lawrence
Radiation Laboratory Report UCRL-20042,
Sept. 1970, presented at Intl. Conf. on In-
strumentation for High Energy Fhysics,
Dubna, USSR, Sept. 8-12, 1970.

Clyde E. Wiegand, Semiconductor De-
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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-Resolution Noble
Liquid Detectors, Lawrence Radiation Labora-
tory Report UCRL-20148, Oct. 1970, and Na-
tional Accelerator Laboratory Summer Study
Report SS5-184 (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-20435, 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 27, 53Z (1971).
4. S. Parker et al., 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.
16, 658 (1971).

5. R. Jones et al., Quantameter Test Pro-
gram, LRL Physics Notes, 5 January 1974.

6. S. Parker et al., University of Hawaii-
LRL Quantameter Test Program, Phase II,
SLAC Users’ Bulletin, 3 February 1971.

7. D. Yount, Delta Rays and the Proportional
Quantameter, UH-511-92-71.

PARTICLE DATA GROUP

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

This group is involved in three major ac-
tivities:

{(2) The annual issvance of "Reviews of Par-
ticle Properties, ' which is published alter-
nately in Rev. Mod. Phys. and Phys. Let-

1,2
ters.

(b} The coﬁ:pilation of data on particle
cross sections. These reporte are printed
and distributed by both CERN and LBL.> The
two compilations now under way are p and at
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 sysiem
which will handle the storage, retrieval, and
output of both data and references on particle
cross sections. We ars 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. Roos et al., Review of Particle Prop-
erties, Phys. Letters 33B, 1 (1970).

2. A. Rittenberg et al., Review of Particle
Properties, Rev. Mod. Phys. 43, 81 (1974).
3. O. Benary et al., NN and ND Interactions
Above 0.5 GeV/c--a Compilation, Lawrence
Berkeley Laboratory Report UCRL-20000 NN,
Aug. 1970. :

DATA-REDUCTION OFERATIONS s
Edward H. Hoedemaker

The manpower level of the Scanning and
Measuring group averagea 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 2384856. The group measured 989 747
events; the relevant breakdowns are shown in
Tables II and TI¥. -
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Table I. Scanning distribution.

Experirient name Frames of first Frames of second and Sczn effort
{mznber) production scan  third production scans
High-aititude
baloor exp. (22)
18t 3can 36757 704.5
2nd scan 3279 95.4
Misvcellaneous 508.6
=82 (32)
fat scan 557922 4452.6
Zrd scan 44292 367.8
Miscellaneous 5695.2
#* Decay (35)
{st scan 66274 771.0
Znd scan 7100 116.9
ZMiscellaneous 89.2
Lawer (37)
{st scan 330208 1469.5
2nd & 3rd ecans 327738 1348.8
Miacellaneous 3479.3
CR&9 (42)
ist scan 265958 705.8
2nd & 3rd scans 246564 584.3
Miscellaneocus 1181.2
Sing (43)
ist scan 175833 3451.4
2nd & 3rd scans 27006 539.3
Miscellaneous 2570.3
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Table II. Breakdown of measurements by

machine used.
Machine Events Measuring
__hours
Franckenstein 5445 951
Spiral Readers 792 134 12 353
SASS 192 168 2988
Total 989 747 16292

Table III. Breakdown of measurements by
experiment.

Bubble chamber
experiments

Name (number) Description Number of
events
Purdue (45) td 48356
782 (32) n*p, 62 in 636970
Lager (37) yp, 82 in 24248
K70 (44) K'p, 25in 80388
K67 (46} K'p, 25in 35737
Miscellaneous 1880
Total 797579
Spark chamber
experiments
N® decay (35) p. optic, 30202
n TOF
Nun (43) © p, optic, 161966
n TOF
Total 192 168
Total for group 989 747

{5~

PROGRAMMING EFFORT

B. Pardoe (supervisor), U. Arkadir, O. 1.
Dahl, N. L. Gould, M. Hoffman, M. S.
Hutchinson, W. O. Koellner, M. Leavitt,
E. G. Lieberman, S. W. Reynolds, E. A.
Romascan, and J. J. Wilson

Bubble-Chamber Programs

The new version of the Spiral Reader fil-
tering program (POOH), which searches for -
the tracks missing in a given view using infor-
mation from the tracks 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 will have a pass rate ap-
proaching 99%.

Logic is also being incorpcrated into POOH
to detect tracks incorrectly flagged as stopping
which actually pass through the top glass of the
bubble chamber.

A further reduction (by 4K words) in the
field length of SIOUX, the program for recon-
structing and fitting bubblé-'cbunber'events,;;a
is being effected by use of new input/output .-
routines; and the general event-handling pro-:
gram MERGE-SELECT for merging tapes of-
data and collecting specified events:from as:>
tape, has been par-t.ly recoded with a conse-::
quent increase in execution speed of '&bﬂlﬂZS*.

I3

Spark-Chamber Programs

The SASS system was readied for the High
Altitude Particle Physics Experiment, and-a.
preliminary pass has been made through the
60000 events recorded during the:balloon
flight of September 4970. E

The programming work for the cosmic-
ray angular-distribution experiment was com-
pleted {apart from minor modifications: which
may be necessary in'future), and the exper-"~
imental data are now being processed.
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Streamer-Chamber Programs

Preparation has begun for the streamer-
chamber experiment and methods are being
discussed for the data reduction. A program
to simulate measurements of streamer-
chamber film is being developed.

General Support

The initial operating program for the
computer-driven Franckenstein measuring
projector (MPIIB) was completed, together
with hardware check-out programs and var-
ious softwarec maintenance programs. One of
the features of the operating system is the
use of track-off-center information, provided
by the hardware, to determine more precise
track coordinates. This permits the tracks
to be measgured faster as the cross-hairs do
not need to be kept as closely aligned to the
track as with the other Franckensteins.

Extensive changes have been made in our
fitting program OPTIME, including introdue-
tion of additional estimators and stepping pro-
cedures. Currently, efforts are being di-
rected to reducing the cost of vsing the pro-
gram. The program is already in use at var-
ious domestic and foreign institutions.

The Crossplot program, which the Par-
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 pregram used
by the Goldhaber group, was made available.

In conjunction with Nuclear Chemistry,
we are developing a computerized multifont
editing and type-setting system, comprised--
ultimately--of CRT terminals connected to a
PDP-8 which is interfaced to the CDC-6600.
The PDP-8 will handle the editing and dis-
play functions; and the CDC-6600 the more
complex functions of page composition,

data—base manipulation, etc. The composed
page will be set on a SC-4060 microfilmer.

PUBLICATIONS AND PAPERS

1. M. Abolins, G. Smith, Z. Ma, E. Gellert,
A. Wicklund, Comparison of Proton Momen-
tumn Spectra in Proton-Proton Collisions In-
volving Pion and Kaon Production, Phys. Rev.
Letters 25, 126 (1970).

2. M. Abolins, R. Graven, R. McCarthy,

G. Smith, L. Smith, A. Wicklund, R. Lander,
D. Pellett, Search for T =1 Bosons Near 1GeV
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. Flatté, 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/¢: 1r+p Interactions, Phys. Letters 33B,
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EXPERIMENTAL PHYSICS

Barion J. Moyer and A. Carl Helinholz in charge

This Group's research program continues
to be diversified, involving experiments
utilizing the Bevatron 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 both hadron physics and the weak icterac-
tions.

As in previous years, considerable effort
bas gone into instrumentation, especially
spark chambers, Charpak chambers, and
readout devices. Effort is presently directed
toward developments of multiwire chambers
and methods of readont of the 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 NAL ENERGIES

Robert W. Kenney, Michael Wahlig, Orin
Dahl, and Morris Pripstein

In collaboration with Cal-Tech we have
an investigation of the reaction x"p-=1"n
scheduled on the first round of NAL experi-
ments. The differential cross section at small
momentum transfer [t < 2(G/c)®] can be
measured with adequate counting rates up to
200 GeV; this information will lead to two dif-
ferent end exciting results:

1. The totzl cross section, deduced with
the aid of the optical theorem, will give the
most sensitive test of equality of v p and ""p
total cross sections, thereby testing the

Pomeranchuk theorem. Perhaps some of the
conflicting results surrounding this point will
be 1aid to rest.

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

Our proposed measurements of dg/dt are
directly predictabie, and the data will bear
equally directly and immediatsly upon theoreti-
cal activity above 100 Gé¥.

At this writing, scheduling uncertainties
prevail st NAL. We expsct to complete cur
preparstions in January 4972 and hope to be
installed at NAL during the coming spring.

CHARGE-EXCHANGE POLARIZATION

The slementary pion-nucleon charge-ex-
change reaction = p-- x°n has been extensively
studied in the resonance region without much
attention having been given to the neutron
polarization parameters. Significant contribu-
tions to phase-skift analysis are expected from
this work, perbaps even a unigue energy track
eelection from the myriad phasa-shift solutions
throughout the resonance region.

The experimental seinp is progressing with
data-taking expectad to bagin before the end of
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1974. Fight-hundred running hours on the
Bevatron are approved for this collaboration
with Group A and the Segr®-Chamberlain group.

NEUTRAL DECAY MODES OF THE n® 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 aof the n° into the states yy, sy, and
33®. 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 this prob-
lem convincingly on the basis of data we have
acquired during the past and present fiscal
years.

In our experiment (done in collaboration
with Group A), selection of the reaction
2°p +n®n is made by time-of-flight and
angle dsterminations on the neutrons. The
correct neutron counter signaturs triggers the
chambers, thus displaying the array of
showers and allowing identification of the
particular neutral final-state through shower
multiplicity and kinematic determinations.

Preliminary results for the branching
ratios have becn obtained and are reported in
aPh D. thesis.! I is found that

( = 0.580%0.013

n®- all neutrals

.'L'L:"—_ = 0.420%0.015.
n®-all neutrals

Furthermore, it is found, with 95% confidence,
that

L]
R(n-.-.—:.ur_:.-) < 0.061.
L neutr

Reduction of these statistical errors i# cur-
rently being carried forward with the other
phaces of our v p data, and the final results
will appear this year. Further investigation
is under way of the wyy final state. The error
in the measurement of this branching ratio
can be significantly reduced. The experiment
has given us outstanding statistical and sys-
tematic data, and slwould bring to an end the
uncertainty that has attended this aspect of

n° phenomenclogy.

1Thomas B. Risser, NeutralDecaysofthe n®
Meson (Ph. D, Thesis), Lawrence Radlation
Laboratory Report UCRL-20039, Aug. 1970.

SEARCH FOR N*(1680) = n°n

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

The group-theorstical classification of the
various isobar states of the nucleon system
predicts the decay channels that should exist
for them. For example, SU(3) predicts a
cross section of #.3 mb for an n°n final state
via ither D, [N*(1680)] or the F, [N"(1689)]
intermadiate state. Neither decay mode has
been observed previously. In collsboration
with Group A, we have applied onr spark-
chamber systern to this problem for the n°n
final state in the region of the N' (1680) and
N*(1688) iscbars. In both this and the pre-
ceding experiment, neutron counters with
flight-time information provide the selected
condition for triggering the spark chambers.

Clean separation of 7 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 swaited
the completion of voftware needed in the auto-
matic me: suring. Results are forthcoming at
this tizne and will appear shortly.
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n%%° INTERACTION

Rober Chaffee, Robert W. Kemney, Jerry
Nelson, Andris Skujs, Orin Dahl, Morris
Pripatein, and Michael A. Wahlig (LBL);
Thomas B. Risser (Saclay)

In collahoration with Group A, the reaction
" p = 7°2°n has been extensively observed,
over a range of incident ¥~ energies; and
kinematical analyses of the x°x° uystem (which
must be T = 0, or in very small amount T = 2)
are progressing. Preliminary resuolts from
these analyses indicate that they may yield
clear evidence bearing upan the presence or
absence of an "' €' mescn, with T = 0 and
3 = 0, decaying into 2°2°.1 Results of this
experiment will be avaiiable early in 1972.

This experiment also includes dats for
the process = p ~ ¥%n, allowing a precise
messurement of the charge-exchange differ-
ential cross section. About 10000 events of
this type have been obtained at each of five
momenta of the incident v~ (1.6, 1.8, 2.0, 2.2,
and 2.4 Ge¥/c). This is an order of magnitude
more events than previously have been ob-
tained in this energy range. The data will
also allow a search for the process 7 =yy.

). Pripstein, New Experimental Results on
the T = 0, J = 0 ¥w System Below 1 GeV, Bull.
Am, Phys. Soc. 15, 766 (1370).

OPTICAL PULSARS

Jerry Nelsan (LBL); Richard Hills {Astronomy
Dept., U.C. Berkelev); David Cudaback
{Radioastronomy Laboratory, U. C. Berkeley);
Joseph Wampler {Lick Observatory, U. C.
Santa Crus)

In order to determiae the time-dependence
v the frequency of a pulsar, we have devised
ags. set into operation a method of relating the
opti<al pulses from the pulsar to a rubidium
atom¥t 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 {rom December
1969 through May 1970, and again beginning

in August 1970. Te increase our data-taking
rate, the observing has been transferred from
the 36-in. telescope to the 24-in. telescope
whers we now observe full-time.

Extremely accurate determinations of the
parameters used to describe the average slow-
down of the pulsar have been obtained. Simple
theoretical models maks definite predictions
about some of these parameters, but the ex-
perimental results are in disagreement with
ithese. In addition to the smooth slowdown
expacted, & number of sudden changes in the
pulsar parameters have beer cbserved indi-
cating both svdden speedups and slowdowns
for the pulsar. The idea of " starquakes” has
been introduced to explain these phenomens.
The measurements also give detailed informa-
tion on the pulse shape and its cmlhncy-"z

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 the earth orbits around the
sun. We should also be ahle to mske strong
statements about the properties of the so~
called " starquakes” which occur occasionally
in the pulsar, causing it to change frequency.

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

w;. Npell:on, R. Hills, D, gzﬂ;lck and J.
‘am| cal Timing Palnar
NP-0532 in Crab Nebula, Astrophys. J.
161, 1235 (1970).

2p. Horowits et al., ope..n Time-of-Arrival
Measurements from the Crab Pulsar: Com-
parison of Results from Four Observatorias,
Astrophys. J. 166, L91 (1971).



p~-CAPTURE NUCLEAR GAMMA RAYS
S, Kaplan, R. Pyle, E. Temple, G. Valby

A prograr is in progress at the 184-in.
cyclotron to study the nuclear energy-level
excitations produced by g -capture in com-
plex nuclei. In addition to providing informa-
tion on the anclear interaction, this hani

-2

thoge for
K - vfx"ey (0.6 million)
x - r'xte"v (0.2 million)
K - wtete- (0.3 millicn)
K - :*.*:‘ (0.1 millior) .

The K¥ = »*u"ety process has been cbserved

provides a rich source of primary nuclear ex-
citations of the hole and particle-hole type and
should aid in the identification of such states.
Short-lived levels are uniquely distinguishable
because of the Doppler broadening due to the
motion of the nucleus recoiling after the cap-
ture interaction.

Data reduction of the y-ray spectra fram
several nuclei following g~ -capture is pro-
ceeding. High-energy Doppler-broadened
lines similar to those in O are seen in Ca and
si.1 These are the same lines, or isotopic
analogs of the lines, observed following photo-
excitation or inelastic electran scattering in
the giant-dipole energy region. Single-neu-
tron emi is the dominant mode of decay;
however there is also direct evidence for no-
neutron, proton, and neutron-plus-proton
emission. Data for nmatural Al, Co, and Ni
targots are also being studied.

1s. N. Kaplan, R. V. Pyle, L. E. Temple,
and G. F Valby, Dop'gler Broadening of the
6.32 MeV y-Ray from 5N Following p~-Cap-

ture in 160, in High Energy %nca and Nu-
clear Structure, S. Devons, {(Plenum

Press, New York, 1970), p. 163.

STUDY OF K' -« a'r e?y

B. Gauld, V. Perez-Mendez (LBL); R. Cence,
F. Harris, B. Jonzs, R. Morgado, M. Peters,
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 exist 1.2 million events on tape,
background included. Trigger topologies are

biguously, and very preliminary esti-

mates indicate that a few thcusand events are
coutainedinﬂnehllhodya!dah. It is ex-
pected that the rare mode K' < xfete win
yield about 10 examples, twice the extant
bnbhle-r.hnmber data. Large quantities of T
decays (K -wteta” ) are seen and are utilized
for calibration of the system. Most of the
recent effort has been on program development,
particularly on the difficult pattern-recognition
program which ' scans' our data tapes and
matches sparks into tracks numerically. An-
alyses of some of the 7 data is encouraging.
Also, some 9% of the triggers for K‘lee have
been run through preliminary versions of the
programs. Muci. uas been learned about
bukgrmmdl and eificiencies. Analysis of the

dth is now proceeding at the University
of Hawaii, while the K data will be shipped
to Wiaconain in the near future after consider-

able work on the LBL computers.

NEUTRAL DECAY MODES OF THE Iq_'

L Linscott (LBL); W. P. Oliver (University
of Washington); C. Rey (University of Notre
Dame); V. Z. Peterson, S. Parker, R. I.
Cence, V. Stenger (University of Hawaii)

In collaboration with the University of

Hawaii, we have leted ement of
the ratio
K° - 2a¥
fn, f2=

oo K‘é-z'l



The first published result’

Ing o 12 =(12.223.9)x1076

has not changed siznificantly as a result of this
year's application of modified kinematic tests
and additional calibration data to improve the
signal-to-background ratio. This work has
enabied us to reduce the systematic uncer-
tainties contributing over half of the error
given above, and to establish an upper limit

on the braching ratio for the decay

K} +2°+y+y.

Our result is evidence against the ""super-
weak intaraction' theory which predicts a value
of 43108 for | ng [2. Among the independent
efforts at other laboratories to measure this
ratio, several exparimente have given results
in agreement (within their errors) with ""super-
weak." Others have been compatible with
our value.

Ten thousand events K] 3" also re-
sulted from this experiment. They have been
analyzed, via the newly developed SASS
automatic acanning-pattern recognition sys-
terc, to provide information on the Dalitz plot.
Some structare appears to be present. Final
results will soon be prepared for a Ph. D.
thesis.

i. D. Cheng etal,, Measurement of the
Branching Ratio -+ 23%/K? - 33%, Phys.
Rev. Letters 22, 1210 (1969).

ELECTROMAGHMEYIC DELAY LINE READOUT
FOR PROPORTIONAL WIRE CHAMBERS

R. Grove, L. Kaufman, V. Perez-Mendez,
J. Sperinde, K. Lee, B. Leskovar

We have developed electromagnetic de~
lay lines to read out the position of ionizing
events in multiwire proportional chambers.
The delay line is rectangular in cross section
and consiats of a ground conductor of copper
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strips insulated by 0.091 Mylar from the outer
conduoctor which is a helix of insulated copper
wire. The phase dispersion inherent in de-
lay lines of this type is compensated by the
use of the floating capacitive path technigue.
We have built delay lines of this type with de-
lays ranging from 5 to 30 nsec per mm, and
lengths up to 55 cm. The delay Kne is capac-
itively coupled to the wire chamber by clamp-~
ing it on to the wire leads on the outside d,‘ﬂ:é
chamber. By timing the arrival of the pulse
at the end of the line, its position can be de-
termined electronically to 0.1 mm, Measure-
ments done on wire chambers with low-energy
y sources indicate that the delay line can in- -
terpolate the current signals from a group of
wires and record position accuracies of _
#0.15 mm (1/6 the wire spacing) from the-wire
plane which collects the signzl induced by the
positive ions.

We bave 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 Francisca,
was started previously using wire spark cham-
bers with a magnetostrictive readout. Singe -
the proportional chambers do not need trigger
signals from external scintillators, "and can
thus record the spatiai distributions of low- )
energy (< 50 KeV) x-ra distributions as well,
we have reoriented thiv project to using the
proportional chambers with the electromag-
netic delay line readout. For low-energy x-
ray and y-ray imaging we hzve used xenon-
filled chambers; for high-energy y rays, we
-filled chambers
with an external lead multihole collimator, and
a lead-plate converter. For use as a positran
imaging camera (by detecting the two 0.51-MeV
y rays), we have used a system of twd cham-
bers without collimators. In our initial work
on neutron radiography (in which K. Valentirie

have used argon-isoh




and S. Kaplan are participating), we are using
the (n,a) reaction from a boron-ccated plate
to image the thermal and epithermal neutron
distributions.

We have done further measurements on
locating the spatial distribution of y rays
emitted from stopping w~ beams in tissue-
simulating plastic. This technigue will be
useful in locating the combined Bragg-" star
formation" peak of *~ beams, which wili be
used in cancer therapy at Los Alamos and
elsewhere. We are doing a similar experi-
ment on the a-particle beam from the 184-in.
cyeclatron 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 microcrystalline layers for use in
solid-state dielectric positron-locating de-
vices. Su far the layers that we have tested
have been unsatisfactory, snd we will investl-
gate further compounds.

np = yd: TEST OF TIME REVERSAL

S. Wilsen, M. Longo, K. Young (U. Michigan):
. Haddock, J. Helland, B. Schrock (UCLA);
D, Cheng, V. Perez-Mendes (LBL)

The angular distribution of the reaction
n+p =y +d was measured at the 184-in.
cyclotron at incident nautron energies spanning
the N'(iZ!B) rezonance for the purpose of
comparing this distribution to that of the in-
verse reactiony +d = n + p. Such a com-
parison is a direct test of time-reversal in-
variance, presun.ably in the electromagnetic
interaction.,

All the data were divided into neutron
cnergy 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 disagrecement for the remaining
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two, which reached a valuzr of one standard
deviation for the 550-Me¥ bin.! .In the final
analysis, nc «vidence for a time-reveral vio-
lation was observed.

In this experiment we 2lso measured the
angular distribution of the reaction n+p-- n94d
as a test of I-spin invariance in stroug inter-
actions.

4. 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., Isozpin Invariance in
the Reaction n+p=- 7% +d, Phys. Letters 35B,
83 (1971).

p+d= y+3He: TEST OF TIME REVERSAL

M. Goitein, A. Stetz, V. Perez-Mendez (LBL);
C. Heusch (UC5C); R. Klein (Cal-Tech):

J. Carroll, B, McDonald {(William and Mary
College, Virginia)

This experiment, wlich ran this year at
the 184-in. cyclotron, was designed to test
time-reversal in electromagnetic interaction
in l-spin transitions other than those available
in the np+ yd experiment. The inverse re-
action was done at the Gal Tech synchrotron
by Heusch et al. (University of Czlifornia,
Santa Cruz). The “He direction and energy
are obtained from a wire«-ckhamber array and
a b-in, -thick plastic scintillator in which the

He particles stop. This counter has besn
calibrated over its entire area in order to de-
termine the cnergy of the stopping 3He ions
from the measured pulse height, Two lead-
glass Cerenkov counters are used to detect the
position and approximate energy of the photons.
Easch of these counters consista 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 p of the phot
is determined by the charged pacrticle fraction
that traverses the wire chambers.

I83,

The energy



is determined by measurement of the light
output of the slab and block combined. Data
are now being analyzed.

2 FORM FACTOR EXPERIMENT
A. Stete, B. Smith, V. Perez-Mendez,
D, Fredrickson

In this experiment we are determining the
electromagnetic form factor of the =° by a
measurement of the correlations of the c¥, ¢~
pairs obtained in the Dalitz decay of the #%:
Fre Y- Since completion of the cy-
clotron run in November 1969, we have been
working on the event reconstruction and mo-
mentumn analysis software. We expecta
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.

7% e
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EXPERIMENTAL PHYSICS

Edward §. Lolgren in charge

The group is involved principally in high-
energy particle physics research using count-
er and spark-chamber techniques. Most ex-
periments have been performed at the Bev-
atron; however, some work has been done in
the past using the 184-in. cyclotron, and in the
future we expect also to make use of NAL.

Our physics interest rangeas from strong
interactions--concerning mucleon-nuclson
cross sections and diboson production--to
measurements of branching ratios for K-mason
decay modes as tasts of weak-interactioe hypo-
theses. Each experimsnt undertakan by the
group involves one or more gradusie students
and forms the basis for & thesir project.

Group activitiss also involve instrumen-
tation devalopment in electronics, optical and
wire spark chambers, spark gaps, Csrasnkov
counters, and on-line computer facilitiss as
needed for the experimental program. There
are current projecis on Bavatron development
and the improvement of its experirnental facil-
ities.

Researchars taking part in this work are:
Alan R. Clark, R. Clive ['leld, Honry J.
Frisch, WilliamR. Hollkuy, Rolland P, Joha-
son, Laroy T. Kerth, John F. McReynolds,
Richard P. Sah, Gilbert Shen, W. A. Weaszel,
and Arthur . Zingher--LBL; Brucs Cork--
Argo:n® Nationsl Laborastory; Tom Elloff--on
lsave from I.BL to USAEC, Washingion, D. C;
T. N. Rangsswamy--Tata lastitcts of Fuada-
mental Resaareh, Colaba, Bembay, India; and
David Newton--University of Lancaster,
England.

DIBOSON PRODUCTION

An optical spark chambear-counter exper-
iment was performed at the Bavatron to study
datails of the w-w interaction axhibited in the
reaction I"p—"'u'n at incident pion momenta
of 3, 4, 4.5, and 5 GeV/c. Our data consist
of 1.6X10” events satisfying the above Lypo~
thesis with low 4-momentum transier to the
nucleon. This sample is the largast collectod
so [ar in a single experiment and is compars-
ble to the compilations of all bubble-chamber
data on this reactioa.

The dominant feature of the dipisn mass
apactrum is ths p-mason. Ia addition, we see
evidencs for the dezay u = v's” for t-valoes
somewhat above the kinematic lowsar Hmit. At
our higher incident mosnenta, there is alse
svidance for an enhanceament st a mass of ~
936 MeV, with ¢ width of ~50 MeV. Analyais
of the data is continuing, with our recest of-
torts directad toward improvemants in the gee-
matrical effi-iency calculstions., We also hawe
datr on the reaction v"p =~ K'K n; these data
will be analyzed aficr completion of the diploa
analysis.

(k*= etuy/'~ ptv) BRANCIHING RATIO
The Davatron exparimontal rua was cem-

pleted in June 1968. Adeut 250000 phetegraphs
were takea, 90% with the anslysing msgent set
for K'= o'y, Asalysis of the dats has been
completed, yielding 140415 evenis afisr a
background smbtraction. Thic is te be com-
pared with the previous world'e toizl of 17.9
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&7.5. Ws have obtainad the result

- gy -5
% 5 2.4240.36X10°,

which is in agreement with the V-A prediction
{inchuding radiation corrections) of 2.22x 10 5,

LIMITS ON It‘.-- whic, efe, oy

We havs used a double-arm spark-chamber
spsetrometer to saarch for the decays K‘.." u‘u‘ "
ots", or s*u%. The spectrometer bas invari-
ant mass resolution of better than 4/%%.

Eighty-five percent of the data was aceu-
mulated with the ksons decaying ia vacoum.

No candidates for aay of the dileptonic decay
modas were detected. Tha 90% C. L. limit
from these dats ls

ne'- ')

L

(K -~ all)
for sach of the above modes. Thase limits
represent raductiors from the previous limits
by factors of 14, 95, and 2300, recpectively,
for the pp, es, and ep modes.

The remalining 1% of the data was accu-
mulated with the kaons decaying in helium. A
sigaificant background due to noutron inter-
actions with the helium was pressat for the da-
cays K = '.+'.-- Candidates for the decay
K}~ 1 wsre detectsd with probabilitiss es-
timatad at 6%, 25%. M. 0.02%,<0.0{%, and
<0,001%. All but the 65%-probable event and
possitly the 25%-probabla event are clsarly
neutron-induced background. Thase twoevents
are compatible with sither ibe ncutron-back-
ground hypotheais or the K} =~ p'u” bypothesis.
If thase avante were to be regarded as back-
ground snd the helium data rejected, the 90%
C.L. limit on Iq' = u¥y" resulting from this
expsriment is that quotad above for the vacuum
dain. I one regards the helium dats as valid
and the 65%-probable evont as & K'L- li‘ll- da-
cay, the reculting branching ratio is

< 1.82x10™7

NK} = ')
MKy =~ al1)
with a statistical error based on one event.
Either of these two rumbers is in drastic
conflict with the expectad electromagnetically
induced K’L- p's" rate. Both numbers are
also in corflict with the lower “unitarity" limit
of 6x10°? caleulated from the known ¥ = vy
rate. ! Because of the general nature of this
unitarity limit, this result is quite unexpeeted.
The 90% C. L. limit from the combined
vacuum and halium data on sach of the three
modes K‘L- a¥e”, e*y, and eyt 1o 1.6x10"9,
For thase modes there is no conflict with the-
oretical predictions.

= 6.8x10°19

1. C. Quiggand J. D. Jacksan, Decays of
Neutral Pssudoscalar Mesons Into Lepton
Pairs, Lawrence Radlation Laboratory Report
UCRL- 18487, Sapt. 1968.

STUDIES OF x‘L —ulv DECAYS

K} —~=iv events which were accumulated
during the K} = £*27 swarch are now being
amalyzed. A preliminacy study has indicated
that muon neutrino mass Limits will be possible
that are lower by a iactor of threz er more
than those presently achisved.

Othar Kj — wlv data, which were taken
with the agutral-currents apparatus but with
different spark-chamber irigger criteria, have
yielded useful information. A search for a re-
ported ¥*u% resonance near 427 MeV/c? was
made. Better resolution and a dats sampla
over 150 timese as lurge as that of the expar-
iment repourting the resonance gave strong
evidence that the resonance did not exist.

Dalitz-plot analyses of the sbove data
sample are now being made for the K} - viv
evants. Studies involving the tensor compn-
nent, the vector for:n factors (qz) and ), &nd
radiative corrections are under way. Usaful
information on each of these seems very liksly.
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SEARCH FOR LONG-LIVED NEUTRALS

Possible evidence for the existence of
long-lived neutral particles which decay into
electron-positror pairs was reported recently
at Cambridge. ! we have conducted a search
for thaae particies in a neutral-particle beam
originating from a copper target placed in an
external proton beam of the Bevatron. If such
particles were produced and if their lifetimes
were long snough (10"* to 10710 aec) for such
particles to reach the decay volume, then the
elactron-positron pairs arising from their de-
cays would be detectad by the doubls spectrom-
eter, which was constructed for the search for
neutral laptonic curcents.

Data taken for approximately ons bundred
hours at the and of July 1970 have been an-
alyssd, and no mass peak indicatirg tha 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 thrae assumed lifetimes.
Production cross sections are lkcss than §0™>°
emz/m\'- Sr in the invariant-mass range 30
t0 50 MeV/c? and for an assumed MHutime of
107" sec.

1. R. E. Ansorga, A. R. Atherton, W. W.
Neale, J. G. Rushbrooke, and G. 8. B. Street,
Anomalies in Elsctromagnatic Procasses,
Cavendish Laboratory, Cambridge, England,
1970 (unpublished).

K'u3 AND K3 CHARGE ASYMMETRY

Data are being taken to maasure the
charge asymmetries of the deray modss
K} =wsv. Thedonble spectrometer, which
was constructad for e sesrch for nsutral
laptonic currents, is baing used. Modifica-
tions were mads to the trigger system during
the flirst few days of April 1971, and data-
taking began immaediately afterward.

Th: mew trigger system requires ths pion

to penetrate only one scintillator on cne side
of the apparatus, and the lepton to count on the
other side in ta 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 & million Ku3 events and
Ke3 events have been recorded.

K°u3 POLARIZATION MEASUREMENT

This experiment will examine the vari-
ation of the muon polarization direction in
K®u3 decays as a fanction of tha 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
polarization is principally dependent, and
possibly by this means illuminate the souree
of discrepancy in previcus measurements of
[

The modifications to the equigment used
previously for the K] —~ w'u” experiment con-
timmed through June. The privcipal effort has
been the design of 2 large volume mmon polar-
imeter consisting of an sluminum-scintillator
sandwich in a magnetic fizld. The polarimeter
will have a usefol velume of 48X 48X 56 in. and
will use a ~ 100 G magnetic field uniform to ~
0.4 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 tezi2d before
the polarimater is assembled.

We expect to complete the setup and begin
taking data during September 1974.
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EXPERIMENTAL PHYSICS

Wilson M. Powell and Robent W. Birge in charge

The Powell- Birge group works in the
field of high-energy particle physics using hy-
drogen bubble chambers. The main emphasis
has been the detailed study of interaction mech-
anisms both in the low-ensrgy (4 to 2 BeV) res-
onsnce region and the intermediste-enargy (2
to 4 BeV) peripheral region.

The low-energy region is expected to be
daminated by a-channel resonances; in partic-
ular, the A(1950) is containad in this energy
range and a study of the encrgy dependence of
the various fiaal states should give informa-
tion about the inelastic partial widths of this
resonance. At the higher encrgies, resonance
production is thought to be dominated by the
exchenge of Regge~poles: weo are testing thasse
ideas in I+p interactions. In support of thess
activitics, automatic scanning and measuring
machines and asscciated computer programs
are used to snalyse sevoral hundred thousand
events each year.

K p INTERACTIONS: 0.85 TO 1.70 GaV/c

R. W. Birge, R. ©, Ely, G. E. Kalrma, D.
F. Kane, and A. ). Van Horn

We have obtained data for the reactions
Kp=Z%%?), K'p=Ar'. and X p~- s for
laboratory raomenta between 0.82 and 1.70
GeV/c: angular distributions, polarisations,
and Logendre zoefficients for the two-body
final states; Dalits plots and invariant mass
squared plote for Z¥%s"; and cross sections
for all these reactions. We hawe also per-
formed partial-wave analyses tased on the ZTw
and Aw final states; preliminary results were

reported at the XVth International Coaference.
on High Ensrgy Physics st Kiav. 1.2

The analysis of the Z's% final states kas
been mphad."‘ We coafirm the presence
of resonant structures in the F45 and D13
waves. The masses, widths, and rescrant
amplitudes were determisad:

ER = 4.92540.008 GeV, t = -0.13740.01S,
and =20.44640.022 GeV for the F19;

E‘ = 1.98540.005 GaV, t = -0.09320.006,
T'= 3.20840.022 GaV for the D13. We stuiied
the DS and FS octets, F7 decuplet, amd G?
singlet for SU, symmetry of reduced coupling
constants; possible conclusions are Hmited by
uncartainty about the detailed anergy depen-
dence of the couplings. Thass resulis have
been submitted to Physical Review, aloag with
the experirwaisl dets.

The anzlysys of the Av final state is a0t
yet complate. Howawer, the dats from both
the As® and K°n final ctates will be submitiad
for publication shortly.

1. P P. Ely, Jr., R. W. Birge, J. Howen,
Kalmus, D.

G. E. » and A. Vaa Horn,
Stndy of the Z{1913) Rasonsnce in the Reaciioa
K p=Av', Lawrence B-distion Laboratory

A.
K p=Z%:7 Batwaen $730 and 2450 MeV, Law-
reace Radistion Lakoratory Report UCRL~
419790, Aug. 1970.

3. Daniel F. s Jr.s A Study of the Resce
ticas K p=Z2s¥{v") Batween 1.1 and 1.7GaWe
hnu). Lawrences Radiation Labera-

(Ph.D.
UCRL-20682, Apr. 1971.

tory Re
4. el F. Kane, Fv., A of the Rauce
)

tons K™p «Z¥y Batween 045 and .45
GaV/e, L‘rnn Laborstory
UCRL-20616, Apr. 1974,



»'p INTERACTIONS: 2.1 TO 3.7 GeV/e

George Gidal, Donald Gretbher, Winston Ko,
and William Michasl

1a a continuing study of exchange mech-
anisms producing quasi-two-body final states.
we have campisted the following projects:

2elpp

A datailed analysis? was made of the re-
action #'p = o'p at 2.67 GeV/c using a sample
of 8300 cvents in the final state 2'ps”. To-
gether with published data at 2.77 GeVk for the
reactions ' p=~ o pand ¥ p-=p'n, we have
used this analysists txolate the 1 2 0, ° ex-
change contribtion to these reactions. This
amplitode is found to have a dip at
t = -0.40 40.0%5 characteristic of the nonsense
wrong signature zaro of the u Regge trajec-

W Zave measured® the totsl and differen-
tial cross sections and the &'* decay angular
distributions for the reaction »'p~ a"4"" at
incident mornenta between 1.3 and 2.7 GaV/e.
The 95000 four-proag svents used ware mea-
sured on the ¥SD and COBWED systems. The
data above 2 GaV/c, whea combioed with same
existing data, give evidencs for a dipinthe ¢t
distribution near t = - 1.5 (CaV/c)>. This aip.
and other features of the data, are adequately
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described by the A, Regge pole model of Krarm-

war and Maor. The effective '“2 trajectory
was calculated and found to disagree with that
obtained from the reaction 2 p—=s'n.

A detailed Regge amplitude fit has bran
complated for the ‘I+p -1'0“ using data be-
tween 2.3 and 8 GaV/c. This reaction is pure
Ay exchange: and the best-{it trajactory func-
tion is found to be eft) = 0.53 +1.04t, providing
confirming evideace for o-A, exchaage degen-

. at the 1971 Ansmal

eracy. A partisl-wave analysis of these am-
plitudes is in excellent agreement with our
dsta for this reaction downa to threshold. indi-
cating the absence of important s-chanoel con-
tributions.

1+g¢ U'AH'

Maasurements bave been :unphhd’ on
lh total and differsntial cross eections, and
A and &* dnuy ll’!llll' distributions for the
reaction =, p~s® 4" at incident moments 2.3
and 2.67 Ge%/c. A separction of the uanatural
parity coatribution {B exchange) is performed,
showing a dip structure mur t » -0.2. The
e ctive B trajactory froemn 3ll available data
is op = {0.4540.12) +(0.6240.23) ia agres-
ment with the hypothesis that the dip is the
nonsenss wrorg sigoature poiat of this tra-
jectory. Allermative hypotheses have bean
proposed, but the current world data are un-
able to discriminste among them.

A .pia-pﬁl:ynnﬂph of te B eson
produced in w pnuﬁuahohcnprhmd
in collaboratioa with groups from Torise,
Nijmegan snd Boan. The most satisfactory
assignmet is 1*ia agresmant with previous
measurerwats. The ratio IDI/IS] =0.420.2.

M L G Gidal, D. Grether, The
action » p=p pat 2.67 Ga¥/c, preseated
of the Divisien of

Peamsylvaria, 1974).

~I browek otal.. qu“h
of the l-l'hua w‘-

Latt. Naove Cim. 4, RM mrs
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=*p INTERACTIONS: 1.4 TO 2.0 GeV/c
George Kalmus, Philip Hanson, William
Michael

Additions) 2-proag dats of "'p at 1.15.
1.20, 1.62, and 1.95 ave in the process of
being scanimd and measured using the DAPR
automatic scanning-measuring system.

Analysis of the *'ps® channel has been
carried out at six moments below 2 GeV/c, in
collaboration with a group at U. C. Riverside.

The productian angular distribution for
2*p~a""s" has teen determined and gives
evidence that s-channe] regsonances ars
strongly coupled to Aw in this energy region.
At the sama time it is obsarved that dips at
to<0.5andt s 'ma:' characteristic of p ex-
change with dominant belicity-flip coupling.
are present at all momenta, providing a test
of duality.

Total and differential cross-saection data
have been presestad for "p elastic scattering
at eight inciders v' mamenta: 1.28, 1.34, 1.40,
1.43, 135, 1.68, 1.77, and 1.84 GaV/c. !
Thase data were obtainad {rom & hydrogen bub-
ble chamber exposure at the Bevatron and cone
tain more than 65000 events. This represants
more than one and one-half times the world's
dsta hitherto available in this energy region.

2. G. E. Kalmus, W. Michagl. R. W. Birge.

DIFFRACTION DISASSOCIATION OF PROTONS
Robert P. Ely. Domald Grether. and William
Michael

In collaboration with the Califoraia [asti-
tute of Technology we have performed a hybrid
bubble chamber-spark chamber experiment at
SLAC to oblain an earichad sample of events

to study the diffraction di iation 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 followed the bub-
ble chamber.

QOutgoing 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< (P,

- POUT’ < 4 GeV. (Obe 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 taka 200000 more in Jaly. 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 st C.1.T. Inthe meantime, preliminary
investigations are being pursued with the COB-
WEB aystem.

CLOUD-CHAMEBER QUARK QUEST -
Wilvon M. Powell

More than 100000 cozmic-ray tracks
{roen extensive air showers were scanned in
plctures of cloud chambars after the manner
of McCusker. in addition, positive- and
oegative-ian columns were separated by an
slectric field, and individual droplats were
coupted: kistograms of mumbers of tracks ver-
sus droplet density are shown. Artificially
produced low-droplet-count tracks have been
used to nwasure the scanning efficiency for
quarklike tracks. To date,the upper limit for
the %e quark flux is 3x10° 1 em 2gecYard,
and {Be limit for 4o particles is 310" P2
sec” " sr .
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DATA REDUCTIOFN

C. Scales and D. Crocker

With an average of 13 (full-time equivalent) visua  ecasuremant personnel,

the following data reduction was a plished during fiscal year 1970-1974.
SCANNING
Number of frames
Experiment Beam COBWEB system FSD system
45-47, 58” 1.25- to 1.85-GeV/c wt 3121482 127874
50-52" 1.4- 0 1.6-GeV/e K~ 321587 —_—
53-55, 59°  2.3- to 2.7-GeV/c ' 1784 184 136533
60-64" 1.2- to 2.4-GeV/c vt - 568701
a6 5.5 GeV/c D, 1724 -
67-68*** 14 GeV/e v 20265 .15
Subtotal 2439942 851183

Total 3291125

* 25-inch hydrogen bubble chamber

*;Bz-inch hydrogen bubble chamber
40-inch hydrogen bmbble chamber

MEASURING
Measuring Number of Events per
hours events measuring
bhour
COBWEB system 2718 55969 21.0
FSD system
{Six SPEB-type image plane digitizers)
HAZE mode 0 0 0

DAPR mode 41533 139943 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 Riverside, we have taken 260 000
pictures of the B2-inch deuterium bubble cham-
ber exposed to the 5.5 GeV/c polarized, laser-
induced, photon beam at SILAC. This repre-~
sents approximately half the approved exposure.
Scanning is almost complete, and measure-~
ments have been started on the COBWEB sys-
tem. All interactions producing strongly inter-
acting particles will be systematically studied.

PUBLICATIONS AND PAPERS

i. A. F. Clark, R. D. Ernst, H. F. Finn,
G. G. Griffin, N. E. Hargen, D. E. Smith,
and W. M. Powell, Cloud-fChamber Quark
Quest: Negative Results, Phys. Rev. Letters
27, 51 (1979).

2. R. P. Ely, Jr., R. W. Birge, J. Hoven,
G. E. Kalmus, D. Kane, and A. Van Horn,
Study of the £{1915) Resgonance in the Reaction
K p-+Av®, presented at XVthInt. Conf. on
High-Energy Physics, Kiev, August 26-Sept.
4, 1970; Lawrence Radiation Laboratory Re-
port UCRL-19789, Aug. 1970.

3. D. F. Grether and G. Gidal, Reaction
1r+p - 1|°A'H': A Test of Regge-Pole Exchange,
Phys. Rev. Letters 26, 792 (1974).

4. P. Hanson, G. E. Kalmus, and J. Louie,
Strange-Particle Production From l‘+p Inter-
actions in the ¢c.m. Energy Range 1820-2090
MeV, presented at XVth Int. Conf. on High-
Energy Physics, 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 x'p—~Z'K' at 1.28
and 1.41 GeV/c and a Test of Charge Indepen-

dence in the c¢.m. Energy Range 1.820 to 2.090
GeV, presented at XVith Int. Conf. on High-
Energy Physics, Kiev, Aug. 26-Sept. 4, 1970;
Lawrence Radiation Laboratory Report UCRL-~
19777, Aug. 1970; to be pukLiished in Phys.
Rev. D. :

6. G. E. Kalmus, W. Michael, R. W. Birge,
S. Y. Fung, and A. Kernan, x pElastic Scat-
tering Data Between 1820 and 2090 MeV c.i.
Energy, presented at XVth Int. Conf. on High-
Energy Physics, 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 #'p - E'K’ Between 1850
and 2090 MeV c.m. Energy, Phya. Rev. D2,
1824 (1970).

8. D. Kane, R. W. Birge, R. P. Ely, Jr.,
J. Joven, G. E. Kalmus, and A. Van Horn,
K"p ~Z*s Between 1730 and 2150 MeV, pre-
serted at XVth Int. Conf. on High-Energy
Physica, Kiev, Aug. 26-Sept. 4, 1970; Law-
rence Radiation Laboratory Report UCRL-~
19790, Aug. 1970.

9. Daniel F. Kane, Jr., A. Study of the Reac-
tions K p =~ E2x7(2") Between 0.85 and 1.5
GeV/e, Lawrence Radiation Laboratory Report
UCRL-20676, Apr. 1974.

10. Daniel F. Kane, Jr., A Study of the Re-
actions K p-»Z'x¥ (x") Between 1.1 and 1.7
GeV/c (Ph.D. Thesis), Lawrence Radiatian
Laboratory Report UCRL-20682, Apr. 1974.

4. Winston Tai-Kan Ko, Omega Production
in 'l+p Interactions at 2.67 and 2.30 BeV/ec
{Thesis, University of Pennaylvania, 1974).

12. A. Werbrouck et al., Spin-Parily Aralysis
of the B-Meson Produced in 5 p Reactions, Lett.
Nuovo Cim. 4, 1267 (1970).



EXPERIMENTAL PHYSICS ,GROUPR

Keoneth M. Crowe in charge

RADIATIVE CAPTURE EXPERIMENTS

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

Our major effort on the 184-in. cyclotron
is a2 study of radiative pion capture in light
nuclei. During previous years, preliminary
work on the n capture gamma-ray spectra
was done for a series of nuclei: 4l-le. 12C.
165, 2400, and *0Ca. 1he technique con-
sisted of using 2 large pair spectrometer with

ptical spark chambers. By manuil scanning
of the events from film, we wer= ab’e to
accuomulzte 103 to 10% events per element
with 2 resolution of 2 MeV at 430 MeV. For
the first time, we were able to show that the
spectrum has fine structure, which is caused
by the linal-state interaction in the remaining
nuclei. The results for helinm and carbon
have already been publilhed:," z those for
oxygen, magnesium and calciom have been
submi‘ted for publication. Ihese results are
summarized by the abstracts of the papers
as follows.

Helinm-4 Spectrum

The spectrum of high-energy gamma
rays following the abiorption of negative
pinns in *He k2o been investigated. The ob-
se-ved shape of the specirum and the mea-
sured total capture rate | (0.704+0.066)
xg038 lec"] agree well with theoretical
predictions, sssuming that the pions proceed
through excitation of states in Ay swith
ST 22" at3.4Me, 57 =17 at 5.4 MV, and

I = 17 at 7.4 MeV relative to the SHén
threshold, and taking an operator

T for the calculation of the nuclear-
matrix elements.

:-r‘-)ae

Carbon-12 Spectrum

The spectrum of high-energy gamma rays
following the capture of negative pions in "“C
was measured with high resolution. The ob-
served structare in the giant-resonance
region is the first direct experimental proof
of the influence of collective excitations in
radiative pion capture. This supports recent
theories concerning the analogy between this
process and muon capture.

Spectra for 4I-!e. izC. 160. 24Mg= and“'Ca

The photon spectra following capture of
stopped pions in 41-1::. 12C. 160. Z4Mg. and
40ca have been measured for pkoton energies
between 50 and 160 MeV, A pair spectrometer
was used and resolution of 2.0 MeV FWHM was
achieved. On the basis of several thousand
events for each spectrum, we observe collec-
tive excitation in the residual nucleus for cap-~
ture on *He, 12C, and 160, Buch excitation
is predicted theoretically, and in some cases
detailed comparison with the data is good.

For uMg and *0ca no significant structure is
seen. In addition, the transiiion rates to
particle-stable states in 10 and 12 nave
been measured. A continuum background con-
sistent with a direct reaction mechanism is
also obszrved for all the elements studied ex-
cept for 4!-1;.



These results were sufficient to indicate
that the pion-capture radiation can be used as
a probe for the study of collective medes,

i. e., the giant-resonance states in carbon

and oxygen, as well as to provide a way for
tigating 3 excited states. Since

the visual scanning of the events was not
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MUON DEPOLARIZATION STUDIES

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

We have continued our study of the de-
polarization of positive muons in condsnsad
media, using the apparatus designed pre-

dapted {or ion to pectra,
we bave Jeveloped a digitized-electronic-
resdout wire chamber to replace the optical
<hambers. At the same time, a neutron-
counter array was added to provide an
observation of the angular correlasion apd
encrgy distribution for the neutrons produced
in coincidence with the gamma ray in each
part of the spectrum.

This apparatus, which was installed in
Novemnber 1970, has been calibrated using
events {rom liquid hydrogen. We plan to
measure the denteriom spectrum to improve
the n-n sceitering length. Helium-3 will be
used to check the excited states of the three
nucleon systesn n-n-p, which should show up
the three-mucleon state reported by Sperinde
et L 3 from the study of =~ PHe = 5*3n reac-
tion. A direct exploration of the three-nen-
tron state can be made using 5~ on tritiem.
This experisuent ias been considered, snd s
propossi to carry out the eaperiment st Los
Alamos has bees spproved.

Forthber extensions of these studies on
615 teading to O5ie” and a ferther systemstic
study of light suclef is plinned in the near
future at the 184-in. cycletron.

171 A Bistislich, K. M. Crowe,
A. 5. L. Parsons, P. and P, Trucel,

Radistive
Leiters 25, 950 (1976).
Sperinde, Don Fredricksen, R. Hiskin,
Sonith, Teidence
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v

ly for the measarement of the muon
magnetic moment. Some of the subjects ac-
cessible to study by muon depolarization
techniques are crystal sitructure, spin re-
laxation by paramsagnetic jons, semiconduc-
tors, muonium chemistry, muonium " bot"
chemistry, and free radicals containing mu-
onfum.

By observing the time dependsncs of the
polarisation of positive muons stopped in
various medis, one can use muons to probe
internal magnetic fields, much ss the proton
is used in NMR. We found that when polarised
muons were stopped in a single crystal of
sypsum (CaS0, - ZH,0) in 8 transverse mag-
netic flield, the muon precession signsl dis-
played “beats" , and s microseconi-scale re-
laxation of the polsrisation occurred; these
effects were strongly dapendent opon the
orientation of the crystal in the extarnal field.!
These results can be explained by the sssump-
tion that the muon occupied & normal proton
site and experisaced local fields due to the di-
pole-dipole interaction with sdfscent protons,

SMucw opin relnation times in verions
solotions of feyric and mangenese lons weze
studied st concentretions higher than those
sindied by MMR. Dependence of the relaxation
times on tempersiv.e asd concestratioe devi-
sted from the bebavior predicied by extrap-
olation of the proton resuits.

The spparest initial megnitude and direc-
tion oi the polarisation of mucas stopped in
selulion oftes depends strongly upon the con-
cenirniion of dissoived resgents, dze to the
ncarly instonisncous eficct of the ¥ muonivm.
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mechanism. " By studying this effect, we have
unequivscally verified the theory lormalized
by lvanter and Smilgs, and in the process
iearned much shout the chemistry of mu-
onium. 3 Figure 1 shows the dspendence on
concentration of the polarization and phase
precession of stopped muons. Chemical
reaction rates sxtracted by this method have
turned out (in the case of ferric salts dis-
sulved in watar) to be as much as 60 times

as high as those predictad on the basis of
chemical measuramants of analogous hydrogen-

Field ¢ 103 gouss
Tgin CHyOM

Polarizotion

Plwse (deQ)
& b %

.2 2 5 2 3 L 2 1

7]

Iz concemrotion (moles/liters)

Fig. 1. ",.N" on utt;“' of the
polsrization phase precession of stopped
muons. In the upper curve the doubls inflec-
tion arises naturally from the theory. The
first inflection s related to the muon pre~
cession frequency in the 100-gauss exterasl
field; the second inflection corresponds to the
muon precession in the 1500-gauss muonium
hyperfine fleld due to che electron in muonium.
The lowes curve shows the phase precession
that occurs when the lifstime is comparable to
the period of the p fon. This verifies
the time scsle requiring thermalized muonium.
(XBL-718-4147)

atom reactions. Whan bonzone is used as 3
sclvent, there Is evidence that a radical an-
alogous to cyclohsxsdisnyl is formed. With
tha theory of the muonium machanism ex-
tended to include radicals, we can study the
subsequent c:emical reactions of tha radical.

As can be seen, & great deal of unexpec-
tsd information has besn darived from muon
dapolarization studies; and we expsct that
as our work continves further spplications
wilf ba found.

1. K. 3. Crows sad A. Schenck, ‘Slow
Muon Depolsrization In & Single Crystal of

um {CasO, - Zl'le). Phys. Rev. Lettars
26, 57 (1974).

» A Schenck, D. L. Willlams. J. H.
Brewar, K. M. Crowe, and R. F. Johnson,
Decay of the Coharant Spin Procession of
Polarized Positive Muons in Paramagnetic
MnCl, Solutions, submitied 2o Phys. Rev.
Laottars,

3, J. H. Brewsr, K. M. Crowe, R. F.
Jobnson, A, and BR. W. Willlams,
‘Fast’ Depolarization of Positive Muons in
Solutions--the Chemistry of Atomic

Phys. Rav. Lettars 29, 297 (1971).

S-WAVE v-» SCATTERING LENGTH

T. Maung, G. Masek, E. Miller,
H. Ruderman, snd W. Yernen (UCSD);
K. Crowe and N. Dairik{ (LBL)

Differential energy distributions of neu-~
trons from the reaction ™ +p= *+2%4n
have beon measured, in collaboration with
the University of Californis at San Diego, in
order to study the I = 0, S5-wave ¥-¥ interac-~
tion near the pion-production thresbold. The
presence of this strong interaction between
the fins)-state pions was expected to show up
in the energy distribution of the neutron; its
influence can be expressed in terms of & scat-
tering length ac.

The expariment was performed at the
Berkeley 184-in. cyclotron using an incident
pi-minus kinetic energy of 378 MéV and
laboratory neutron angles of 30, 35, 40, and



45 deg. The basic arrangemant consisted of
an array of spark chambaers %0 detact the
gamma rays from =® decays at the point of
interaction in the hydrogen target. Neutron
countars at the end of s flight path of 20 It
meascrad the ;utron time-of-flight epectrum.

Fiking the distributions with the Chew-
Mandeistam soiution for the w-» phass shift,
we OU0in agq * (0.5840.21) 87! for the S-wave
n.s scattering length, & value that is in agres-
ment with the current-algebra prediction of
Weinberg, the bootstrap calculations of
Johnson and Collins, and the most recent
forward dispersion relativn prediction of
Morgan and Shaw. These recults have besn
reported in Phys. Lotters.

1. T. Maung, G. E. Masck, E. \ilier,

H. Ruderman, W C. Vernon, K. M. Crows,
N. T. Dairiki, S-Wave sz Scattoring Length
from Reaccion u° 4 p— »® + 3% +n at 378 M#V,
Phys. Lettors 33B, 524 (1970).

x;; CHARGE ASYMMETRY

J. H. Brewer, R. J. Budnitzs, A. C. Entis,
R. M. Graven, R. L. McCarthy, D, H.
Miiler, and '¥. N. Ross

An experiment has been in progress to
measurs the charge asymmetry in the decays
K'z-u"f v; an unequal number of positive and
nogative muons in the decay would indicate a
violation of CP conservation. Since the
origin of CP nonconservation has not yet
been identified, it 18 crucial that the param-
eters characterizing the phenomenological
description of the K-decay pracess be accur-
ately measured for comparison with the pre-
dictions of alternative theoretical models.

Because a large number nf events (107) are
required for a statisticaily significant result,
we are pting to m ¢ the asymmetry
using counters only; no spark chambers re-
quiring elaborate computer dats analysis are

Py 18

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

The experiment finished data-taking at
tha Bevatron in January 1974. The analysis
has been proceeding smoothly;: as of
Saptember 1971, it is about 90% linished. The
main body of analysis has bean done, and we
are now In the process of tracking down a
Rumber of very emall systematic aifacts. We
expact that the asymmatry will be measured
to an accuracy of about #6X10°%, and that
the sntire task will be finishad by mid.
autuma.

PUBLICATIONS AND PAPERS

1. J. A. Bistirlich, K. M. Crowe, A. S. L.
Paroons, P, Skarck and P. Truoel, Radia-
tive Pion Capture in ‘Hc. Phys. Rev. Leatters
28, 950 (1970).

2. J. A. Bistirlich, K. M. Crowe, A. §. L.
Parsons, P. Skarek and P. Truoel, Radia-
tive Plon Capture in ‘zc. Phys. Rev. Letters
25, 689 (1970).

J. H. Brewer, K. M. Crowe, B. F.
Johnson, A. Schenck, and R. W. Williams,
'Fast' Depolarisation of Positive Muons in
Solutinns --the Chemistry of Atomic Muonium,
Phys. Bev. Leiters 29, 297 (1971).
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4. K. M, Crowe and A. Schenck, ' Slow'
Muon D ~~larization in a Single Crystal of
Gypsum (c-so‘ . ZHZO" Phys. Rev. Letters
26, 57 (1971).

5. I. F. Hague, J. E. Rothberg, A. G.
Schenck, D. L. Williams, R. W. Williams,
K. K. Young, and K. M. Crowe, Precision
Measurement of the Magnetic Moment of the
Muon, Fhys. Rev. Lettars 25, 628 (1970).



6. T. Maung, G. E. Masek, E. Miller,

H. Ruderman, W, C. Vernon, K. M. Crowe,
N. T. Dairiki, S-Wave w-r Scattering Length
from Reaction ¥" + p = »* ¢ v 4+ nat 378
Mo¥, Phys. Letters 33B, 521 (1970).
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7. A. Schenck, D. L. Williama, J. H.
Brewar, K. M. Crowe, and R. F. Johnson,
Decay of the Coherent Spin Precession of
Polarized Positive Muons in Paramagnetic
MnCl, Solutions, Lawrence Radiation Lab-
oratory Report UCRL-20849, June 1971.
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K-MESIC AND ™ -HYPERONIC X RAYS
Clyde Wiagand

The 500-MeéV/c K™ beam st the Bevatron
has been used to continue the atudy of the K -
Mesic and the X" -hyperonic atom x rays.
Details of x-ray spactra of msny 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 atop 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
becauso the K™ -a interaction is amenable ta
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

4He {see Fig. 1). Three spectral lines cor-
responding to Bohr orbit transitions

n=3=+2, n=4-2, andn =5 2have

been measured with a resolution of 340 eV.
Intensitiea per stopped kaon were 0.09, 0.05,
and 0.02, respectively. No evidence was seen
for transitionsa 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 leus from s-states or p-statea?
41e pres:nt experiment indicates that at leasnt
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 tc hyperfine structure
(coupling of the kaon orbital momentum to the
quadrupole moment of highly deformed nuclei).
One of the lines of chlorine has been found to
be broadered and its energy shifted due to the
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¥Fig. 4. K=aonic x-ray spectrum of 4=He with energy resolution 340 eV, Lines from C and Al came
from particle: atopped in the graphite energy degrader and the Al structure of the target.



strong forces betwoon kaons and nuclel.

Some of the negative kaons, when absorbed
by nucleons, result in the proisction and re-
lease of Z° hyperans. The hyperons remain
in the target under investigation and form new
and rarer atoms. I -hyperonic atoms. The
wnow atoms also emit characteristic x-ray
spectra. and their x-ray linos appear along
with the kaonic x-ray lines. Oos of the ulti-
mate goals in the study of hyperonic atoms ia
» measurement of the £~ magnetic moment
which is revealed by aplitting of the x-ray
lines intc doublets {fine structure).

SEARGHFOR K ~ pt + vVt v

Gary D. Cahle, Eoger H. Hildebrand,
Chan Pang (Univercity of Chicago);: Raa F.
Stianing (LBL)

An experiment to search for the rare and
possibly forbidden decay mole
- “++ v+V+ v isinprogress at the
Bevatron. Whether or not #uis will be sean
depends critically an the natare of the weak
interactions. The atandard ideas of a cur~
rent-curront interaction suggest that the
prozess should occur, in analogy with the
lbwldlntdeelyl{*-o u++ v. Since the
hadronic current is charged in this case, it
may be casentially different from the neutral-
current decay processes that have been con-
spicucus by their absence.

I we do nut ohaerve this decay mode,
we hope to be able to set an upper limit of
2 X40" on the branching ratio. A result of
this sort would set a limit on the possible
non-weak interactions of neutrinos aa well as
eliminate the last remaining possibility for
weak neutrzl currents of appreciable strength.

The major P t of the experimental
apparatus is an anticoincid bly of
high-densaity lead-glass blocks forming a cube
54 cm on a side. Preliminary teats indicate
that the gamma-ray detection efficiency of the

glass is adeguate for the experiment.

ASYMMETRYIN =" + p=2®3+n
Skave Shanmon

Praparaiions are well advanced for a
messuremet at tha Bevatron of the asym-~
matry inthe process »~ + p = 2® + o whan
the target protons are polarised. Thie is an
sxperiment long needed in the study of de-
tailed ccattaring mplitades lor the plon-ma-
cleon systemn. In earlisr years this experi-
oent had been plasmed bat abandoned becacse
the apparatus coat asemad prohibitive. Now
the experiment is being prepared as a collab-
orative experimeat with several othar groups
at this Laboratory, nsmaly. the Moyer-
Helmhaols Group and Group A. Tha axpariment
has been made possible by the demonstration
that the semiautomatic acanning and measuring
systemn, SASS, is able to analyss spark-cham-
ber phatographs of two-gamma cvents in the
large Moyer-Heimhola gamma-sensitive
spark chambass. The running at the Bavatren
was started during FY 1971 and continues into
the new fiscal year. The measuremants should
be performed at three beam momenta, prob-
ahly 1080, 1280, and 1680 MdV/c.

LOW-ENERGY ® p INYERACTIONS

W. Chinowsky (LBL); D. H. Saxon and
J. H. Mclvey (Oxford University)

An experiment to study the reactions
w"p = weN at incident momenxa of 456, 505,
and 552 Mé¥/c in the Saclay 80-cm hydrogen
bubble chamber has been completed. The
most prominent features of the data in the
»¥x"n final atate are a high-mass peak in the
Mz(t'l':') spectrum (which moaves upward in
mass and becomes less significant as the in-
cident tum incr ). and A” pro-

duction.
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The ='=" enhancement can be explained
by the introduction of an l a2 J 2 0 v® interac-
ton. Two forms for this interaciion have baen
investigated: in the Veneziano-Lovelace form,
5“ rises approximately linearly from thres-
hald, passing through 93 deg mear 120 MaV:
the other {orm has 5" rising irom threshald
as q’ for enargies less thon 450 MeV, and
would give a rarrower resonance than the
firat form. The results {avor the q’ form.

‘There is substantial A-production at fn-
cident momenta as low as 456 MeV/:= (1339
MeV conter of mass), rather far belowr the
threshold for production of a A of masse 1238
MeV.

Within the framowork of an {sobar model,
we have derived valuas of the wN partial-ware
inalasticities in the S“. P". Pyy, D“. D”
partial waves, as a function of energy, and
have compared these with the predictions of
=N clastic phase-shift analyses. We find in-
elasticity in the s". P“. and l:>‘j wavee at
lowar energies than predicted. The increasing
inclasticities obtained here are coneistent
with the {nterprataticn that Py and D, 4 waves
resonate at cnergies higher than those avail-
able in the present expsriment.

From these resulta we have obtained
values of the Pyy branching ratios into =N,
=A, and ON, whera/ is anl=2 J =0 inter-
acting s« pair. The *N branching ratio is be-
tween 43% at 1339 MeV and 60% at 1402 MeV.
The branching ratio between vA and N de-
pends, not surprisingly, on the formof ¢
used. In the preferred form, the inelasticity
is almoat entirely through o N; with the
Venesiano-Lovelace form, the ratio of vA
to 0N couplingo is about unity and increzses
with energy.

The cxporiment is continuing with the
analysis of further exposures at incident mo-
menta of 445, 590, 670, and 750 MeV/c. All
scanning, measuring, and data reduction

have now besn completed. These data skould
further clarify the partial-wave parameters,
aspecially the P" asd D4 amplitudes, to
determine rescnance properties.

pp AND pd LiTERACTIONS
Eugene Calton, W. Chinowsky. W. Gage

An analysis of the reaction pn-> ppx” hos
been completed. A search for N'(1470) pro-
duction among 904 selected examples gives
no clear indization at all of the formation of
this rescuance. The peripharal dats are in
good agreement with the pradictions of a
single-plon-exchange modsl; but at most 5%
of the data may be attributed to N*(1470) pro-
duction--by some mechanism other than pion-~
exchange. This findicg is in contrast with the
results of missing-mass spectrometsr axpari-
mants and phase-shift analyses of pion-mu-
cleon slastic scattering, which give rathar
convincing evidence for existence of a
T = 1/2, T = 1/2 nucleon isobar at mass of
aboat 1450 MaV/c. 2

A large paper on two-prong events in pp
interactions at 6.6 GeV/c is being coniplated.
The reactions pp ~ pp, Fp = pPpe", sod
PP =~ pt+ll are stodied.

We also are examining the enargy da-
pendence of the resctions pp ~ plpr's") and
K"'p - l("'(pi"!'); 33 000 events of the former
and 77000 events cf the latter; representing
most of the world data, are being analyned.

A detailed analysis of the peripharal pt+w'
systerr is planned in order to determine its
partial-wave structure.

An analysis of 7514 pp ~ ppI+I- events
at 6.6 Ge¥/c incident beam momentum bas
bzen made. We present throe types of anal-
yses which argue that a single-pion exchangs
process is responsible for the deminant par-
ipheral Aﬂp'- production. An angular-cor-
relation analysis suggests that the 1450-MeV
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Aw Deck enhancement is not a pure F= 12t
state. The demeonstration that the absolute
magnitude for this enhancement is accounted
for by ths pion-sxchange process indicates
that only one process (i.e., pion exchange
with diffraction scatte=ing at the x p vertex)
contributsse to the final state, and that a sec-
ond process nesd not be added to the pion ex-
change to account for the observed cross sec-
tion. Soms ad hoc dependence on the A mass
maust be introduced for a precise fit to the
shepe of the Av mass spectrum, or equiva-
lently to the 8, ¢ angular distributions ip the
=°p c.m. system. The LT (¢ depandance
of the Reggelised pion-axchange inodel of
Barger is well known to accomplish this, how-
sver, the a(t) with unit slope required by this
model is at variance with the apparently rather
tiss trajectory deduced from data on quasi-
tyo-body pion-exchange-dominated reactions.
R is suggested that a Av finsl-state-interac-
tion model may be useful in understanding the
reaction.

In our study of pd interactions at 5.9 and
7.8 GéV/c, three-, focr-, five- and six-prong
events have been measured and are currently
being analysed. The project is a campanian
to studiae of the pp interaction. Cross sec-
tions, inclusive phanomena, and peripheral
resontnce production are baing investigated.

In particular, we are looking at the de-
pezdence on momentum tranafer of rasanance
production cbsarved in selected final states.
We intend to isolaic reactions of the type
valp,) =~ ip JNN ¢+ Xu, whers N represents a
nucleon 2nd X is an integer that indicates the
aumber of * masons produced, ndp. indi-
cates the " spectator” proton. The extraction
of pn iaaractions is being performed with the
aid of the impulse approximation asd these pa
reactions are being compared with their pp
coumtsTparts.

T = 2 ELASTIC = CROSS SECTIONS

E£. Colton (LBL); E. Malamud {NAL); P. E.
Schlein (UCLA); A. D. Johnson, V. J. Stenger,
P. G. Wohlmut (U. Hawalii)

Experimentsl differential cross sections
from data on the reaction 3 p O(l-t-)A“ at
beam momenta of 2.7, 3.0, 3.2, 3.9, and 4.2
GeV/c have been extrapolated to the one-pion-
exchange pole to obtain the =" =" slastic scat-
tering cross section. An attampt is made to
correct for background due to kinamatic over-
lap with the competing ane-plon-exchange
process ¥ p = p*(x"p). Analyses done in-
dependently on the data in two bzam-momen-
tum groupings at ~3.0 and ~4.0 Ge&¥/c give
consistent results of a roughly constant 7-11-
mb cross section for ¥ ®~ = w n" over the
dipion mase range 440-750 MaV. Our results
are compased with available results iruin
other analyres and with several thaoratical
przodlcuoul Zgr the T = 2 a-wavs phase shift

»'»~ ELASTIC SCATTERING
E. Colton (LBL); E. Malamud (NAL)

Experimental difierential cross sections
{rom data on th? reactions ¥ p - »"x'n and
»'p = »*v"a"7(1238) bave bren extrapolated
to the one-~pion-exchange pole to obtain the
**s" alastic scattaring cross section fram
threshold to 1.4 G&W. Consistent results are
obtained in threw c. m. energy ranges for both
reactions. Ihe data have been fitted to sevaral
t-dependent extrapolation functions, and the
results of tho fits are tabulated azd plotted as
a function of ¥'s~ effective mass. In particu-
iar, wu find cross sactioma of approximately
25 and 125 mb, respectively, at the K and
central ¢°(763) mass positiors,
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POLARIZED-PROTON TARGET
DEVELOPMENT

Owen Chamberlain, Rayraond Z. Fuzesy.
William Gorn, Peter 7. Zchrish, Steph:n R.
Shannon

In preparation for Bevatron experiment
142 on negative-pion charge-exchange scat-
tering on polarized protons and in preparation
for a polarization experiment at the National
Accelerator Laboratory in fiscal 1973 (NAL
experiment 61), the polarized-target magnet
has been reshimmed to obtain a suitahly ho-
mogenecus field for a target atmoat four inches
long. A new target material, propylena glycal
doped with CrV, has been developed. It has
slightly higher hydrogen content than conven-
tional ethylane glycal, while giving the same
polarization. It will ba used in expsviment
142, Preliminary design has baen made for
a lower temperaturs cryostat based on cooling
the polarined target by the evaporation of
helium<3. A preliminary design has also
bean made for supsrconducting calls that wegld
allow the direction of the target polarization
vector ¢ be oriented in the scattaring 4phu.
rather than perpendicular to the scatierirg
plana. These coils ould make possible the
measuramant of the Wolfenstein R and A pa-
rametsrs, espacially for w-p scatierizng. Con-
struction will not procesd until fiscal 1972

DEVELOPMENT OF PROPORTIONAL WIRE
CHAMBERS

Herbert Stoiney

We are actively pursuing development and
testing of smail proportional wire chambers,
with inlent to capitalize on their unique capa-
bilities as soon as possible. Chambers of
10 em X 19 cm have been built and tested in
Bevatroa bsams. Satisfactory ways of
handiing edge affacts in the chambers have
been developed. Analog riethods have bewn
used to allow ths PWC'a to show graphically

the phase apace of a bearn: of particles. We
are cooperating with oibher lahoratories in
developing inexpensive comunercial sources
for the electranic circaitry. Thic iwvolees
agreeing in zeveral laboratorvies on spaciica~
tions before ordering actual hardware. Oer
futare plans, sspecially at NAL. raly haweily
on this devel oprent.

We are continuing to develop and use pro~
portional wire charnbars for a variety of appli~
cations. A system of charabars has bean waed
at the Bevatron and at the 184-ia. syachro-
cyclotron to measare the profiles azd ghowe
space datributions of sxcondary pariicle
besras. Chambers have beon comstrucied for
use with a polarvizad target in a mea reremenk
of polarization in elastic »p scattering. Work
is continuing in cooperation with other lahora-
tories in developing relatively inaxpensive
hybrid alectronic circnits for wae with pro~
portional wire chamliers. A protokype system
eraaiting of 192 charmels has heex tasted and
dedugged here, and will ba naed in a Bevairon
axpariment shortly. We are aleo huilding &
winding machine for wee by sxperimantal
groupe at LBL, with which large chandars
@ 2 X2} can be constracted. Constrection
is atarting om the proportional wire chamber
aystem ta be vaed ix the Experiment #4£ col-
laboration at NAL.

Our group, in collaboration vith others,
haz been {nvestdgating the suitability of var~
ions gas miztares contaliaing xenca. We have
found that kighar galne in the region of pro~
portional aysplification are peasisle with these
mixturas than with the - . .cor standard argom-
hydrocarbon gau mists:cs

SPEAR EXPERIMANTAL PROGRAM

Mﬂnhnmhm“
equipment ead -ﬂphmhvmn
SPEAR (Stanlord Paaitron Blectren Asyen-



metric Ring) are G. Abrams, C. Freidberg,

J. Kadyk (Trilling-Goldhaber) and W.
Chinowsky (Segr®-Chamberlain). Construction
of the colliding-beam machine at SLAC, begun
in 1971, is expected to be completed by spring
1972 and operation for experiments is expected
by the end of 1972.

Conceptual design has been fixed for 2
large solid angle detector, cylindrical in shape,
within a magnetic field of ~ 5000 G, and de-
tailed engineering design is proceeding. In
particular, at LBL, we shall design and con-
struct a set of electron-shower detectors (each
of approximate area 10 ft X1-1/2 ft) capable
of identifying pions in a background of elec-
trons that are expected to have an intensity
about one-hundred times as high as the pion
intensity. Twenty-four such detectors are re-
quired to completely surround the circum-

A prototype module
has been tested at the Bevatron and the first
module of final design will be tested in the

fall of 1974.
bility for writing programs to reconstruct
annihilation events from primary data, which
will consist of digitized coordinates of tracks
in wire spark chambers. These will be pat-

ference of the cylinder.

We have taken primary responsi-

tern-recognition programs to organize spark
coordinates into tracks of particles and re-
construction of complete events in space.
Further kinematical analysis will identify the
particles produced in the e*e” annibilation
events and ascertain the preserce of unob-
served neutral particles. It is planned that
the parameters of reconstructed events will
be available on-line during experimental op-
eratiens, in order to monitor the 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 is involved in the following
projects:

Study ~f production mechanisms and prop-
erties of strange bosons made in the interac-
ticns of high-energy K' mesons with protons
and neutrons. This work is 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-
tons, with much higher statistics than has here-
tofore been possible. This is done with a spe-
cial platinum target mounted inside the SLAC
82-inch bubble chamber and exposed to a sep-
arated K~ beam. The interactions of the neg-
ative kaons provide a copious source of A
particles. Possibly, interactions of other hy-
perons { £, E) may be studied as well. Sev-
eral thousand events are expected.

Design of experimenis, and testing ané
development of equipment, principally to stady
particle production in e'e” collisons at SPEAR
using techniques such as wire spark chambers
and scintillation counters.

K'd INTERACTIONS AT 12 GeV/c

Alexander Firestone, Gerson Goldhaber,
David Lissauer, and George Trilling

We have completed the scanning and mea-
suring on FSD of the approximately 500 000 ste-
reo exposures of K74 interactions at 12 GeV/ec.
The film was taken in April 1969 at the SLAC

82-inch deuterium-filled bubble chamber, ex-
posed to a 412-GeV/c ri-separated K' beam.
Remeasuraments have been carried out with
the COBWEB system. Since the total num-
ber of events in the film is about 850000, we
have restricted our attention at first to events
with (1) a visible 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 240 000 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 sections for the reactions K+d-K°pp.
Kr'a, K pont, K% pp, K'n'nd, and K%rFnpp.
Results on the analysis to date include the fol-
lowing.

Otservation of Antiomega

We have observed anil event. The §l is
produced in the reaction xta-fina p'n'+'n'-, and
decays via the mode T-AK'. The production
cross section is of the order of 0.4 ub. A six-
constraint fit to the mass gives M=1673.4+1.0
MeV, which is in excellent agreement with the
known mass of the (M = 1672.5%0.5 MeV).
This work has been published in Phys. Rev.
letters. 1

As a byproduct of the & search we have
collected more than 65 examples of = produce
These events will be used in a search
for possible 2 resonances and possible high-
mass F.* resonances which decay by the sy

tion.

mode.
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K+n Charge Exchange

We have measured the differentizal cross
section for the elastic charge-excharnge 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 +X%n at 12 GeV/e, and
to be in agreement with the predictions of the
Regge-pole model of Rarita and Schwarzschild.
These data are powerful evidence for strong
We also find that
the forward scattering amplitude is essentially
real, and that the cross section for this reac-

p-A, exchange degeneracy.

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 Fhys. Rev. Letters. 2

*
Narrow KN Enhancement

In the reaction K+n-K+1-r'p at 12 GeV/c,
we have observed a narrow x;uzso) enhance-
ment at mass M = 1247+5 MeV with width
'l"=20f2 MeV. The enhancement is most prob-
ably prodnced by pseudoscalar exchange; its
spin-parity is either 7' = 07 or 7¥= 1". This
work has been written up as a UCRL report, 3
and a preliminary version was included in a
paper submitted to the Kiev Conference (1970).4

Study of K (1420) Region

We have completed a major study of the re-
gion of the K'[1420) in the reaction K'n+ K'rp,
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 JP= 0+.
and is produced primarily by pion excharge,as
is the K*(1420): but the alternate hypotheses of
aIP=1" object produced by a mixture of pion
and vector exchanges cannot be completely
rulzd ont at this time. This resonance appears
as a shoulder on the low-mass side of the

K*(1420), but is most casily seen through a
study of the decay angular distributions in
Its mass is M= 1370 MeV, its
width T < 450 MeV. This work has bzen pub-
lished in Phys. Rev. Letters. 5

this region.

Structure in the K Mass System

In the same reaction as above (K+n- K+1r'p).
we have obeerved a significant shift in the an-
gular distribution at a value of M{Kn) of about
1.85 GeV. The most natural interpretation of
the observations is the production by pion ex-
charge of a J’P= 3'K={‘l resonance at about this
mass, which interferes strongly with back-
ground. Sucha K*resonance would presum-
ably be the strange analog of the JP= 37g
meson. This work has been accepted for pub-
lication in Phys. Lettars. 6

Coherent Production of Q and L

We are studying the coherent production
of the K¥r?n™ system off the deuteron, i.e.,
the reaction K'd~ K'rtnr"d. We have deter-
mined the cross section for this reaction to
be 331+ 8 pb, where the quoted error is statis-
tical only. This reaction is dominated by pro-
duction of the Q enhancement in the Knw sys-
tem. However, there is also an L signal at
about 1700 MeV in the K'r'n™ mass distribu-
tion and a @” signal at about 2200 MeV in the

d1'r+ mass distribution. In fact, the L appears
to be formed primarily in conjunction with the
d*. with the 77 meson shared between the two
of them. We are studying the structure in the
Q and its decay properties into K*(890) T and
Kp decay modes. A preliminary version of
the resuits of the anaiysis of this reaction was
presented at the Washington Meeting of the
American Physical Society in April 1974, and
a complete paper on this reaction will be snb-
mitted to Phys. Rev. in ths near future.
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n'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. Trilling

A; Mass Spectrum

Our study of the A; meson in the reaction
ntp > pA; = prinTr” has continued. On re-
signal in this channel,
we find evidence for a split A; in the t' = 0.1
to 2.0 GeVZ range. The confidence level for
a fit with the "dipole" formula is 53% as against
14% for a fit with a single Breit-Wigner res-
Here a split is favored, but the Breit-
Wigner fit cannot be completely ruled out. We

moving the strong A

onance.

obtain branching . ... .or the A; decay to
pm, nm, KK, and 1-v which are in good agree-
ment with other experiments. 1

Interfering Resonances and the Az

We have investigated the possibility that
an interfering resonance model can reconcile
the different A, mass spectra observed in dif-
ferent experiments. We find that good fits to
wive alt=:0)

and three~pion n.:

the presently av missing-mass
. spectra are possible over
a range of masses and widths of the two res~
onances. In particular, we find situations
where only a small changes in the relative
phase is required to pass from the split Ai
spectrum observed in missing-mass exper-

iments to the unsplit A; spectrum at 7 GeV/e?

Search for C Violation Via p° Interference

We have theoretically analyzed the
p° nina® decay mode and have detailed the.
possible ways the existence of such a decay. .
could distort distributions of the w, which nor-
mally decays to nira®, Itis shown, for ex-
ample, that the @ decay Dalitz plot may be
used in a search for a |Ali= 0, C nonconserv-

ing decay of the p® to niw . 3 . =

Charge Asymmetry on the w Dalitz Plot

An analysis of the w— = 1 n® decay Dalitz
plot has been performed for about 4000
events from the reaction n'+p - 1r+pm. A sub-
sample of the data produced in the kinematic
region defined by the conditions
(2) AH(1236) opposing the », ar?
(b) &' = It-tminl in the interval 0.08 to 0.20
(GeV/e)? ;
has been found to show anrasym,mef:ry,o've\r t1-§e
Dalitz plot, with a predominance of energetic
wtis.
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ReggePole Effects in p?A Tand o’A7* Production

A detailed study of p® A" and o®t pro-

duction has 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. 5

Model for V° A++ Production

A theoretical analysis of the p°® A" and
At data with a v-B exchange-degenerate
model has been applied with quantitative suc-
cess, It is shown that for each reaction the
s and t dependence of the data may be under-
stood for the dominant production mecha-
nisms. 6

Comparison of An and An' Production

We have studied the production mech-
anism of the quasi-two body state Amn', and
compared the results with our data an An pro-
duction. It is found that a Reggeized A, ex-
change model adequately describes both reac-

tions.

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 Ap Mass Spectrum in 1I'+p Interactions at
3.7 GeV/c, Phys. Rev. Letters 26, 1494
(1971).

2. K. W. J. Barpham and G. Goldhaber,
Interfering Resonances and the Ay Mass
Spectrum, Lawrence Radiation Laboratory
Report UCRL~20293, Mar. 4971, and in
Proceedings of the Conferance on Phenom-
enology in Particle Physics, California Insti-
tute of Technology, Pasadena, 1974.
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Proposed Method for a Search for C Violation
ria p° Interference in w Decay, Lawrence Radi-
ation Laboratory Report UCRL-206417, Mar.
1971, to be published in Phys. Rev. D.

4. G. 5. Abrams, K. W. J. Barnoham,

W. R. Butler, D. G. Coyne, G. Goldhaber,
B. H. Hall, and J. MacNaughton, Evidence
for 2 Charge Asymmetry on the w Dalitz Plot,
Lawrence Radiation Laboratory Report UCRL-
20618, Mar. 1974, to be published in Phys.
Rev. D.

5. G. S. Abrams, XK. W. J. Barnham,

W. R. Butler, G. Goldhaber, B. H. Hall,
and J. MacNaughtoh Obseryation of Regge-
Pole Effects in p° A" andw’A’ ' Production at
3.7 GeV/c, Phys. Rev. Letters 25, 617
(1970). -

6. G. S. Abrams and V. Maor 15_-,B Ex-
change -Degenerate Model for V8 AT Produc-
tion, Phys. Rev. Letters 25, 624 (1970).

7. G. 8. Abrams, K. W. J. Barnham, W. P.
Butler, D. G. Coyne, G. Goldhaber, B. H.
Hall, J. MacNaughton, and G. H. Trilling,
Comparison of Anand &' Production at 3.7 GeV/c,
contribution to the XVth Internationzi 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 B2-in. bub-
ble chamber with 2 platinum plate mounted
inside. The experiment is similar to one .
previously performed in the LBL 25-in. hydro-
gen bubble chamber, in which the technique of
using the internal platinurme target was devel-
oped and first used. The A particles are pro-
duced by interactions of a 12-GeV/ ¢ K~ beam
incident upon the plate, and kave approximately
the momentum range 0.5 to 6.0 GeV/c. About
one-sixth of the total data has been analyzed
relating to the reactions

(1) Ap =~ Ap [elastic scattering)
(2) Ap~ Ap Pl

Over 150 of these event types have bzen
studied. !

Results include: (a) a steep momentum-
transfer fall-off, corresponding to a sirong
forward scattering for reaction (1). By char-
acterizing this as ¢ P, we find that the slope
parameter b is 6.4£1.0 for A momenta above
2 GeV/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 ang lar distribution
for reaction (1) is now approximately known,
using the data from the previous experiment
The distributious are
pearly isotropic below 600 MeV/¢c, while P-
wave and some D-waves are needed at ~ 1000
MeV/c. At about 2000 MeV/c, a very strong
forward peak is seen, with almost no back-

at lower energies.

ward peak, and this becomes even more strong-
ly peaiced above 3 GeV/c. (c) Reaction (2) is
dominated by A(1238) formation, and E(1385)
formation by means of isovector exchange.
There seems {0 be almost no evidence for K
exchange as would be indicated by a backward
peak in the angular distribution. (d) The elas-
tic scattering cross section is ~ 10 mb over
this energy region, but until further dcta are
analyzed, a precise valve cannot be reported.
When the experiment is completed, over
200000 A particles will be contained in the
data, yielding about 400 Ap interactions visible
in the photographs. This ie about 10 times
previously existing world data for this energy
Both elastic and inelastic reactions
will be studied, yielding much more precise

range.

determinations of crosas sections, angular dis-
tributions, and polarization than previcusly
available.

1. J. A. Radyk, G. Alexander, J. H, Chan,
P. Gaposchkin, and G. H. Trilling, Ap Inter-
actions in Momentum Range 300-4500 MeV/c
Nuclk. Phys. B27, 13 (1974). .

SPEAR PROJECT

G. 8. Abrams, J. A. Kadyk, G. Goldhai<r,
and G. H. Trilling

In collaboration with SLAC and UCSD,
and others at LBL we are helping to develop
a detactor to be used in the first experiments
at the SLAC positron-electron couidiﬁg beam

facility, SPEAR, scheduled for iritial oper-
ation in the fall of 4972. A series of tests at
SLAC were performed to study the feasibility
of using multiwire proportional chambers® as
part of a quantameter for detection of electron
Part of the SPEAR shower detector
may incorporate such a quantameter to iden-
tify electrons and to measure position and en-

showers.

ergy for gamma rays resulting from ete”
interactions.

1. S. Parker et 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

Geoflrey F. Chew, Gioup Leader

The LBL Theoretical Group is concerned
with the following areas of general laboratory
interest: particle theory, design of particle
accelerators and related equipment, nuclear
physics, atomic physics, plasma physics, and
the training of Ph.D, studenta. Out staff in-
cludes ten faculty members from the Berkeley
Physics Department and eight LLBL. senior staff
members. There is also a substantial number
of temporary postdcct

al researchers, although
only three in this category are supported by
Laboratory funds. The faculty members receive
about three quarters of their support from the
Univeraity.

PARTICLE THEORY

Heavy emphanins is given to particle
theory, particle physice being the primary
concern of the LBL: Physics 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 years a central role in LBL
particle-theory research has been played by
the concept of the S matrix--the collection of
all particle reaction amplitudes. (The S
matrix represents the totality of conceivable
knowledge about the subatomic world,) LBL
S-matrix research is proceeding in a variety
of distinguishable directions:

SrMatrix Properties and the '"Real World"

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

laboratory experience. Recently Stapp has
been examining the philosophical and physical
content of quantum theory" 2 and has developed
new arguments that the entire content rcsides
within the S matrix, A concrete illustration is
the motion of an electron in a classical electro-
magnetic field, Stapp has besn able to demon-
strate in detail that general S-matrix principles
lead here to the same (correct) predictions as
are given by tional quantum field theox-y.3
Also shown by Stapp in recent work ia that a
certain formula, which plays a key role in
analytic S-matrix theory by specifying certain
basic discontinuities, follows in a formal sense
from field theory. 4 {Much attention has been
directed to tkis basic discontinuity formula
during the past year because of its relevance

to the so-called inclusive cross 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-20294,
Feb, 1974, submitted to Am. J. Phys,

2. H, P, Stapp, Phys. Rev. 3D, 1303 (1971).
3. Henry P. Stapp, S-Matrix Derivation of
the Motion of an Electron in an Electromagnetic
Field, Lawrence Radiation Laboratory Report
UCRL-20211, Nov. 1970, to be published in
Nuovo Cimento.

4. H. ?. Stapp, Phys. Rev, 3D, 3177 {1971).

Hadron S-Matrix Bootstrap Hypothesis

The hadron bootstrap hypothesis states
that classical space-time properties prescribe
a unique S matrix which approximates strong-
interaction phencmena, 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 science
as to preclude a derivation of electromagnetiam
from a “scientific bootstrap'--that is, from
self-consistency conditions framed in con-

On the other
hand, strong interactions, being remote from

ventional scientific language.

the real world of observation, may be amenable
to a scientific hadron bootstrap based on S-
matrix self-consistency.

Investigation of the hadron S-matrix boot-
strap hypotheais 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 small pion mass motivates the ne-
glect of all but a tiny subset of singularities,
has recently been receiving intensive LBL
scrutiny: {(2) Snider znd 'I.'owz have shown that
the predictions of the original simple form of
3 are not rualitatively changed by
inclusion of interfe:rence 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) szl.loa4 has shown
that inclusion in the model of K's and y's, as
well as n's, gives only a amall increase in
kernel strength, but 2 substantial increase can
result from plausible off-skell forms of the low
energy ™ amplitudes, Avalos and Webber
have used the Dirr-Pilkuhn form factora® to
achieve an adequately strong mnitiperipheral
kernel,” One manifestation of their success is
the successfnlly predicied rate of increase
with energy of the average multiplicity of
{c) Webber® has
further calculated the transverse momentum

the model

produced m's and K's.

distribution of pions and found it to bz in agree-
{d) Chan, in a rough
multiperipheral calculation of the meson-

ment with experiment.

baryon total cross section, found a result in
{e} Chew
and Snider’ have generalized their study of a

reasnnable accord with experiment.

mechanism by which the leading Regge pole in
the simple model is 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 is identified
as the Pomeron (P) while the lower is supposed
to be the P, Sorensen has been further re-
fining the aforementioned high-subenergy
kernel by numerical attention to the self-con-
sistent contribution from the Regge branch
point as wel® as from the polea, Shei also has
been analyzing this self-consiastency 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 is not too
strong. Otherwise the leading singularity

must be a branch point.

A bootstrap model closely related to the
simplest form of multiperiphezil model is the
strip model, which received recent encourage-
ment from calculationa by Collins and
Johnson.8 Webber, however, has found by
more careful calculations that the Collins-~
Johnson results are minsleading and that the
e form of the strip model employed by these
authors is incapable of close correspondence
with expez-i.::::uem:.9 This conclueion 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 1974.

2. D. R, Snider and D. M. Tow, Phys. Rev.
D3, 996 (1974).

3. L. Bertocchi, S. Fubini, and M, Tonin,
Nuovo Cimento 25, 626 (1962); D. Amati,

A, Stanghellini, and S, Fubini, Nuovo Cimento
26, 896 (1962).

4, Daniel R, Avalos, Inclusion of the Paeundo-
scalar Meson Octet in the ABFST Multiper-
ipheral Model, Lawrence Radiation Laboratory
Report UCRL-20840, May 1971, submitted to
Phys. Rev, _

5. H. P. Durr and H. Pilkuhn, Nuovo Cimento
404, 899 {1965). -

6. B. R. Webber, Multiperipheral Model Pre-
dictions Concerning Pion Production in High-
Energy Collisions, Lawrence Radiation
Laboratory Report UCRL-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, Phys.
Rev. 185, 2020 (1969},

9. B. R, Webber, Phys. Rev. D3,1971 (1971).

Regge totic Behavior

The mathematical and experimental sig-

nificance of Regge asymptotic behavior is
being invesatigated. The extension of the hy-
pothesis of Regge behavior to multiparticle
S-matrix elements has received iinpetué in
recent years from dual-resonance models
{see below) and from the realization that the
hypothesis is directly relevant to inclusive
There has been LBL partici-
pation in both these developments, which often
are interrelated. (a) Einhorn has investigated
the possibility of finite-energy sum rules for
single particle inclusive production near the
boundary of the fragmentation region, 1 while
Cahn and Einhorn have studied the consequences
of internal symmetries for inclusive processes,
finding many experimental predictions. Cahn
and Einhorn also have been studying the cri-
terion, analogous to exoticness in two-particle
reactions, that would correspond to a vanishing
non-Pomeron discontinuity in a three-particle
reacticn. A controversy has developed in this
area, differing criteria having been proposed
in the already published literature.” > Cahn
and Einborn, on the basis of the dual resopance
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
pl‘OCeBB

A +B-~ C +n charged particles +anything else,
C being any combination of detected particles
(including none at all), the average value of
n should have the asymptotic energy (8) de-
pendence

cross sections.

~ klogs +IABC(pc)

B~

BABRC

where k is a constant independent of ARC,
The same result has been obtained inde-
pendently by Nieh and Wa.ug.4 Webber is now
investigating the prediction for { ‘Apc 8iven by
various mmodels. (¢} Risk, in collaboration
with Friedman and others.s' 6 has undert“ake;:;
a systematic analysis of multiparticle produc-
tion data in order to check the factoriz fon :
principle--an important aspect of I:h: Regge-
pole hypothesis. Risk also is compnring more
detatled modela for multiple production with -
currently emerging experimental data. 7.8,9,10,11
Two-particle reactions continue to receive .
attention in Berkeley. (a) Field a_ml Jncl;qaz;_.
have been analyzing the reactions K'nea"A
and v'n= K'A from the Regge-pole, duality,
standpoint, using both high- and low-energy
data, including polarization mganntenienpa.
This study has thrown light on the relative:
importance of secondary Reggeé trajéctories.
Field haa extended the study to the reaction
= p~ 1°n and makea the general hypgthesis
that high~energy two-particle reac&an., =
cluding polarization, can be weu appraximnted
by achanredegeurate lendlng traj ectorlel
plus uchange-degenerate daughter txagectorien .
{lowex by one unit of angular mumenmm) lu
the sta.minrd Pomeron-Regge cuta. _(b) .
and Rarita have used a Regge-pole £t of pp
and pb cross sections andpolarizati r 1 T
to 70 GeV to predict elastic: P scattering lt
the energies and mumentnm tr .;lferu accen;
sible to the CERN mtersecti.ng utorage ringn.
Their prediction, which correuponda toa
Pomeron slope of 0.31 Gev'? istn agreement
with initial ISR measm-ements.' {c} Dubavoy.
and Suguki have examined the unph"ahons for
&t p elastic-amplitude b.mte-energy ‘sum rmles
ariging from the ausumphon of dxrect-channel
helicity conservation at high energy, They i
have found e\nﬂence for at lea.st ane f:xed poIe
in the complex J-plane. -
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1. Martin B. Einhorn, Finite Energy Sum
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Triple Reggeon Region, Lawrence Radiation
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International Symposium on Electron and
Photon Interactions at High Energies, Ithacza,
N.Y., 1971. (A {inal report with the pp data
is in preparation,)

6. Clifford Risk, Quantitative Regge Exprea-
sions for Experimentally Meagured Fast 7%,
K* Inclusive Spectra and Relation to Backward
Elastic Data, Lawrence Radiation Laboratory
Report UCRL-20841, June 1974, submitted to
Phys. Rev.

7. D, E, Lyon, Jr., A. E, Bussian, G. D,
DeMeester, L. W, Jones, B. W, Loos, P, V.
Ramana Murthy, R. F. Roth, F, E, Mills,

J. G. Learned, D. D. Reeder, K, N. Ericeson,
Bruce Cork, and Clifford Risk, Phys. Rev.
Letters 26, 728 (1971).

8. Jerome H, Friedman, Gerald R. Lynch,
Clifford G. Risk, and Thomas A. Zang, Jr.,
Lawrence Radiation Laboratory Report UCRL-
20141, Nov. 1970, to be published in J.
Computational Phys.

9. Clifford Risk and Jerome H. Friedman,
Phya, Rev. Letters 27, 303 (1974).

10, Jerome H. Friedman and Clifford Risk,
Multiperipheralism and Asymmetries of
Produced Secondaries in Meson Baryon Col-
lisions, Lawrence Radiation Laboratory Report
UCRL-20278, Feb, 1971 (a revised version is
being submitted to Phys. Rev. Letters).

14, Jerome H. Friedman and Clifford Risk,
A Simple Test for the Existence of Multi-
peripheralism at High Energy, Lawrence
Berkeley Laboratory Report LBL-25, July
1971, submitted to Phys. Rev. Letters.

12. D. M. Austin, W, H, Greimar and

W. Rarita, Phys. Rev. D2, 2613 (1970).

Dual-Resonance Model

in the program of unitarizing the dual
resonance model, diagrams with closed loops
are encountered. Kaku and Yul’ 2,3,4 have
developed a general set of rules for closed-
loop formulas and have given simple interpre-
tations thereof. The existence of these rules
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will facilitate unjtarity correctiona to the
simple version 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,
3020 (4971).

P"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 'clasaical”
principles of analyticity, unitarity, and
Poincar® invariance. (a) Field has attempted
to find an energy continuation connecting
measured 7*N phase shifts at 26 different
momenta between 385 and 1700 MeV/c. Hia
"hest! path agrees for the most part with paths
found by other groups, but there appear to be
additional resonance structures in the P34,
D35, and P13 partial waves bhetween 1400 and
1700 MeV/c.l (b) Chan has studied the dy-
namical interplay between two nearby reso-
nance poles of the same quantum numhera.z
Data on the A.z meson have been discussed on
this basu. {c) Mathews has used the Khuri-
Treiman dispersion relation to numerically
calculate the pion distribution in the decay
K- 3r in terma of the nm scattering ampli-
tude. Inclusion of hoth P and S waves allowe
agreement with observed data,

i. R. D, Field, Jr., Energy Continuation of
an Energy-Independent Pion~Nucleon Phase-
Shift Analyais for 385 to 1700 MeV/c, Lawrence
Radiation Laboratory Report UCRL-20250, Febh,
1971; R. D. Field, Jr., Evidence for the
Possible Existence of New Narrow Inelastic
Pion-Nucleon Rescnances 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
L;boratory Report UCRL-20054 Rev., Dec.
1970.

3, C. F. Chan, Some Comments on the
Mesons, Lawrence Radiation Laboratory
Report UCRL-20206, Dec. 1970.

Field-Theoretical Studies

In addition to particle theory research
based directly on the S-matrix concept, there
is substantial LBL activity employing the notion
of interactions localized in space-time., For
weak and electromagnetic interactions, the
local-field (or current) concept plays an in-
dispensable role. For strong interactions such
concepts may not be required, but currents
have proved useful in the formulation of certain
models. >r models where the amall pion
mass is crucial, for example, it is often useful
to associate a local current with the pion and

then to employ. the t2chniques of current algebra,

Suzuki and collaborators have been investi-
gating a variety of problems involving atzong,
weak, and electromagnetic interactions, using
field-theroetical sum rules, (a) Langacker
and Suzuki bave derived a class of inequalities
for the integrated e’e” cross section for an-
nihilation into hadrons througn one plwtcm.1
The inequalities are applied to estimate a
lower bound on the hadronic contribution to the
muon magnetic moment and also to teat some
predictions on the asymptotic behavior of the
annihilation cross section. {b) Langacker has
shown that a large value for the parameter L
of K, ; decays (e.g. A =0.045) is not compatible
with p satu:ation of the isovector eiectro-
magnetic current spectral function. Also dis-
cussed have been implications for the Weinberg
masgs rules and c-nurmber Schwinger terms.z
{c) Shei ani Suzuki have derived sum rulea

for differential inclusive cross sections from
current-algebra equal-time commutation rela-

tions.” The sum rules hold at high energies

and relate integrated cross sections for d:.f- ’
ferent charge states of the detected secondar}.

Dubovay, Langacker, and Suzuki have
investigated weak-interaction contributions to
two-hadron reactions in the energy region
accessible to the NAL accelerator. . The stand~
ard current X current model was employed to
calculate differential cross sections (i.m:lu.dmg
polarization effects) for strang hanging
processes, as well as the interference of weak
with strong amplitudes in "allowed" reactions.-

Moorhouse and collaborators? have been:
studying high-~energy pion photoproduction,
where striking regularities have been observed
that are not accommodated by simple Regge~
pole models, Dispersion relations in this work
are supplemented by a quark model,
Moorhouse' s approach is not really field lheo-
retical, but in using the quark concept it goes
beyond S-matrix theory.

A hybrid approach also has been emplay'ed
by Shei and T in conatructing a multi-- -
pheripheral model of deep inelastic electron-
nucleon scattering. Baryon links in the multi-
peripheral chain here are assigned the pax;ton
role of ""pointlike"” photon absorbers. s

1. Paul Langacker and Mahiko Suuk!, Total
Cross Section for Electron-Positron Annihila-
tion and the Hadroulc Contribution to the Muon
Magnetic Moment, Lawrence.Radiation Labora-
tory Report U"RL-20608 Rev., June 41971,

2. Paul Langacker, The Isovector Spectral
Function and K Deuys» ‘Lawrence:Radiation
Laboratory Refdrt UCRL-20831, June 41974,
3. S.-S. Shef and M. Susuki, Current Algebra
Sum Rules for Crosa Sections of Inclusive - :
Experiment, Lawrence Radlation orato:
Report UCRL-2081%, May 1974, t pnblhhad
in Phys. Rev. Letters. et
4. 1. Barbour, W. Malone, anﬂ !\.. Moor-
house, S-Channel Dominance and Chlrge Ratios
in High Energy Pion Photoproduction, . Lawrence
Radiation Laboratory Report UCRL-20635, = -
Mar. 4974, to be published in Phys. Rev, '

5. S.-S. Shei and D, M. Tow,. Phye. Rev, .
Letters 26, 470 (1974).

6. S.-S. Shei and D. M. Tow, Multiperiphéral .

Theory of Deep Inelastic Electron-Nucleon = -
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Scattering, Lawrence Radiation Laboratory
Report UCRL-20677, Apr. 1974, to be pub-
lished in Phys. Rev.

PARTICLE ACCELERATORS

Theoretical aspects of the deaign and :
operation of high-energy particle accelerators
-form the major research interests of four of
the Theoretical Groip senior staff. Within
the last year, 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
design of the LLL 5-MeV storage ring; partici-
pation by A, Garren, L. Smith, and A, Seasler
in the SLAC Summer Study of Supersloop; and
a first look at a proton-electron-positron
colliding beam :grstem.1
The major portion of the ERA work hay
been in support of the present experimental
program on ring formation (Compressor 4),
with aome effort devoted to preparation for
experiments on ring accelerztion (Compressor

5),2 and some small effort devoted to consider- -

ation of aspects of full-acale accelerators,>” *

In connection with Compresaor 4, single-
particle dynamics has required a certain
amount of attentd s'élmtﬂ‘ t all of the
theoretical effort haa gone into the study of
beam instabilities.

The concentration of effort upon coherent
instabilities was most natural, as during the
year the experimental ERA work was dominated
by the identification and study of those instab-
ilities which severely limited the formation or
rings of high intensity and good quality. Un-
stable oscillations can be suppressed by
suitably designing the surrounding wall struc-
ture (as was described in a review paper7 and

extenaively studied analytically and comput;- ’
tionally®* %), and by esh nt of the Land
damping coefficients that measure the extent

to which spread in particle parameters acts

10,114,142

to detune the resonance. Work was

also devoted to developing measurement tech-
niques for elucidating the nature of a coherent
instability, 13, 14

1. D. Mohl, C. Pellegrini, J. Rees, B.
Richter, M. Schwartz, and A. Seassler, A
High-Energy Proton-Electron-Positron Col-
liding- Beam System, to be published in Pro-
ceedings of the VIIIth International Confereace
on High Energy Accelerators, CERN, Geneva.
. L, J. Laslett, Electron Ring Accelerator
Notes ERAN-127, -147,
3. E. Keil, C. Pellegrini, and A. M. Sessler,
Diffraction Radiation Defocuseing of an Electron
Ring, Lawrence Radiation-Laboratory Report
UCRL-20069, Aug. 1970, to be published in
Nucl. Instr. Methods,
4, R. D, Hazeltine, M, N. Rosenbluth, and
A. M. Sessler, J, Math, Phys. 12, 502 (1971).
5, L. J. Laslett and W, A, Perkins, Betatron
Amplitude Growth Upon Traversing Resonances
During the Compression Cycle of an Electron
Ring Accelerator, Lawrence Radiation Labora-
tory Report UCRL-20443, Nov. 1970, to be
published in Nucl. Instr, Methods.
6. A. A. Garren and J, Oldson, Electron
Ring Accelerator Notes ERAN-106; L, J.
Laslett, ERAN-98, -99, -102, -103, -104,
-109, -119,-124, -128, -130, -138, -139,
~142, -448, -151, -153, -154.
7. A. M. Sesaler, Beam-Surrounding Inter-
actiona and the Stability of Relativistic Particle
Beams, IEEE Trans. Nucl. Sci. NS-48 (3),
1039 (June 1971).
8. A, C, Entis, A, A, Garren, and L, Smith,
Negative Mass Instabilities in an Electron
Ring Compressor, IEEE Trans. Nucl. Sci.
NS-18 (3), 1092 (June 1971).
9. A. A. Garren, Electron Ring Accelerator
Notes EBAN-123; A, C. Entis, A, A. Garren
and D, Mthl, ERAN-150; L, J. Laslett,
ERAN-92, -111.
10. R, T. Avery and L, Jackson Laslett,
Eddy Currents, Landau-Damping Coefficients,
and Their Implications in Electron=Ring
Compressor Design, Lawrence Radiation
Laboratory Report UCRL~-20684, July 1971, to
be published in Proceedings of the VIiith Inter-
national Conference on High Energy Accelera-
tors, CERN, Geneva.
414, L. J. Laslett, Electron Ring Accelerator
Notes ERAN-120, -124, -126, -149.
12, L. J. Laslett and U, Schumacher, The
Enhancement of Landau-Damping Coefficients,
for Collective Radial Instabilities in an '
Electron-Ring Accel or by an Ancillary
Field, to be published in the Proceedings
-the VIIlth International Conference on High
Energy Accelerators, CERN, Geneva.
13. A, Faltens, E, Hartwig, D. M&hl, and
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A. Sessler, An Analog Method for Measuring
the Longitudinal Coupling Impedance of a
Relativistic Beam With Its Envirnoment,
Lawrence Berkeley Laboratory Report LBL-43,
Aug, 1971, to be published in the Proceedings
of the VIIith International Conference on Hig%

Energy Accelerators, CERN, Geneva.
14, D. MBhl and A, Sessler, The Use of RF-

Knockout for Determination of the Character-
istics of the Transverse Coherent Instability
of an Intense Beam, Lawrence Berkeley
Laboratory Report LBL-42, to be published in

the Proceedings of the VIIlth International

Conference on High Energy Accelerators,
CERN, Geneva,

NUCLEAR PHYSICS

For many years Swiatecki and his col-
laborators have been concerned with the prop-
At present their
First, several concrete
problems in nuclear structure are being in-
vestigated, some in collaboration with mem-
bers of the Nuclear Chemistry Division. The
underlying theme in this work is the unification
of nuclear theory, a guiding prinicple being the
ordering of 1 effects ding to the
magnitude of the relevant energy terms in the
Hamiiltonian, An energy hierarchy in decend-
ing powers of the cube reot of the miclear mass
nmumber A is found to be useful, terms of
order A, AZIS‘ A’,a being associated with
pic (collective) aspecte of lear
structure, and terms of order A%, ...A"!
involving microscopic (single-particle) features,

The semiempirical theory of nuclear
masses, sizes, and shapes, formulated by
Myeras and Swiatecki some years ago, embodies
this approach, and work on these static aspects
of nuclear structure continues. More recently,
a beginning in the formulation of the dynamics
of heavy-ion collisions has teen rnzuie.i The
immediate stimulus here is the need to develop
guidelines for the projected attempts to produce
superheavy elements by heavy-ion bombardments.

A second set of problems is more loosely

erties of nuclear matter.
work is on two levels.

macr

related to posaible applications in nuclear

1. W. J. Swiat

physica. One study that has gone on for a
number of years is the classification and anal-
ysis of the configurations of equilibrium of
rotating, gravitating, or charged fluid masses,
Another study,
carried out together with J. Lindhard concerns
the stability of extremely heavy nuclear systems
with atomic numbers in the thousands or more.
In particular, the stability of hollow syatems
(nuclear ' soap bubbles') was investigated. It
was found that when the atomic mumber ex-
ceeds (in order of magnitude) the three-halves
power of the reciprocal of the fine-structure
constant, the atomic electrons surrounding the
nucleus become highly relativistic and col-
lapse anto the nuclear soap bubble. The hollaw
elzctron cloud thus formed, which may. be
treated as a relativistic Thomas-Fermi gas, .
screens off the nuclear chatgg and appears to_
restore to the combined system of nncl.eoﬁ;,

and electrona the attributes of neutral stability
against disintegcation. Whether this is suffi-
cient to endow such structures wi.th a ﬂn!te
probability of uiatence in the univer - o
how one wnuld search for them, has not been
analyzed, ’

endowed with a surface tension.

Dynamics, talk given at the Ebeltoft Conference,
Ebeltoft, Denmark, May 19, 1971,

|_Fx 3,

ATOMIC PHYSICS

Members of the Theoretical Group have. -
been concerned with a variety. of problems in
atomic physica. Inparticular, because of .
recent progress in t.he measurement of the fine-
structure conlhnt. _using the Josephson effect,
there has been interest in theoretical work
which leads to the determination of a preciae
value by other means. Thus Daley. andSc_hw;ru
have made relahvinhc and rmclear-motion
corrections to the fine structure of l.he 2‘1
state of helium which will allow a detexmination



of the fine-structure constant to an accuracy of
one part in a million.

Related work by Wichmann and Mohr is
cancerned with radiative corrections to the
energy levels of an electron in a atrong
Coulomb field.

In connection with experiments by Marrus
and Schmieder” at the HILAC, Schwartz has
made an accurate analyais of the magnetic
dipole decay of the 18 25 35 state in two-
electron atoma, This work is in good agree-
ment with experiment,

There have been studies by Watson and
his collaborators on the collisional excitation
of halium ions by atomnic hydrogen. The cross
section for the excitation of atomic hydrogen
to the 2p state has also been determined.
Watson has a2lzo studied the scattering and
energy loss of light in rarefied media. This
work is of interest for the propagation of light
in intergalactic and interstellar media

1. B. N, Taylor, W. H, Parker, D. N.
Langenberg, Rev. Mod. Phys. 44, 375 (1969).
2. R. W, Schmieder and R. Marrus, Rela-
tivistic Magnetic Dipole Emission: Lifetime
of the 4828 ~S, State of Hellum-Like Argon,
Lawrence méation Laboratory Report
UCRL-~-19948, Aug. 1970.

PLASMA PHYSICS

Two theorists are active in the field of
vlasma physics, Kaufman and Watson. Kauf-
man and his co-workers are concentrating on
the interaction processes among callective
modes, and between particles and mades,
Recent research includes (1) resonance
broadening for discrete-mode interactions;

(2) particle-mode interactions in cylindrical
systems, and the conseguences thereof; (3)
diffusion theory for damped and growing waves;
(4) stability studies for gravitatianal systems;
(5) evolution of large amplitude waves in nen-
uniform media; (&) diffusion processes in ’
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toroidal systems.

Watson and his students Kuo and Lau have
been concerned with the propagation of elec-
tromagnetic waves in plasmas.

GRADUATE STUDENTS

The rnajor fraction of the research re-
ported here is carried out by graduate atudenta
working to complete the requirements for the
Ph. D. degree in theoretical physics. During
the past year there have been 20 to 25 graduate
etudents in the Theoretical Group, of which
about one~third are supported by University
funds. During this year, 10 students have
completed requirements for ti.x Ph, D. degree,

As in most research groups, there are in
ours a small mumber of disconnected research
efforts which do not conform to the pattern of
this report. Sach research is carried out by
theorists who alao 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 climate.
These theoriats are engaged in ar affort to
determine the relation between the earth's
orbitai para s, whict the solar
flux, and its climate,

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

. P
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ATOMIC BEAM GROUP

Howard A. Shugart in charge

The research effort of the Atomic Beam
Group is directed primarily toward measuring
some of the electromagnetic and mechanical
properties of atoms, molscules, 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 reaults is unambiguous and
the comparison with theoretical predictions
especially favorable. Qur methods make use
of atomic and molecular beams, ion beams,
optical and electron pumping, and radiation
ard particle detectors. In most cases thase
techniques are noted for their sensitivity and
reliability. We are specially fortunate to have
a mass-spectrometer operating on ons of our
beam apparatuses, which allows s number of
interesting problems in stabls atomic species
to be investigated.

HYDROGENLIKE AND HELIUMLIKE 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 Berkelay Hilac
and into & beryllium-foil target. Emerging
excited ions give off characteristic x rays that
are detected by lithium-doped silicon detectors.

The lifetime of the 2°s, ,, state of hydro-
genlike Ar-XVIII was measured by direct ob-
servation of sponta two~photon decay in
a beam-foil time-of-flight 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,
v12%s, ;) = 3.54(25)X10°7 nec (95% C. L.), 1
in exeellant agreement with theoretical pudie-
tions.

The lifetime of the 1sZn s‘ltueotheliiim'-
like Ar-XVII has been measured by observing
the decay in flight of the metastabls compo--
cent of the fast foll-excited bearn. The decay
occurs predominantly by relativistic magnetic
dipcle emission, a process first discussed by
Breit and Teller. The result,

7(2%8,) = (1722 15)x10"? sec (95% C. L.), is
compared with a recent calculation3 which
predicts a value of 240 nsec-close enough

to be interesting but ln' ennugh nwl.yh en-
courage further e!{ort :

New experiments ate planned on the Super-
hilac when its modifications are completad. -In
the maantime, we are working onﬂniuh-u
mentation that will be needed. - ;

1. R, W.'8 eder and R, Marrus;, Life-"
time of the 2 Mofﬁydrogenlﬁekgon,
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2. R. W. Schmieder ar2 R. Marrgs. Two-

Photon Decay and Lifetime of the 2°s4/2 Siate

of Hydrogenlike Argon, Fhys. Rev. Letters
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3. R. Marrus and R. W. Schmieder, Obnr-

vnﬁon of the Magnstic-Dipole Decay of the

State of Helium-Like Si XIII, 8 XV, and

Ar i'vn. Phys. Letters 32A, 431 (1970).
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tlme olthe State, Phyl. Rev. I.ntteu
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netic Quadrupole Radiation by ']_;wo-Electrun
Atoms: Lifetime of the (182p)2°P, State of
Helium-Like Argon, Bull. Am. Phys. Soc.
A5, 1517 (1970).

HYPERFINE STRUCTURE OF 5%Ga
J. Yellin and Richard Marrus

In recent years, several experiments
have been reported in which electric fields
were used in the C-region of an atornic-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 levels. In all of
these experiments the electric 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 electric fields have been on
I = 4/2 states (e.g. alkalics) whose interac-
tion with an electric ficld is a scalar and there-
fore independent of the ficld direction. More
recently, atomic-beam electric-field exper-
iments involving gallium, indium, and thal-
lium have been reported. Atomic beams of
gallinz: and indium ususlly contain both the
gronad 2P, /, state and the metastable *P, /,
state; and thus regardless of which state is
the object of study, both are present. Since
the "P, /2 state possesses a tensor polariza-
bility, the direction as well as magnitude of
the electric field is important in determining
the combined Zeeman-Stark effect.

Using gallium-69 as an example, we have
examined the influence of crossed fields on the
2P3 /2 state and bave concluded on the basis of
a theoretical analysis that the observation of
anti-level erossing in ground and low-lying
metastable states should be possible by the
atomie-beam method provided transitions be-
tween the crossiug levels lead to a refocused
beam. Detection of anti crossing by atomic
beams would have the advantage that no light

would be required, in addition to the usual ad-
vantage of beams. 1,2

1. J. Yellin, Comtined Zeeman and Stark Ef-
fect in the Hyperfine Structure Eithe 6“P3 /2
State of Thallium-205 and the 4°P State of
Gallium- 69, Lawrence Radiation Lanratory
Report UCRL-19569, Mar. 1970, sulmitted to
Phys. .

2. 3. Yellin, Hyperfine Structure of the ZPS/Z
Sfateu of Gallium, Indium, and Thallium
Crossed Electric and Magnstic Fields, Iaw—
rence Radiation Laboratory Report UCRL-
19573, May 1970,

DIFFERENTIAL STARK SHIFT
Joseph Yellin

The observation of Stark splitting in opti-
cal transitions by the atomic-beam method
utilizes unpolarized ligh*, for the nature of the
detsction is such that it is unnecessary to es-
tablish a population difference among the mag-
netic sublevels of either the excited state or
the ground state. Nevertheless, several ad-
vantages are gained from selective excitation
of magnetic sublevels by means of polarized
light: one, it is 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 ex-
plored.

Cesium is a particularly attractive system
in which to study the effect of using polarized
light, for due to its large fine-structure inter-
action, two resonances (one due to the zPi/z
state and the other to the *P, 1y, state)
overlap. so that ordinarily it has been neces-
sary to uge D-iine filters to measure the dif-
ferential Stark shift in the 6°P, 7, state. More-
over, the large electric fields which are needed
for cesium result in a complete breakdown of
the hyperfine coupling in the 2P3/Z state.

Results of a preliminary investigation on
cesium show that when the light is linearly po-
larized perpendicular to the quantum axis, the
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;elecﬁon rule Amf*g connects the gzronnd

Sy /2 state with both "Pyp,/p a0 “Py 143753
and consequently we observe the differential
Stark shift. When the polarization is parallel
to the axis, Amy= 0, only the zpuzﬁ/z state
can be excited. If the unfiltered cesium lamp
ie scanned with the light polarized perpendic-
ular to the axis of quantization, the high-field
resonance is due to both 2P3/2*3/z and Pi/Z;
whereas if the polarization is parallel to‘the
quantum axis, the resonance is due only to
ZPI/Z' Thus the two resonances may be sep-
arated.

The technique should prove especially use-
ful when the differential Stark shifts are com-
parable to the line width of the exciting radi-
ation or when optical filters may not be used
without great loss of intensity (e.g., when the
fine-gtructure splitting is amall).

1. J. Yellin, The Use of Polarized Light in
the Measurement of Differential Stark Shifts
by the Atomic Beamn Method, Lawrence Radi-
a';ion Laboratory Report UCRL~-19575, Apr.
1970.

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

Charles E. Johnson, Robert S. Van Dyck, Jr.,
and Howard A. Shugart

A time-~of-flight technique has been used
to investigate the lifetime of metastable etat:

first of which is a 60% transmitting mesh.
Ground state helium atoms cannot cause an
electron to b2 ejected and hence are not de-
tected. The time-of-flight distribution for the
metastable 275 state is seperated from that
of the z"‘s’ state by illuminating the beam with
an rf-discharge helium lamp. The 2 state
is g hed by nant absorption of a 20 581
A photor, raising the atom to the 2'P, state,
which then decays preferantially to the 'S,
ground state for tha triplet system. The tims-
of-flight distribution for the z’sn atoms ia
therefore obtained from the difference between
the full bearn and the quonched beam. A com-
parison of the mumber of z’sﬂmhlhbhlﬁﬁ-
in a given velocity interval at the two detectors
determines the number which d.ecayin flight
and yields a value for the two-photon radistive
lifetime. The value of the singlet lifetime for
both He> and He? is 19.721.0 msec, agreeing
with the theoretical value of 19.5 msec, but
dieagreeing with the value 3848 msec mea- ‘
sured by Pearl using a movable detector. The
1.0-msec error is an sstimate of the remain-
ing systematic errors in the experiment., 1-4
After compls:ing the measurement of the
radiative lifetime of the 2'5 metastahle state
of He, preliminary results have been obtained
for the 3P° and 3Pz metastable states of the .

of He, Ne, Ar, Kr, Xe, HZ' andDz. The
technique was originally developed to measure
the two-photon, radiative lifetime of the z’sn
metastable state of He.

After passing from a cooled source, he-
liom atoms are excited by a puised, antiparal-
le] electron beam. The atomic beam then con-
tains not only ground state heliurm atoms but
aleo metastable atoms in both the 275, and the
Ziso states. The metastable atoms are de-
tected at two positions, 1.9 meters and 6.7
meters from the electron gun, by Auger ejec-
tion of an electron from a copper target, the

heavier noble geses as well as for the e 3[!Il
metastable state oiﬂz amlDz. The lower
limits for the long radiative lifetimes of the ~
heavier noble gases are: T(3Pj >0.8 sec for
Ne, 1'(313) > 4.3 sec for Ar, and 1'(31?) >14.0 sec
for Kr. Xe yields a composite decay curve
possibly resulting from other long-lived states
cascading to the 3P states. The present mea-
surements are limited by residual gas or beam-
beam scattering, and by the Iength of the time-
of-flight region being short compared with a
decay length. .

For H, and DZ‘ the radiative lifetime for
a combination of magnetic dipole, electric
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quadrupole decay of the v=0 e :h metastable
state to the repulsive 32 state is T=1.0+0.1
msec. Experiments are in progress to extend
our measurements on I-I'.2 and Dz to include HD,
and also to investigate the & |, metastable
state of CO.

1. R. 5. Van Dyck, Jr., C. E. Johnson, and
H. A. gart, Radiative Lifetime of the Meta-
stable 2%S, State of Helium, Phys. Rev. Let-
ters 25, 1403 (1970).

2. Hobert Spaulding Van Dyck, Jr., Radiative
Lifetime of the 27Sy Metastable State of Helium
(Ph.D. Thesis), Lawrence Radiation Labora-
tory UCRL-20442, Nov. 1970.

3, R. 5. Van Dyck, Jr., C. E. Johnson, and
H. A. ’&ngart, Radiative Lifetime of the Meta-
stable 27S, State of Helium, Bull. Am. Phys.
Soc. 15 1516 (1970).

4. Van Dyck, Jr., C. E. Johnson, fnd
H. A. Slmgart. Radiative Lifetime of the 25,
Metastable State of Helium, Phys. Rev. .\,
1327 (1971).

5. R. S. Van Dyck, Jr., C. E. Johnson, and
H. A. Shug grt Lifetime Lower Limits for the
Metastable °P States of the Noble Gases, Bull.
Am, Phys. Soc. 16, 533 (1971).
. C. E. .Tohnaon. Lifetime of the Metastable
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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
state nuclear spin, the electronic zsi/z
ground state hyperfine structure (hfs) separa-
tions Av, and the nuclear magnetic moments
of 45-min 125G and 13-day 36Cs. A more
accurate value of the hfs separation of 6.2-hr
’Z7Cs was obtained by combining resonances
reported previously with those reported in
this work. Results are;

Isotope 1 Av(zs 1 /z) W {uncorr)
(Miz) (up)

125, 1/2 +8754(40)  +1.40(2)
1275, (1/2)=  +9109(45) +1.45(2)

previously

measgured
1364

s 5 +12702(28)  +3.68(4)

Previously the method of atomic beams
has furnished the nuclear ground state spins
and magnetic moments for a series of ten
cesium isotopes with neutron mumbers rang-
ing between 72 and 83. Our present measure-
rnents extend this series at the neutron-defi-
cient end (45-min 125Cs) and fill a gap in the
pneutron-rich end (13-day 1 Cs). The latter
isotope has 81 neutrons--one less than 2
closed shell--and 5 protons outside the Z =50
shell. Thua, we would expect that this ou-
cleus would be spherical, at least in the
ground state, and that the shell model woyld
explain the ground state spin and magnetic
moment. Our measurements concur with this
picture.

The ground state apin of 127Cs ana 127cs
cannot be explained easily in terms of the
shell model. To obtain a spin 1/2 from five
J-J coupled protons, one has to place ope of
the protons in the 33’/2 shell or place all five
protons in the hu/z shell. Both of these pos-
sibilities are excluded by energy considera-
tions. However, a deformed potential can ac-
count for the spin of 1/2. 1

1. O. B. Dabbousi, M. H. ior, and A.

Shugart, Muclear Spins of 1 5Cs ar.d 136¢g,
Hyperfine Structure ah

Magnetic Moment of ﬂ a.nd iaf%s.

Phys. Rev. C3, 1326 (1971).
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RF RESONANCE TECHNIQUE
Tetsuo Hadeishi

The rf resonance technique, because of
its high resolution, can yield a great deal of
information about the excited states of atoms
that cannot be obtained by classical techniques;
but unfortunately, its application generally re-
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 iona move at a relatively
high velocity (a few percent of the speed of
light) that is reasonably uniform and quite di-
rectional. These atoms, propagating with
velocity V through an applied spatially periodic
electric field of period 24, experience an os-
cillating frequency v given by v = V/(2d).

The required rf power is given by the amplitude
of the static spatially periodic field; it can
easily 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 seen by the
atom cocld be as high as the vacuum ultraviolet
region. Therefore, at least in principle, the
usable frequency is from a few MHz to the
vacuum ultraviolet. At present, no device is
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 electric field by observing the Lamb shift
for the n = 2 level in hydrogen. The exper-
imental result is in complete agreement with
the theoretical prediction. The beam-foil spec-
troscopy technique can also be used to detect
rf magnetic resonance, Hanle effect, and level-
croesing effects. In order to observe such
phenomena, it is necessary that the excited
atoms be either oriented or aligned. 1

Since almost no inforn roing
the alignmenrt of excited states by foil was
availabie, we undertook last year an exper-
imental program to provide some.” One fea-
ture of the beam-foil light source is that the
time (or piace) of excitation is sharply defined.
This permits the observation of quantum beats;
suchbeats are a sensitive indicator of the pres-
ence of alignment of the excited electronic
levels. In our experiments, in which zoNe+
ions with a nominal energy of 425 keV were
sent through a carbon foil 5 pg/(::mz thick, we
found conclusive evidence that the passage of
ions through a thin foil results in a high degree
of alignment of the tranamitted excited atoms
and ions. We have used these observations to
measure the mean lives and g values of elec-
tronic levels.

One of the very important features of the
alignment of the electronic states in ithe beam-
foil experiment is the possibility it presents
for studying the ions. In classical optical spec-
troscopy, determining the g-values of ions is
very difficult because of the cyelotron-res-
onance effect in high magnetic fields. (High
magnetic fields are necessary for Zeeman ef-
fect nt b of the Doppler
shift.)

However, in the guantum-beats exper-
iment, the Doppler effect contribution is com-
pletely negligible, allowing the determination
of g-values. These values caz be used to

heck the level-sch assig nts made on
the basis of classical spectroscopy. For ex-
ample, from g-values determined by observing
the Ne II line at 4220 A, we find that the pre-
vious assignment of 36%p-4£D° is incorrect.
(This was pointed out by Dr. W. C. Martin of
the National Bureau of Standards.)

1. T. Hadeishi, Resonance Effects of Fast-
Moving Excited Atoms by Spatially Periodic
Potentials, Nucl. Instr. Methods 30, 337
(1970).
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2. €. H. Liu, 5. Bashkin, W. 5. Bickel, and
‘T. Hadeishi, The Alignment of Atoms and Ions
with the Beam«Fail Light Source, Phys. Rev.

Letters 26, 222 (1971).

TEST FOR MERCURY IN FOOD
T. Hadeishi and R. D. McLaughlin

A problem of great importance today is
the detection of mercury in food, especially in
fish such as tuna and swordfish. Unfortunately,
go far as we know, no device available can
make a rapid analysis of mersury 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 {iis purpase a mercury
optical-pumping muclear magnetic resonance
magnetometer which we had constructed ear-
lier to measure magnetic fields. 1 We were
motivated to utilize this technique because we
are able to observe routinely in our magnetoms-
eter a magnetic resonance signal whose equiv-
alent density is about 1020 to 101% atoms per
This corresponds to about 10-12 g of
Because of the intrinsic
sensitivity of this apparatus and because con-
siderable work had been done to construct a
stable, intense, sharp mercury lamp and as-
sociated electronics, we felt that coaverting
the magnetometer to amercury detector would
be of interest.

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
least 0.04 ppm), which is very rapid in anal-
ysis without any chemical separation from the
host material, and which is inexpensive. We
believe that the prototype instrument we devel-
oped satisfies the above aims, although the
unit in its present form is not quite portable
because we used readily availalle materials
rather than engineering a commercial-type

unit.

3
cm™.
mercury per cm .

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

METASTABLE Linl 215,
M. H. Prior and H. A. Shugart

The radiative lifetime of Li II 2So has
been measured by counting decay photons ver-
sus time from an ensemble of metastable Li
ions stored in a simple electromagnetic trap
of the Penning variety. ] The result is
Texpt = 503(26) psec. The error represents
one standard deviation from the mean of a
series of 34 separate determinations. This
result is in agreement with the theoretical
value T, =513 psec,

To the authors® knowledge, this is the
first application of the ion storage technique
to the measurement of a metastable lifetime.

The method used is manifestly straight-
forward. A quantity (= 102) of 1.1 ions in the
2‘5, state is created at t=0. They are stored
in an jon trap in a region (=3 uns) viewed by
photon detectors capable of counting a constant
fraction of the decay photons which leave the
region during the confinement time. These
counts are accumulated over several mean
lifetimes after t = 0. All ions are then swept
from the trap, and a new cycle begun. Many
fill-store~dump cycles are repeated until a de-
cay curve is built up which has sufficiently
small statistical error to allow determination
of a mean lifetime.

1. M. H. Prior ard H. A. Shugart, Radiative
Lifetime of Metastable Lill 215, Phys. Rev.
Letters 27, 902 (1971).

POLARIZATION OF CASCADE PHOTONS

Johr Clauser, Eugene “ommins, and Stoart
Freedman

The polarization correlation of optical
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photons emitted successively in an atomic cas-
cade is being measured as a test for the exis~
tence of local hidden variables in quantum me-
chanics. The photons are directed through
polarizers and counted in delayed coincidence.
An analysis of the coincidence rate as a func~
tion of relative polarizer orientation yields a
sensitive test for the existence of a relativisti-
cally invariant substructure underlying quan-
tum theory. The ignorance of the initial condi-
tions of this substructure, it is hypothesized,
give rise to the stochastic results of quantum
mechanical measurements. Preliminary re-
sults indicate the nonexistence of such a sub~
structure. 1.2

1. J. F. Clauser, Von Neumann's Informal
Hidden-Variable Argument, Amer. J. Phys.
39, 1095 (1974).

2. J. F. Clauser, Reply to Dr. Wigner's Ob-
jections, Amer. J. Phys. 39, 1098 {( 971).

PUBLICATIONS AND PAPERS

1. J. F. Clauser, Von Neumann’s Informal
Hidden-Variable Argument, Amer. J. Fhys.
39, 1095 (1971).

2. J. F. Clauser, Reply to Dr. Wigner's
Objection, Amer. J. Phys. 39, 1098 (1971).

3. O. B. Dabhousi, M. H. Prior, and H. A.
Shugart, Nuclear Spins of 12565 d 13663
Hyperfine Structure Separation and Nuclear
Ma - 125 127 136

gnetic Moment of Cs, Cs, and

Phys. Rev. T3, 1326 (1971).

4. T. Hadeishi and R. D. McLaughlin, Hyper-
fine Zeeman-Effect Atomic Absorption Spec-

trometer for Mercury, Science 174, 404 (1974).

5. T. Hadeishi, Resonance Effecis of Fast-

Moving Excited Atoms by Spatially Periodic

Potentials, Nucl. Instr. Methods 39, 337

{1970).

6. GC. =. Johnson, Lifetime of the Metastable
State of and D, Bull. Am. Phys. Soc.

46, 533 (1971).

7. C. H. Liu, 5. Bashkin, W. 5. Bu:ke.. and

T. Hadgishi, The Alignment of Atoms and Ions
with the Beam-Foil Light Source, Phys. Rew.
Letters 26, 222 {1974).

8. R. Marrus and R. W. Schmieder, Ob-
-ervatwn of the Magnetic Quadrupole Decay
(Z Pyri 5.,) of Heliumlike Ar XVII and Life-
time oiﬂm 23Pz State, Phys. Rev. Lefters .
25, 1689 {1970).

9. R. Marrus and R. W. Schmieder, Obser-
vation of the Magnetic-Dipole Decay of the .
2%, State of Helium-Like Si XIII, S XV, and

Ar XVII, E_?hys. Letteru?v‘_ZA. 431 (1970).

10. M. H. Prior and H. A. Shugart, Radi-
ative Lifetime of Metastable Li II 2%5,, Phye. .
Rev. Letters 27, 902 (1974).

14, R. W. Schmieder and R. Marras, Life-
time of the Zzs 1/2 State of Hydrogenlike Ar-
gon, Bull. Am. Phys. Soc. 16, 105 (1971).

12. R. W. Schmieder and R. Marrus, Mag-
netic Quadrupole Radiation by Two-Electron
Atoms: Lifetime of the (1s2p)2 P, State of
Helium-Like Argon, Bull. Am. Phys. Soc.
45, 1517 (1970).

13. R. W. Schmieder and R. Marrus, Rela-
tivistic Magnetic Dipole Emission: Lifetime
of the 1828 351 State of Helium-Like Argon,
Phys. Rev. Letters 25, 1245 (1970).

12. R. W. Schmieder and R. Marrus, Two-
Photon Decay and Lifetime of the 2231/2 State
of Hydrogenlike Argon, FPhys. Rev. Letters

25, 1692 {1970).

15. K. -D. Tillmann, Energy Spectra of Back-
scattered Electrons and Positrons by Mante
Carlo Calculations, Lawrence Radiation Lab-
oratory Report UCRL~-19749, Mar. 1970,

16. R. S. Van Dyck, Jr., C. E. Johuson, .-
and H. A. Shugart, Lifetime Lower Limits
for the Metastable P States of the Noble Gases, -
Buill. Am. Phys. Soc. 46, 533 (1974).



-84.

47. Robert Speulding Var Dyck, Jr., Eadiative
Lifetirm nf the 255, Metastalis State of Heliom
{Fh. D, Thevis), Lawrenes Rediution Iabora-
tory Repart UCRL-20142, Xow, 1970,

18. ER. 8. Van Dyck, Jr., C. E. Johnaou,
and H. A. Shugard, Radiative Lifetime of the
Metzatable 225, Stats of Hefom, Bull, Am.
Phys- Soc. 18, 4546 {1970).

t%. R. 5. Van Dyé&k, Jr., €. E. Johnson,
agd H. A. Shugart, Radiative Lifetime of the
Motastable 2 'S, State of Helium, Phys. Rev.
Letiers 25, 1403 [4970).

20, R. S, Van Dyek, Je., C, E. Johpson,
and H. A. Shugart. Radiative Lifctime of thr
z‘s. Metastable State of Helivmn, Phys. Rev.
Ad, 1327 (1974).

21. J. Yellin, Combined Zeeman and Siark
Effect in the Hyperfine Strt\cture of the & P3/z
State of Thallium~205 and the 4 P3 /2 State of
Gallium-69, Lawrence Radiation Laboratory
Report UCRL-19569, Mar. 1970, submiited to
Phys. Rev.

22. J. Yellin, Hyperfine Structure of the

?P, ), States of Callium, Indium, and Thallium
in Crosged Electric and Magnetic Fields, Law-
rence Radiation Labeoratory Report UCRL-
49573, May 1970.

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



~85-

CONTROLLED THERMONUCLEAR RESEARCH AND PLASMA PHYSICS

W. B. Kunkel in charge

RESEARCH PROGRAMS

The research activity of this group in
plasma physics and related atomic physics is
a part of the controlled-fusion program cen-
tered at Lawrence Livermore Laboratory.
Additionzl information about this work is in-
cluded in the Controlled Thermonuclear Re-
search Anmal Report. 1

The theoretical development of the com-
bined Zeeman and high-frequency Stark ef-
fects has been completed. This theory, which
t of the
frequency spectrum, intensity, and polariza-
tion of suificiently strong electric fields in a
magnetized plasma, has been carried out by
numerical solation of Schridinger's equation
and, when possible, 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 sev-
eral pitfails to be avoided in measuring elec-
tric fields by this technique. The calculations
have also been extended to include hydrogen-
like atoms, but so 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-helinm plasma, we are concluding a de-
tailed comparison of the experimental results
with the predictions of the theories mentioned
abaove (B = 0). In a beam-plasma interaction

permits the spectr pic measur

4. Controlled Thermonuclear Research
Arnusl Report, Lawrence Livermore Labora-
tory Report UCRL-5002-70.

experiment, studies of the electric fields’
associated with the instahility by the High
frequency Stark-Zeeman eHe‘ét"a're"fééxiﬁnmg
and new instrumentation is being developed to‘
facilitate the studies of the temporal growth of
the instability. :
The spectrai distribution of lighl':"emitted
or scattered from a plasma gives information
ahout fluctuations in the plasma and is there-
fore being used for diagnostic puzposes.
Light is characterized by phase as well as by
frequency, and during the last year, work was
egun on a project designed to explore the
poseibilities of using phase information for )
diagnostic purposes. Preliminary studies in-
dicate that with phaae information one uhbnld
be able to make a local apecboecop‘lc mea-
surement and to observe correlahonbetwe
light sources in a plasma.
A lager-plasma experiment is still vndér
development. Q-switched laser pulses with *
subnanosecond rise times and various puiae =’
lengths have been fally demonstratad’’
by using a laser oscillator in the TVR (Time
Variation Reflectivity) mode, with a variable '
length cavity. This fast pulse will be amplified
by two 15.2-cm ruby amplifiers before en-
terin; the vacuum chamber. Nondestructive
lasing in this mode requires an LTSG (Laser
Triggered Srark. Gap) which was also de-
veloped. The peak power is expected to be
about 200 MW. Ordinary Q-switch lasing has
been used to demonstrate ability fo " plasma=
rize" falling 50-p glass spheres. No spatial
asymmetry has heen ohserved for the 50-p
apheres 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 small
pellets to ackieve containment. In an attempt
to manufacture small pellets of frozen deu-
terium, we have developed a special refri-
gerator by means of which a 50-p-diameter
thread of solid deuterium can be continously
extruded into a rapidly pumped vacuum at a
rate of a few cm per sec. The thread is to be
chopped into small pellets which then must be
focused, funneled, or at least collimated, so
that they can serve as suitable target ma-
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 is to deliver a 30-msec
10-A pulse of deuterium neutrals (atoms and
molecules) at 20 keV into the target plasma
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 wounld result in a
different focal point for each ion species in
the beam (they differ in q/m) and consequently
in loss of beam, and since beam energy modu-
lation is easier if there is not a magnetic field
to modulate, we decided to attempt an ex-
tractor design to generate an ion beam of
small enough initial divergence that additional
magnetic focusing would not be required.

We also began the development of a plasma
source of adequate size, mity, and
density to permit extraction of a large ion
beam, using multiple apertures, from which
at least 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 this experimentally optimized
extractor design. In genmeral, the computed

and measured extractor properties agreed
very well. We have also designed and are
constructing extractors utilizing arrays of
slots in an attemnpt to prevent buckling of the
structure when it is heated during the pulse.
A novel large-area plasma source for the ex-
tractor has been developed. .

Feedback-stabilization experiments on a
plasma column {(n ~ 10 cm's) in a magnetic
field are approaching completion. Much of
the work in the past year has 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 ¥Hz) fluctuation has been identified, in a
fairly convincing way, as a Rayleigh-Taylor
centrifugal flute, driven by the radial elec-
tric field. Feedback stabilization of this in-
stability has been demonstrated.

Developments in theoretical work include
the following:

(2) The nonlinear interaction of N os~
cillators, with N not too small (N ~10), is
treated statistically. A diffusion equation
for the probability density in action-space
describes its evolution to a microcanonical
distribution over that portion of the energy
hyperplane for which the resonance widths
(or relative-phase diffusivities) are zonvan-
ishing. These widths are determined by non-
linear coupled equations, in terms of the reso-
nance frequency-mismatches and the nonlinear
interaction coefficients. For diffusion to oc-
cur, the interaction strengths must exceed
the mismatches.

(b) As exemplified by the solar wind, an
expanding plasma n.:ay become unstable with
respect to infinitesimal Alfvén waves. The

heh 24

jor of a finite-amplitude wave under
these conditions was studied, using the Chew-
Goldberger-Low model. It was found, first,
that the stability criterion is amplitude-de-




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 in H‘Z'
He, N,, and Ne gases have been measured;
measurements of efficiencies of converting
H; ions into c3nu 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 Paterson

RADIATION LEVELS IN AIRCRAFT
Roger Wallace

A series of measurements have baen made
to evaluate the radiation dose from cosmic
rays received in commercial aircraft. The
doses ars about 5 mrem/round-trip flight of
more than several thoussand miles. When con-
sideration 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
radiztion.

THERAPY WITH HEAVY-ION ACCELERATORS
Roger Wallace

The potentisl use of & high-energy heavy-
ion accelerator for therapeutic treatment has
been evaluated from the public health point of
view. It is possible that such an accelarator
could reduce the cost of radio therapy by half,
and at the same tims improve the results. The
best ions to use are probably not heavier than
nson. Energies up to 500 MeV per AMU
(atemic mass unit) will be needed.

ICRP PUBLICATION 15

In 1967, the ICRP appointed a task group
to revise Publication 3 (Protection Againat X
Rays Up to Energies of 3 MaV) and Publication
4 {Protection Agaiast Electromagnetic Radi-
ation Above 3 MaV and Electrons, Neutrous,
and Protons), and to incorporate them into a
singis volums. The revision of the main text
was published in 1970, and the appendix mate-

in charge

rial is in preparation. The Health Physics
Group hae participated in this work, 1 partic-
ularly in supplying information relating to
high-anargy neutron dosimetry,

1. ICRP Publication 45, Protection Ag&im
lonizing Radiation from External Sources, A
Report by Committee 3 of the Intarnational
Commission on Radiological Protection,
Adopted by the Cormmission in Nowmber,
1969, {(Pergamon Press, Oxford, 1970).

(n, p) DIFFERENTIAL SCATTERING DATA

A. Rindi, T. Salmon-Cinottt (Unlvunity of
Bologns, Italy), and C. B. Lim

An empirical mathematical expression
has beer gensrated, using the least squares
technique, for fitting the experimental dats
of the (n, p) elastic-scattering differential
cross section from 20 up to 400 MeV. 1 This
expreszion 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, Nov. 1970.

SPARK-CHAMEBER NEUTRON SPECTROMETER
Alessandro Rindi and Chun Bin Lim

We zre building an apparatus for measur-
ing neutron spectra in the energy range from
sboat 30 MeV to 300 MeV. Xt consists of a
series of 12 spark chambers, each of them
sandwiched between a triggering scintiliator
ard a polyethylens sheet whose thickness de-



-90-

pends on the energy range to be covered. The
protons generated by (n, p) elastic-scattering
reactions with the hydrogen nuclei of the poly-
ethylene converters and of the scintillators
are detected by the spark chambers.
chambers with magnetostrictive readout in
hich the coordinates of the sparks can be

fitted directly into a computer program that
evaluates the 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 is in the assembling phase.
It will measure spectra of neutrons of an as-
sumed angular distribution with an efficiency
between 40~ and 40”3 and an energy resolu-
tion of the order of 40%. It can be used for
measuring stray neutrons around high-energy
accelerators for protection or physical pur-
poies, as well as spectra in scattered neutron
beams.

We use

NEUTRON MONITORING SYSTEM
Alessandro Rindi and the 484-Inch Crew

8ix neutron-monitoring units ( BF3 mod-
erated counters) have been connected through
100-ft cables to plug-in boxes located at differ-
ent posftions in the 484-Inch Synchracyclotron
building. The signals are sent to a Health
Physics Monitoring Station in the building, to
the Main Control Room, and to the telemeter-
ing line. 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.
Foelsche, D. Lazarugs, G. Levine, W. H.
Moore, T. Toohig (BNL); and J. Kostoulas
{U. of Rochester)

The distribution of the nuclear cascade in

steel has been investigated using u(J-au:tiwa-

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 (JIEZRN1 and Berkeley.z

Studies were also made by coincidence
counter techniques of the penetration of p-
mesons through gt=el to depths of 4.8 m.
These measur ts represent the most ex-
tensive p-rneson shielding studies made up to
the present time.

1. J. Geibel et al., Shielding Studies in Steel
with 40 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 First Symposium on Ac-
celerator Radiation Dosimetry and Experience,
held at BNL, Nov. 3-5, 1965, CONF-654409
(TID-4500), pp. 365-409; also Lawrence Radi-
aﬂ:n Laboratory Report UCRL-16323, Nov.
1965.

GROUND-WATER CONTAMINATION BY
HIGH-ENERGY ACCELERATORS

Ralph H. Thomas

Studies of possible contamination of
gr d- by high-energy acceler-
ators, initiated at the Rutherford Laboratoryl'
have continued. A general evaluation shows it
is unlikely that existing or projected high-
energy accelerators in the energy region up to
several hundred GeV pose a serious problem
in this respect. Estimates of the productionof
radionuclides in the shield of the ('.:F'S.3 based
on neutron-flux l'uealt‘u'c.'l'uentl.4 indicate that
3I-l. 73:. ZZN&. 54Mn. and 43Ca are produced
in the largest quantities in the earth and ground
water. Theae data may be scaled to give the
total quantity of radionuclides produced in the
earth shield of a 500-GeV proton synchrotren.
If mixing with the total inflow to the ground-
water syatem due to rainfall is assumed, and
if all the long-lived radionuclides are released,

ter sy
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maximum specific activities of ~3X 40”2 MPC
could arise in grocnd water. However, chem-
ical sorption plays an extremely important
role in limiting the release of radiomuclides to
If only tritium is
mobile, levels of ~ 10" % MPC are estimated.

the general environment.
5

1. G. B. Stapleton and R. H. Thomzs, Exper-
imental Studies of the Sorption of Be on Chalk,
Rutherford Laboratory Report RHEL/M/EI,
July 1970.

2. G. B. Stapleton and R. H. Thomas, Esti-
mation of the Ground-Water System in 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. Hoyer, Induced Radioactivity in the
Earth Shielding on Top of High-Energy Particle
Accelerators, CERN-68-42, Dec. 9, 1968.

4. W. 8. Gilbertet al., 1966 CERN-LRL-
RHEL Shielding Experiment at the CERN Pro-
ton Synchrotron, UCRL-17944, Sept. 1968,

5. R. H. Thomas, Possible Contamination of
Ground-Water System by High-Energy Proton
Accelerators, Lawrence Radiation Laboratory
Report UCRL-2£134, Oct. 1970.

VAM ALLEN BELT RADIATION DAMAGE
Lloyd D. Stephzne and A. Jerry Miller

A recently completed experimental re-
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 ont on a NASA-AEC
contract and made use of the electron linear
accelerator. Studies were also carried out to
determine what damage, if any, would be ex-
perienced by the optical coatings on thia glass
at vacuums of approximaiely 40° ° Torr, and
at both elevated and reduced ambient temper-
atures.

Additional work will be carried out to de-
tezmine structural damage to the glass 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 STUDY
Lloyd D. Stephens

A project has been started for cataloging
the radiation areas and intensities at the 88-
in. sector-focused cyclotron. The machine
has the capability for acceleration of varied . .
ions and energies; each of the posaible condi-
tiona results in a rather unique radiation pat-
tern and a catalog of these would be very use-
ful for planning purposes.

A second project involves radiation-dose
estimates to magnet atructures associated
with the machine. This is part of a larger
study being carried out to determine the opti-
mun material for potting magnet windings.
Dose estimates are being made for the main
magnet in the region of highest expogure.
This will soon be completed.

TRACE-ELEMENT IDENTIFICATION
Alan R. Smith

We continue the use of high-resolution
Ge(Li) semiconductor dstector y-ray spec-
troscopy in trace-element identification via
reactor neutron irradiations. A pilot study of
trace-element identification in several types
of human tissue and blotd (with Dr. T. Bud-
inger, LBL Medical Department) has been
completed; results are being prepared for
publication. A preliminary study to identify
air pollutaats (with L. Hughes, UCB Radio-
logical Safety Department) has resulted in a
grant (20 L. Hughes) for a specific full-scale
study, under which the cooperative effort will
be continzed.

HIGH-ENERGY BEAM MOMNITORING
Joseph B. McCaslin and Alan R. Smith

Our high-energy beam monitoring tech-
niques saw increased use this year by exper-
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imental teams at both the 1B4-in. cyclotron

and the Bevatron. We initiated an effort to
verify the absolute accuracy of rescl:s ob-
tained with the Au ~ “9'1‘5 reaction at Bev-
atron energies through direct comparison with
the 12¢ - ¢ reaction, for which more accu-
rate cross-section data exist, but which (ux-
Iike the Au - 1391 reaction) is susceptible to
interference from secondary particles. A sim-
ilar effort is under way to improve the absolute
accuracy of monitor results obtainable with
the 2. . 7Be reaction, thus permitting pre-
cise nts from h longer expo-
sures than is possible with the “c - “C
reaction.

Measurements have been made arcund the
first three EPB magnets on the Bevatron's
outside west platform in order to determine
beam losses with the Piccioni extraction sys-
tem. When the r xtraction syo!
in in operation, these measzrements will be
repeated to make comparisons and to estimate
radiation damage to the magnet components.

PUBLICATIONS AND PAPERS

4. Michael F. Boyer, A Measurement of
Cosmic Radiation Dose: Jet Aircraft to Polar
Route, San Francisco to London, {M.S. Thesis),
Lawrence Radiation Laboratory Report UCRL-
20052, Aug. 1970.

2. Thomas F. Budinger, Jacquelin R. Farwell,
Alcs R. Smith, and Hans Bichsel, Human Tis-
sue Trace-Element Detection by Neutron Acti-
vation Without Chemical Separation, Lawrence
Radiation Laboratory Report UCRL-20236, Dec.
1970.

3. Klaus Goebcl and A. Jerry Miller, Inten-
sity Estimation for a Neutron Beam for Bio-
logical and Medical Applicati Lawrence
Radiation Laboratory Report UCRL- 49745, Aug.
1970.

4. K. Goebel, J. B. McCaslin, H. W. Patter-
son, and A. R. Smith, Monitoring of Positively
Charged Particles in the Electron Ring Accel-

erator, Lawrence Radiation Laboratary Report
UCRL-20664, Apr. 2974.

5. A. J. Miller and H. W. Patterson, Mea-
surernent of Induced Activity to Estimate Per-
sonnei Radiation Exposures Received from
Accelerator Beams, presented at the 16th
Annual Health Physics Society Meeting, New
York, N. Y., July 12-25, 1971, Lawrence
Radiation Laboratory Report UCRL-20262,
June 1974.

6. H. Wade Patterson and Ralph H. Thomas,
Experimental Shielding Studies at High Energy
Proton Accelerators--A Review, Particle Ac-
cel. 2, 77 (1974).

7. H. Wade Patterson and Ralph H. Thomas,
Quality Factor--A Sound Concept, Heslth
Physics 20. 529 (1971).

8. H. Wade Patterson, Jormsa T. Routti, and
Ralph H. Thomas, What Quslity Factor?
Health Physics 20, 517 (1971).

9. Jonathan R. Radin, Serge A. Korff, Alan
R. Smith, ard Nickey Little, a-Spallation
Cross Sections =t 920 Me V(230 MeV/N) in 27Al,
165, 12¢ 3na IBe, and Application to Cosmic-
Ray Transport, Lawrence Radiation Laboratory
Report UCRL-20424, Mar. 4974, submitted to
Phys. Rev.

2

10. A. Rindi, T. Salmon-Cinotti, asd C. B. Lim,
(n, p) Elastic Scattering: A Fitting Expression
for the Differential Cross Sections in the En-
ergy Range Between 22.5 and 400 MeV, Law-
rence Radiation Laboratary Report UCRL-~-
20295, Nov. 1970.

14. Alessandro Rindi and Ralph H. Thomas,
Povera E Nuoda Vai, Dosimetria, Lawrence
Radistion Laboratory Report UCRL-20814,
June 19741, submitted to Health Physics.
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12. Jorma T. Routti and Andreas Szeless,
Partition of Numbers and Application to Higher
Derivatives of Composite Fancti L
Radiation Laboratcry Report UCRL-20215,
Sept. 1970.

13. J. Sperinde, L. E. Temple, V. Perez-
Mendez, A. J. Miller, and A. Rindi, Tech-
niques for Mapping The Spatial Distribution of
Stopping ¥ Mesons in Tissue, Lawrence Radi-
ation Laboratory Report UCRL-20291, Mar.
1974.

14. G. B. Stapleton and R. H. Thomas,
Estimation of the Groond-Water System in the
Neighborhood of a Proposed 300-GeV High-
Energy Accelerator Situated on a Chalk Site,
Rutherford Laboratory Report RHEL/R, Dec.
1970.

15. G. B. Stapleton and R. H. Thomas,
Experimental Studies of the Sorption of 'Be
on Chalk, Rutherford Laboratory Report
RHEL/M/EI, July 1970.

16. Palmer G. Steward and Roger W. Wallace,
Stopping Power and Range for Any Nucleus in
Any Nongassous Material--A Composite Msth-
od, Lawrence Radiation Laboratory Report
UCR1-~-19428, Sept. 1970, submitted to Physics
in Medicine and Biology.

17. Ralph H. Thomas, Ed., Accalerator
Health Physics, A Training Manual, Vol. 2:
Laboratory Manual, Lawrence Radiation Lab-~
oratory Report UCRL-18222, Vol. 2, Feb.
1974.

18. Ralph H. Thomas and G. B. Stapleton,

Experimental Studies of the Sorption of ' Be
on Chslk, Rutherford Laboratory Report
RHEL/M/EI, July 1970.

19. Ralph H. Thomas, Possible Contamins-
tion of Ground Water System by High Enexrgy
Proton Accelerators, presented at the Fifth
Annual Health Physics Society Mid-Year Top-
ical Sympesium on the Health Fhysics As-
pects of Nuclear Facility Siting, Idaho Falle,
Nov. 3-6, 1970, Lawrence Radiation Labora-
tory Report UCRL-20131, Oct. 1970,

20. Raiph H. Thomas, Shielding of the Bev-
atron, in Enginsering Compendium on Shisld-
ing, Vol. 3, R. G. Jasger, Ed. (Springar-
Verlag, Berlin, 4970), p. 165.

24. Rglph H. Thomas, G. W. Bennet ot al.,
Study of Uniform Steel Beam Stop at 28 GeV,
presented at IEEE Confarence on Particle
Accelarstors, Chicago, March 1974, IEEE
Trans. Nucl Sci. NS-18, 776 {1571).

22. Roger Wallace and Michasl F. Boysr, An
Experimental Measurement of Galactic Cos-
mic Radistion Dose in Conventional Alreraft
Between San Francisco and London Coempared
to Thaoretical Values for Conventional and
Supersonic Aircraft, Lawrence Radiation Lab-
oratory Report UCRL-20209, Feb. 1974, sub-
mitted to the National Symposium on Natural
and Manmszde Radiation in Space, Las Vegas,
Nevada, March 2-5, 1971.

23, Harold Wollsnberg, Comments on Paper
by C. H. Schols and T. J. Fitch, "Strain and
Creep in Central California," J. Geophys.
Res. 76, 3429 (1971).
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NUCLEAR EMULSION GROUP

Harry H. Heckman in charge

The Nuclear Emulsion group engages in
interreiated programs of research in the fields
of cosmic rays, magnetospheric and high-en-
ergy physics. Technical programs include
instrumentation for the analysis of particle
tracks in nuclear emulsion, and, in coopera-
tion with the University of California Space

Sciences Laboratory, the development of solid-

state (S1) particle identifiers for space and
laboratory experiments.

Cosmic-ray heavy-ion physics is heing
pursued with nuclear-emulsion dstactors that
are part of a balloon-borne, superconducting
magnetic spectrometer. This work is a
cooperative oflort with the Cosmic-Ray
Division, NASA, Houston. The purpcas of
the work is to determine the momentum and
charge spactra of the heavy cosmic-ray pri-
mariss for rigidities (=pc/s) up to about 250
GV, apd to study their intsractions in matter.

Experimental and theoretical work on ths
spatial and temporal properties of high-anargy
(30 < E < 600 M&V), geomsgnetically-trapped,
inner-belt protons contimues to be a major
effort of the group.

We have also been involved in the develop-
ment of & new method for increasing the sensi-
tivity of plastic track datectors, and in & study
of accelerator irradiatione of minerals.

VARIATIONS OF INNER-ZONE PROTONS
Harry H. Heckman and Peter J. Lindstrom

As described in the previcus issus of this
report, we have undertaken a theoretical an-

aiysis of our experimental data cn the time
wvaristions in the flux of low-altitude, energetic
(E > 57 MeV)., geomagnetically-trapped pro-
tons. The dsta are being interpreted in zerms
of a time-depeadent cantimnity equation.

The results of this analysis are able to
accourt for the main featuves of the data, such
as the 3 1/2-yr "steady-state” period fol-
lowing the July 1962 Starfish detonation, and
the changes in the flux owing 20 solar-cycle
changes in the atmosphere bdefore and after
Starfish (Fig- 1)

We examined the poscibility of cbserving
eifects of semisnnual changc: ‘n the atmo-

Fig. 1. Compautsd proton flux jft), at
Bmin = 350 kra, beginning 1953.0 .?lg‘gin‘
source Sghg is caonstant, and flux
nluu j(1953) = 3.2 and 3.2 cm~¢ sec-1
MéV-1. Unique solution is obtained at this
altitods after 1958.5. The Starfish redistriba-
tion on 2 July 1962, &t S-yr Y staady-state”
from 1963 to 1966. the akrnpt solar-cycle
dacreass in tha proton flux afier mid-4966 are
reproduced in these calculations. The data
denoted by open circles are from work by
Fils and Holeman; the x's, this experiment.
The data points are limited to

Bnin = 350250 km. Solu-cyelc behvhr of
atmosphora at 350 km altitude is bg
dashed curve. (XBL-6510-5954)
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Fig. 2. Mais resclution of the particle identi-
fier uwsed {n the high-aititude rockst experi-
maents.

&30 MéV, independent of particle mass. This
tmplize mass resslutions of at least lil{n‘ .-
twesn lostopes. {(See Fig. 2.)

The saslyels of the iligdt data s pro-
gressing satisfacerile. The trapped-preion
enass-distrivueion bas 2 ¥ of 66 MV, slighly
grestar chan that sitained with uwnidirectional
beams in the isberatery. Teo date, we have
ohtained resalts on the eguatorial pitch-ssgle
diszrination vl the 1repped protens, thelr ean-
west asyranatries, epexivs 30 <€ E € 50 MV
{or crapped sad astragped particies, and pre-
timinary estimnales of the shundsnces of
xrapped desterons 0.5 based on 11 evemti)
and trik. .99 based & 8 evemd

This o7k i svpperind in part by tre
Kamisaa] Asrensutics and Space Adminisire-
tsn.
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RIGIDITY SPECTRA OF HEAVY IONS

Robert L. Golden (Msuned Spacecraft Center,
NASA, Houston);ard Harry H, Heckman

During October-November 1970, two
ballonn flights totaling about 1B hr flight time
were succeasfully carried aut at Parana,
Argentina, where the cosmic-ray rigidity
cut-off is 11 GV. As in the balloon experi-
ments carried out in August 1969, heavy-ion
rigidities are measured by using emulsjon
platas zxposed in & magnstic field supplied by
a 10.%G supsrconducting magnet. All emnl~
sfons from thase flights have been developed.
Analysis of thase data will begin as soon as
tha acanning of the August 1969 Aight emul -
sions i completed. At this Hime, wa ars in
the process of re-scananing the amulsions for
off{ciency chacks. From this exparimant,
we expect to have up to 700 heavy ions mea-
sured as to rigidity and charge.

MAGNETYIC BREMSSTRAHLUNG

mm (linois Institute of Technology);

A joint expariment botwean IT, SLAC,
and LBL wae undertaken to study the charac-
weristic bremastrahiung radiation emitted by
19-GaV slectrons in magagsuss magnetic
fleMa. In this experimant, the MG fislde
wpre generatsd in wolumes ~ 1 em’byupu-
Story discharge in single-tura coils. ! Useful
iifotimes of the fislds were ~ 1 pgac. The
ensrgy and angular distribetion of the brems-
strahlung are being messured by detacting the
e'e” pairs produced in nuclear amulsions by
the emitted radistion.

Ewvalustion of the emnulsion detactors used

in this experiment has just begun. Progress
made to date involves: evaluation of the signal
and background distributions of pairs in the

§ ates, and preparation of programs ta aid

in data collection and in evaluation of pair-
energies from multiple-scattering meéasure-
ments. We expect to undertake routine data
collection shortly.

1, F. Herlach, R. McBroom, T. Erbes,

J. Murray, and R. Gearhart, Experiments
with Megagauss Targets at SLAC, Bull. Am.
Phys. Soc. 16, 256 (1971).

PUBLICATIONS AND PAPERS

i. R. P. Hezke, E. V. Benton, and H. H.
Heckman, Sensitivity Enhancement of Plastic
Nuclear Track Detectors through Photo-ioniza-
tion, Radiation Effects 3, 43 {1970).

2. H. H. Hockman, But This is Where the
LightIs ! (Invitad introductory paper for
Symposium on Interrelated Probleras of
Atmospheres, Fields, and Trapped Particles
in the Innar Radiation Belt), Trans. Am.
Geophys. Union 51, 782 {1970).

3. H. H. Heckman, P. J. Lindstrom, and
G. H. Nakano, Long-Term Behivior of
Energatic Inner-Belt Protons, in Models of
the Tropped Radiation Environment, Vol. VH,
NASA SP-3024. 1971.

4. M. Sefts, M. C Wittels, M. Maurette,
R. M. Walker, and H. H. Heckman, Accel-
erator Irradistions of Minerals: Implications
For Track Formation Mechanizms and For
Studies of Lunar and Meteoritic Materiats,
Radiation Effects 5. 143 (1970).
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MATHEMATICS AND COMPUTING

James A. Baker in charge

The Mathematics and Computing Group
provides advanced camputing services to the
Laboratory’s resesrch and support groups.
Thess sarvices includs installing and oper-
ating the Laboratory's cantral computing facil-
ity, which conaists of a new CDC-7600/6213
computer complex, two multiprogrammed
CDC-6600's, 1aweral smaller JBM computars,
snd ssaociated peripheral equipment snd in-
strumentation. Large dats files are main-
taimd {n machine-readable form. The Sys-
temas Programming staff devalops, maintains,
sad modifiss the softwars for thess computers,
while the Application Programming staff pro-
viden prograrmniag support ts the masy Lab-
oratory physicists snd sther resesarchers who
use computers fer data collsction and analysis.
The Gryup sllers conmulistion serviess in
mathemstics, statistics, aad programmiag;
and also carries en & medest pregram of re-
ssureh in mathematice and computar sslence.
Iocragsingly, these services are bolag pro-
vided to scientific grougs eutsids the Labera-
tary.

APPLICATIONS PROGRAMMING

A majer sfiart was initiated to convert ex-
isting spplications programs asd Ubrary tew-
tinty to rus on the 7600 computer. In addition,
applications pregramming gersonntl provided
programming support for most of the resesarch
greups at the Loboratory,

Rhrsice
Herhert C. Albrecit, Domd Ausiin, Emmatt

Buras, Victor Elischer, Fred C. Gay, Art
Habegger, Edns Williams

Physics Group R s currently conducting
two experiments st the {#M-lu. cyclotren: a
spark-chamber axperimsat located in the West
Counting Area to study radiative pioa capture,
and an exparimant in the Esst Countiog Arca
to study pesitive nwon depolsrization. Noth
are costrolled by an 8K memery PDP-15 com-
putsr,

The spark chambar axperiment has been
operasing en & part-time baste for the last
nine nonths. Duriag this peried the anper-
imentars discovered seow preblams is the
large wire chambers. Thess have recesatly
Sesn rebuilt, and the sxpsrimest iv now run-
ning on a regular basis, for at least the 2
year.

The muen experimest was tied into the
PDP-13 shout four moaths age, and has been
taking data for appreximately twe monthe.
Becsuse this snperiment requires a large fav:
dats base for its main histegram asd becanse
it io desirahls to meaitor this kistegram dur-
ing the course of the run, the experiment pre-
vided the impetus for an expancion of & PROP-
£5 to a memory of 18K, The data-acmuisition
programs for this sxpatiment have already
been medified to eperate in {6K. We also med-
iNied all the Physics Operating Systems Pra-
grama since tny ars requirsd to suppert the
Mucn program. We still have to medify the
Ploa program and expand its menitorisg caps-
bilitice to utilize the exira core.

The YVARMIT -based data-fitting routines
uaed by Physices Group R were moiifind to give
mere reasessbie and relizble resalits. Also,
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sutocarrelation and Fourier transform routines
were developed for analysis of the Group's
dats. These are now in regular use since they
pruved very successful in obtaining an accurate
analysis of the data content. Both programs
have been converted to run on the 7600 system.

Programming support was provided through-
out the year on ACQUIREtodothe data acquisi-
tion for the 3He 4+ ¢ time-reversal experiment.
Specific processes in the data acquisition were
identified and separated into subroutines in
preparation for s general data-acquisition sys-
tem for wire chamber particle-physics exper-
iments. Finsl track-finding procedures were
programmed and incorporated into the data-
summary program. A grocedure for measur-
ing chamber-wand efficiencies was developed
and put into the program.

The SPARKY data-acquisition program for
wire-chamber experiments {s nearly finishad.
Only a few programming touches ané a raam-
moth documantation effort ramains.

For the 3° form-factor axperiment, we
have provided occasional data-analysis pro-
gramming ald, in particular, in the generation
of the thrae-dimensional magaetic fleld.

Other physica-oriuntad projects have in-
clnded: development of a data processing and
analysis aystem for the SPEAR project at
SLAC; development of a new bubble-chamber
event-sorting program: additions and medifica-
tions to COBWEB, a camputer-controlled data-
acquisition system; and modifications to exist-
ing production codes to accommodate new ex--
perimants.

Accelerator and Magnet Design

Vietor Brady., Bruce Burkhkart, Thomas

Claments, Elan Close, John Colonias, Robert

s!l::hly;tArduh Kennay, Artimr C. Paul, Steven
@

Mathematical models faacribing compo-
nants of the Electron Ring Accelerator have

been constructed. With these models the dy-
pamics of compressors were studied, includ-
ing the effects of eddy currents; and the results
obtained were used in developing a new design
incorporating reststive coils and simpler
switching circuits. A program BUNCH was
created to investigate the impedance of an
azimuthally bunched beam in & cylindrically
symmetric structure.

For the Bevalac project, the Bevatron in-
jection process was simulated by computer pro-
grams. Tha caleulstions were verified by
comparison with measurements on the axiet-
ing 19.3-MaV linear injector. The perfor-
mance and optimumn parameters of the pew 50-
MaV i{njector 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 agrec reason-
ably well with observations.

Computer studies showed that second-
order aberraticns affected the pion contam-
ination of the K~ beam at the Bevatron, and
1ed to improvements in the K/x ratio of the
beam.

Programs wers contrived to optimize the
phass-space transmission of the focussing
magnet in the source for the Baseball It CTR
experiment at the Livermare Laboratory.

The three-dimensional magoet deaign
code is no™ st the stage where simplo geomet-
ric configuratians can be handlsd. Work con-
tinues to speed convergence and to allow more
complicated geometry.

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

And finally, in tbe field of environmental
studies. we have developed the program OZONE
to study the effect on atmospheric ozone of vary-
ing such parameters as nitrogen oxide preoduc-
fion rate, solar angle, temperature, reaction



rates, etc. This work grew out of the widely
publicized prediction of Harold Johaston of
IMRD that supersonic transport traffic 1d
Gduplete the atmosphere of ozone.

lnclesr Chemistry

Billie Bearder, Noel Brown, Emmett Burns,
A, L. Clinnick, Peany Fink, Ruth Hinkins,
Ge-ald Litton, Tom Strong

Development of computer-based control
and dats-acquisition systems for the Superhilac
was started this year. The PDP-7 pulse-
height analysis system was impr.ved and is
now cspable of collecting dria from up to
128000 channels. Work started on a PDP-13
data-collection system.

Modifications were made to the small
camputer system at the Fi¢ld Frea Laborat.ry.
The systam now permits preliminary ap.iysis
of the data before final processing on tiva 7600.

We have completed veraion 1.0 of e
CHEM-SCROLL text input and editing ayatem,
which will be used in preparing a new edition
of the Tahle of lsotopes.

Fo: the fission group, we have writter a
program that will sort californium-252 fission
tragments. The unstabls fragmant mucls! are
identified from gamma-ray energy peak’;.

In analytical chemistry, digitiasd ;jormal-.
izatian of controlled-potential coulonvitric
titrations are being done with a 6400 program.
A set of routines is being developad to analyze
spectra obtained from acule stripping measure-
ments. With the atd of it2se routines, im-
purity concentrations on the orde> of ¢ fow
parts per billion will be recognizabh .

Werk an thearetical models of thy nucleus
snd nuclear structure continues. An irtarac-
tive VISTA and teletype prezram was develaped
ta fit nuclesr masscs to a Droplet Mode| for-
mula. Aftar nonlincar least-squares fit to the
nuclear masses is made, experimentsl and

computed values of nuclear radii and fission
barriers can be examined. The stability of
nuclei agrinst fisnion 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 diagonalize the matrices, simultaneously
handling thase parturbations to the central
field approximation.

The determination of optical model param-
aters, uezd i deseribe the mclear olastic
scattaring process, has baen aided by the da-
velopmant of an on-line VISTA program. This
program allows the visual display of angular
distributions calculatad using parameter valuss
chosen by the researcher.

A study of the {4.p) veaction on vibrational
nuclei waa completed. This way accomplished
by the solution of two sets of couplad differen~
tial equations which describs the muclear states
obtained in the scattering process. Tha final
program SCATER was used to study saveral
systems. The scattering of heavy uclei was
studied using a modificd varsion of SCATER.
Cross sections for various states were caleu-
iated apd otodied.

Blology and Medicine

Robert Belshe, Victor Eltacher, Robert L.
Fink, Fred C. Gey, Willlam an, Harvard
Holmes, Mark W. Horovitz, Martin §. Itkowits,
Clsudette Lederer, Marjory Simmons, Keaneth
G. Wiky

Wark was completad this year on five dit-
fercnt data-acquisition systema:
(1) A PDP-8 with Data Disc for NMR spec-
troscopy at the Labaratory of Chemical Bio-
dynamics.
{2} A PDP-12 aystem {or blood flow studies at
Donner Laboratory.



(3) Program PHA, running on a PDP-8/1. for
cell volume measurements at Donner Labora-
tory.

(4) A data collsction, computation, storage.
and retrieval program for Donner Laboratory.
This program runs on a FDP-8/L with the
AXO08 option. The data are taken from an EPR
spectrometer and displayed in real time. The
opsrator can manipulats the spectra in many
ways: scaling, subtracting out backgrounds,
and integrating. These spectra are stored and
retrieved on magnetic tape cassettes.

(3) A program designed to analyze particle
telzscope events. Running on a PDP-8 at the
Bevatran, the program doas a least-squarss
fit of the data to x theorstical event. The pri-
m'ary purpcse of the program is to identify iso-
topes sntering the particle telescope. Itlis
usad during systern chachout to verily that the
equipment is working correctly.

Developmant continued on programs for
ISAH. a compatar-conirolled patient chalr for
use in radiation therapy.

Improvements were made to MIMIC, a pro-
gram that simulates an analog computer.

Program RATS was written to trace, using
compartmental analysis. radicactive tracer
progression and decay in rat vital orgsns. A
stady program TEETH) was made modsling the
retantion of radicactive tracer in rat teeth.

A sot of programs for processing digitized
images was completad. TBSYS, a set of 6600
programs, performs sequences of transforma-
tions upon given (2" x 2™ arrays Z of com-
plex numbers ropresesting two-dimensioasl
digitizcd images gsnerated by some device such
as a seintillation camers. wholo-body scanser,
EEG rocorder, x-ray detector, or electron
ml::-%::s-?&- Craphic displaye of the surface
Z-Z are availabic at any point in the sequence
of transformations. The central transforma-
tion atilizes the teo-dimensional Fast Fourisr
Transform E2 BXY TDFFT, which also deter-

mines the file configuration for Z. Related
transformations are () variable anmular mask
to effect low-or high-pass filtering, (2) 90°
phase rotation, (3) phase modulation transfer
fanction appliad in the Irequency domain, and
{4) conversion to intensity. Thres types of
displsy of the surface Z-Z* ars available on
35 mm film or Calcomp plot: perspective pro-
jactions, contour maps, or cross-sactionsal
views (profilss).

In ordez to idamify the radis{sotopos pres-
ant in materiale in & mumber of experimental
sitcations, analyses are made of fairly com-
plax gamma-ryy spectra produced in a high-
rasolution germanium gamma-ray spsetrora-
ater.

The isotope identification program GOLUX
is designed to automats the look-up procedurss
involved in verifying the existence of a partic-
ular radioisotope from these gamma-ray spec-
tra, which may contain 50 to 200 anergy peaks
each. Al presesk, GOLUX contuins programs
to compils and random-access a library of
known radicisotopese, their half lives. thair
gamma rays, aml some other properties: it can
make and updats a "quick-look-up™ table of
gamma rays, cross referenced to isctops and
half life. It also contains a retrieval subrou-
tina for gummas of a given emrgy.

Thass isotope idestification problems turn
up in connaction with:

(1) looking for trace slernants in air-pollution
studies;

(2) analyzing matarials that have been bom-
barded by high-cnergy particlss in ab acceler-
stor, either accidentally or on purpase;

{3) analyzing unaxplained activity in and
around aceslarators;

{4) disgnosing the type of exposure in human
radiation accidents:

{5) examining hiologzical materials--blood and
tissuc-~to determine normal and abnormal con-
centrations of traco slements in order to use



this information as a future diagnostic tool.

ACQUIRE, c data-scquisition systam at the
Laboratory of Chemical Bivdynamics, utilizes
s Sigma-2 and & PDP-8/L computer. During
the past year, all equipment became operational
except the actual interfaces to experimental de-
vicas, which are now being built. Remote use
of talatypes and displays became availabls, as
well as numerous FORTRAN and BASIC appli-
cations programs. The CUC-6600 program
FELSPAR, used for fitting photoslectron spuc-
tra, was improved and rawritten undar the
name GAMET. A BASIC langeage compiler
was written and complated, and x tape library
systam was developed. An ACQUIRE user's
mannal was gmblished.

Gensral and nEer

Donald Austin, M. L. Clinnick, Harvard
Holmss, Mark W. Horovits. David W. Jenson,
James G. Millsy, Leo Vardas

An extended version of the BLIMP language
compilar has been completed for tha 6600/7600
system. This code is being used to implament
some Management Information Systems designs.

A program PCBOARD was written for com-
puter-aided dasign and layout of printed cireuit
boards. This VISTA console program can pro-
duce microfilm cutput suitable for direct mask-
ing of prototype hoards.

A genersl purposs graphical input model-
ing program PICASSO was starizd. It enables
a user to construct and define symbols at a
VISTA consola. Structures containing these
symbols can then be specified and converted
into a form suitable for input to analysis pro-
grams. For example, logic circuit diagrams
could be deaigned at the console, and the be-
havior of the specified circuit could be imme-
diately snalyzed using the MIMIC simulation
program.

The Cegniard method of sound-wave anal-

ysis was studied, programmed, and debugged
{CDC-65600 FORTRAN program CAGN). Appli-
cations include seismic-wave studies and ultra-
sonic testing problemas.

A device handler on the PDP-9 and a code
on the CDC-6600 were written and debogged to
allow file transfers between the machines via
the Dats Link.

The Remote Computer Access System
(RCAS) for connscting remote computers into
the 6600 complex was defined, written, and
dsbugged.

CRYSTAL, a computer model for the sta.
tistical treatment of dislocation motion
through a crystalline structure containing ran-
domly distributed chataclas was daveloped.
The program is being used to generate data
for the statistical model of dislocation motion
daveloped by Professor John Dora and Dale
Klain of IMRD. A ten-mingte computer-
generated mavie was mads demonstrating the
model. The movie was presentad with a re-
view paper at this year's Symposium on Statis-
tical and Probabilistic Problems in Metallurgy
in Seattle. .

A data-collection program was desigoed
and partizlly implemented for infrared spec-
troscopy for Paul Richards of IMRD. Running
on a PDP-11 the program samples data from
a Michelson interferometer and stores it.

The program also computes 3 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 utilizing 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
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outrigkt or via roll-outto the disk): an auto-
matic field-length assignment for system util-
ity job-steps; snd an sutom.atic system for
paging tapes out of the tape library.

A new, less quixoetic, accounting algo-
rithrn was introduced, based upon CPU time,
monitor requests, and instantaneous field-
length. The new algorithm is relatively inde.
pendent of system loading, whereas the for-
mer algorithm, which used PPU time to mea-
sure 1/0O activity, was extremely sensitive to
1/0 conflicts.

The System was also modified to run on
computers having different memory sizes and
efthar 10 or 2G PPU's; this will allow the
samsz BKY system to run on the 6245 front-end
computer as well ason the 6600's.

A dmamic buffering scheme to provide
more etlcient utilization of rotating mass-
storage deavices was designed and shouid be
ready for installation in the first quarter of
FY 1972.

7600‘62!5 System

The 7600/6215 computer complex was de-
livered and accepted during the fourth quarter
of FY 1974. The 7600 initiaily used CDC's
standard SCOPE {.{ System, while the 6215
was accepted using the BKY system originally
developead for the 6600's.

Interactive Systems

RECC (the new teletype interface) was in-
stalled and connected to both 6600's; in the
fourth quarter of FY 1974, it was upgraded to
a PDP-8/E with a 28K memory (instead of a
PDP-8/L with an 8K memory). BRF was mod-
ified to accept RECC teletypes as well as tcle-
types connected through the 6444. 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 Systems stal . a memoer of the
University of California Space Sciences Lab-
oratory.

Remote Bstch

A survey of prospective remote batch
users revealed a much greater interest 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 commercial remote batch system was
sought. A COPE system was selected and
installated on both the 6600A and the 6215 in
the fourth quarter of FY 1971,

COM (Computer Output to Microfilm)

A Stromberg-Datagraphix Computer Cut-
put to Microfilm Syatem with graphic capabil-
ities was delivered in the fourth quarter of FY
1971; it is expected that it will be the principal
output device for the 7600.

COMPUTER OPERATIONS

Design and construction work for the instal-
lation of the CDC-7600 was completed in the
fourth quarter of FY 1971. Also, the Input/
OCutput and Noisy Ready Rooms were redone to
allow room for customer card readers and
printers. A small addition to Building S0B
was designed and constructed in order to house
electrical equipment to provide power to the
7600 computer. The computer was delivered
and installed during the fourth quarter, with
power-on accomplished in April.

An automated tape-paging system for the
6600 system was implemented, resulting in
faster, more accurate customer service with
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reduced operations manpower.

A scheme for producing detailed error data
from magnetic tape input/output software al-
lowed greatly improved diagnosis and repair of
hardware malfunctions in tape drives and con-
trollers.

A program for upgrading the magnetic tape
density to 3200 FCI was commenced with the
installation of 2 CDC-686 Tape Certifier.

USER SERVICES GROUP

Due to the increased use of computer facil-
ities by offsite personnel, it became desirable
to centralizc . nr user services. Therefore, in
the first quarter of FY 4974, 2 User Services
Group was established to coordinate consulta-
tion, training, documentation, and the Mathe-
matics and Computing Library. In addition, to
centralization of these services, the function
of the User Services Group is to act as the in-
terface between the Mathematics and Computing
Group and the computer user.

The consultation service has been extended
to provide programming assistance during
evening hours and on Saturday- Expansion of
the training program inciudes offsite demonstra-
tions of the use of our remotz computing facil-
ities. Chax;. current documentation of sys-
ternes and library routines--provided by the
addition of a technical writer--has aided the
user immensely.

MATHEMATICS AND COMPUTING RESEARCH

Donald Austin, James Baker, Paul Concus,
David Jenson. Loren Meissner, Grove Nouney,
Leo Vardas, Jonathan Young

Our research in applied mathematics is
directed toward the development of ical
techniques for the solution of partial and ordi-
nary differential equations and toward the ato~
mation of certain areas of numerical analysis.

Research in computer science is in the areas
of symbol manipalation, development of sched-
uling algorithms for multiprogram computex
systems, and the development of optimal man-
machine interfaces.

Partizl Differrntial Equations
Inveatigation of the partial differential

equation describing the equilibrium free sur-
face of a liquid partially filling a cylindrical
confainer was contimed with emphasis on comr-
pleting the establishment of general sxistence
criteria. Means for obtaining the sumerical

tution of the equation were investigated.

Ordinary Differential Equations

The tools developed in prior years (an-
alytic generator of Runge-Kuita methods and
generalized integrator) were used in the inves-
tigation af a number of specific examples of
generalized integration schemes, inelﬂ;q
varicus step-size adjustment strategies and
starting procedures.

Technical Text Editing

Output facilities were improved, inclufing
installation of an Alden facsimile racorder
connecied to the arrall compuater that ¢ wiraols
the technical text entry station. A file can be
printed by means of this device ax acom as it
has Leen generated, xtide vate of 1400 charac-
ters pei second. This provides imenedisle
hard-copy output for proofresding parposes.

An extended character sat hassd oma
9212 dot matrix was developed for wee om the
facsimile recorder as well as om the 6600
VISTA-~CRT microfiln ouipmt aysiem. Thiz
set corlains about 240 characters, inclnliag
upper and lower cace Greek and Rovrsan alphe-
bets, two styles of menher, lLingeistic accests,
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ant ecany malksratical syeinis. Alwn 49 of
these charactiers arve 9 ke X gastaniyréiessd,
asd & reasindlly aaple Fraaes (B pravited
wheyeiy apy wder can redefine any of 2 of
chiese 58 haracie7 1% rait M0 pariienlyr seeds.

A Bewreriengsd adiding aligoritey: was -
plesriard a3 4% aRerRstive W priviens chare
stereativatet and Puph-SrivsErt ayares.
The aber cas seleat whiriever aor of Hnoe
#sin oerdy.

A symem lor scienatic asmrisy of grogras:
segeaals from dish was Foplens sl on the
comgter thed sosirsls the t+u oditer. Tiis
PEIITAD ke nsinn v Prograr:: s Cage spssr.
alick ic seceisary tor acnzparmiing the com-
plrx cditing Sogic reguired Svr esiry of Ismtope
Talie data,

Sislegizsl Anpliceiions

1w pbigilies was comtiswd ol the consic-
Sigs detuwrs She icresand siak of Seakemis
foliowing gregaiacy to sl age sod the Wagpen
ingressnd vidh of Soalismis i the josue of sach
prrgasacy. A dpmasic sivtinmalics] svede) for
eouirol of prytidersiion and velsnss of Novi
a3 sad Warir procurssirs wps deviped. The
sumbel iucindes sge -dege nisat prosseses sad
i seidabls Sor siesylating of stress «a the
ieshoyoictic swb anaapaitic seriss.

Eeiporiegy

9 Boe ivoglewastatios of e Csgoinss
sox it for Se cxiowisitisn of ssiswiy wyuzrs
PrESHIIing 1o waviez) srciin, o SEavissd
SOy ESE w35 Ay which Dzrempaiazs cio-
SEariey 4o e srlbotion pof s28: 080 oo

Eney sice

Costimpslion of previsss work with W.
Rariss on Regge-pole fir 0 high-cnrrgy pp
asd pp dsta resuiicd in o pager predicting the
olopr of the pp differamisl cross cection ot
o 8 Iaarstery seosnemumn of 2009 GeV/c.
Subssgus 2 mrasurement of this siope parasy-
%7 st the CERX 19K yredvced Sats in excel-
fo st agreamen with ous gredictions.

Arsificip) bue Nige nce

1s aslishoration witk Duve Sensen. the
PUP &1 wse rigpid 1o callect vwics dats (rem
s telephons secniver laput. A “lagraing ma-
chine™ wap writhin 6 recogsise ths wice pat-
@ros. The initiel afferi wav o Wrary gatlers
recogaition prograe: which distiaguished be-
s e spul werds widh 5 955 eucexss cale,
sfier raducing the input from Gh0D samples to
ahow 50.

PUBLICATIONS AND PAPERS

8. Seneld M. Sustin snd Wiiism Rerits.
Shope of the Ferwsrd Pask in pp Scostsring
sl the Reggs Pais Meds), Lowrence Berksisy
Laborsiery Report LBL-16, Joly 1974.

2 £ Cises, An Emtonisd Set of FCRTRAN
Saput/Outpus Rovtinee, Lawrencs Radistion
Labwrstery Reporst OCRL-19663. Fab. 1974,
3. Féwm C. Colonies, Craghic Disyisy intar-
action 53 Nerieas Fhysice Swamary), Trene.
Awe. Nuci. Soc. 53 23, £36 Oevw, 47I0).

4. F. Concus and K. Fiaw, On 2 Cisss of
Cagillasy Sorfscns, 5. D'Ansiyse
Sathomatique 23, &5 HY79).

%, P. Concns, On the Lings Tilm Remsining
in » Graisang Circalar Cylbadricsl Vasse), 3,
Foys, Chem. 38, 1918 YN,



=107~

6 M. 5 kzhowiiz and K. G. Wilsy,
ACQUIRE User's Manual, Lawrence Berkeley
Laboratory Report UCID-3475, July 1974.

7. Dals Kishn, Dos Austin, Amiya K.
Mukherjes, John E. Dorn, knportance ol
Gaametric Stetistico to Dislocation Motion,
Lawrence Berkeley Loboratory Report
LBL-130, July i974.

& C. Osborme. A Review of the Major Prob-
lems Eacouniared During Ten Yesrs of Opera-
ting a Largs Scisntific Computiag System,
Lawrencs Radistion Laboratory Report
UCRL-19842, June 1970,

9% A. Pssl snd 1. Gruader, Eflact of Vertical
Lane st Redisl Regencration Mode in Bes!-vley
184 -Inch Syachrocyclatyon, Lawresce Radistion
Labsratery Report UCRL-20049, Aug. 1970.

40. Samwsl J. Pesny, Robert L. Fink and
Margerst Alston-Gersjost, Design of s Very
Largs Msss Stovage System, Lawrence
Radiation Laborstory Report UCRL-19757,
Ape.1970, for Fell Joint Computer Conferencs,
Howston, Nov. 1970,

44. J. Rouiti and A. Sselsss, Parition of
Sambers and Apglication to Highar Derivativcs
of Compesite Functions, Lawrance Radistion
Laborstory Report OCRL~20245, Sept. 1970.

12. David ¥. Stevens, The User/Manufacturer
Interface., Computers and Automation, p. 25,
Sept. 1970.

13. J. D. Young, Function snd First Derivative
Fitting by Modifled Cobic Spine, Logistics
Rev. 6 [27), 33 (1970).
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to be published in Logistics Rev.
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DATA HANDLING

Howard S. White in charge

The Data-Handling Group is involved in
designing specialired systems for scanning,
measuring, and analyzing experimental data
from bubble chambers used in high-energy
particle-physics applications; in improving
the effecti of puter programming in
areas related to high-volume precision analy-
sis systems; and in operating data systems
in support of experimental physics research.

DAPR: AUTOMATIC SCANNING AND MEA-
SURING OF BUBBLE CHAMBER EVENTS

Barbara Britton, Joan Franz, Wen-Sue Gee,
Dennis Hall, Howard White

During this year, the Digital Antomatic
Pattern Recognition (DAPR) system was first
used fo measure a substantial volume of data.
This system uses the same IBM-7094 If com~
puter and Flying Spot Digitizer (FSD) as the
HAZE system which it will gradually replece.
DAPR, unlike HAZE, is able without manual
asaistance to perform the eatire scanning,
measuring, and analysis of bubble-chamber
events. The DAPR process forms on mag-
netic tape a digitial abstraction of information
contained in bubble~chamber film, from which
a digital computer program ' scans" and edits
m ts for subsequent analysis., Al-
though DAPR operates without manual assist-
ance, prescanning to give frame selection of
those bubble-chamber pictures containing
eventa is economically advantageous when the
ratio of frames to events exceeds three; this
frame preselection has been used on film mea-
surad this year. More than 338 000 events

have been measured in the DAPR mode during
the year.

A second FSD unit is being fabricated to
form a Tandem FSD system, which will nearly
double the present measurement capacity, now
that DAPR has removed the " bottleneck! of
manual road guidance.

In preparation for an experiment in the
SLAC B2-in. chamber for the Trilling-Gold-
haber Group, a pletely new procedure for
resolving conflicting hypotheses ia being de-
veloped ig the vertex finding-track matching
program. This pracedure is expected to raise
the throughput of the DAPR system to above
90% , and ehould be operational within the first
half of FY 1972.

With the goal of totally unassisted analysis
of bubble-chamber data now firmly established,
it seems but a small step to explore two new
areas: (1) Streamer chamber pictures
have already been digitized by the FSD. Adapta-
tion of the software appears straightforward.
Thus, the same speed and precision of mea-
surement previously available only to bubble-
chamber experimenters could easily be made
available to streamer-chamber experimenters
as well. (2) Somewhat recore difficult, but also
feasible, is the automatic processing of film
from large bubble chambers of the 14-ft class.
The ability of the FSD to digitize such pictures
has heen established. Modification to the track-
following and track-linking software to ac-
comodate these pictures seems siraightforward.
Success in this area will open up a new vista in
large statistice analysis of complex event
types.
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HAZE;: SEMIAUTOMATIC MEASUREMENT

Wan-Sse Gee, Jamaes Greaone; Carol Osborne.
Priscilla David

Tha HAZE medsurement dystam contineed
o be used for esparimae::s begun kefore DAPR
became oparational. First used for physice
massaremants Ia FY 1964, HAZE utliises a
large digitial cornputer, operiting the FSD
and veisted compulsr programs, 1o zulomat-
lcally measurs {ilm (s which maseal scanning
has previously identifled trscks and svems of
interast, Mora than Z 300 000 evaste have
bean analysed by this system, inciuding
about 200000 this year. System improve-
mants were limited to the many small adjust.
meants requirad to maintain processing of con-
tinuing physice axperimants.

FCF: CGEOMETRY, KINEMATICS, DISPLAY

Michas) Block, Shirley Buckman, Vivian
Morgan, Loren Shels

The 00, CLOUDY, aad FAIR systam,
which provides the analysils of bubble-chamber
evants, continusd routine prodaction operas-
tions. The major portion of FCF efiort was
axpsndsd on generating new experimant-dy~
pendeut constants and naw svesnt fypos.

New optical constants and & new mag-
natic-field subroutine were diveloped for the
SLAC 40-1n. chamber. Preparstion for the
new 35-mm, 82-in. chamber film will bogin
1o early summer.

A low-priority elfort to improve the proc-
esging rate of tha gecmatry program was un-
dartaken. This program now consumocs nearly
half of the event analysis time, but significant
spsedup appears poscible. An improvemaent
in this area will hava s ms,or sffsct on the
cost of analyzing eventa.

Work on obtaining claan sssemblies of all
FCF programs concluded with tho schievement

of thase geals during July 1971.

TRIST: SYSTEMS MCHITOR
Priscilla Davis, Carc! Osharne

Maest of the effort en the TRIST system
maenitor was enpended in making ths many
small changes required to sroveth out opera-
tioas during tha simultanetus operaticon of al)
three pregram prierity levels. Considerable
anperiance was gained bacause of the con-
tinuing eparation of DAPR.

The need lor mare core storage to impla-
mant naedad imprevemants has baer = serious
preblem fov the system monitor. A Hew
assambly was writtan and partlally debugged
which will free a considarable portion of the
tore within the systam arcas, by atoring rels-
tively inactive subroutines on the disk and re-
calilng tham only whan they ars nasded.

Duas to an elusiva elsctronics (silure, tha A-
lavol pregram (HAZE ar DAPR) occanlonally
loat ccatact with the FSD. This condition wse
olter not detected by the opsrating personnsl
for many minules. As a result, a significant
drop in the measuring rato was obsarved. The
e;isting systam monitor was modified to walch
for this condition. I nc information was trans-
ferved froem ths ¥F3D for more than 3 seconds,
the Ac-level program was sutomatically re-
entered. This produced the desirad result of
bringing the measuramcnt rate back to its
nominal valus eve.. . the precence o & vary
low-frequancy, hi*dware malfunctios.

Work on the time-accounting program was
completed. This program summarizes, on a
daily basis, the distribution of jobs, the
smount of lost time, and the efficiancy of com-
putar opsrations. With It, supervisory par-
sonnal can be more elfective in monitoring
performance as well as in planning the next
day's work load.
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DATA-PROCESSING OPERATIONS

‘The following tablc summarises the procesaiag of svents maasured on the COBWED, HAZE,
and DAPR systems. An cvent is the entire cellection of rolated vertices maasured in a bubbls«
chamber plcture. New maasuremants of tha eame asvant are counted separataly, but the affect of
any computsr reprocesaing has been climinzted from the totale.

EVENT MEASUREMENTS ANALYZED

FY 1971)

COBWEB SYSTEM Number of

Expsrimant Chamber Beam Qroup ayents
42 7g" HBC-LBL 1.3-1.6 G¥/c v* Powell-Birge 148
1) 72" HBC-LBL 1.3-1.6 GW/c »* Powsll-Birge 212
a“ 72" HBC-LBL 1.3-1.6 G¥/c v* Powsll-Birge 134
4s 25" HBC-LBL 1.53-1.84 GW/c 5'p  Powall-Birge 457
' 25" HBC-LBL 1.53-1.84 G&/c v'p Powsll-Birge 1657
50 25" HBC-LBL 1.53-4.84 GW/c x'p Poweli-Birge 1418
51 25" HBC.LBL 1.16-1.57 G¥V/c K° Powell-Birge 8122
52 25" HBC-LBL 1.46-1.57 GV/c K°  Powsll-Birge 3610
85 25" HBGC-LBL 1.16-1,57GN/c K° Powell-Birge 8o
66 82" DBC-SLAC $ GWV/cy Powsll-Birge 148

" - ® »

67 40" HBC-SLAC 14 GV /e ; :m coBw gg'l.l:‘u‘u‘:n.;u to 3353

HAZE SYSTEM Number of

Esneriment Chamber Beam Group events

01 82" DBC-SLAC 12,0 GV /c " U.C. Riverside 59527
45 25" HBC-LBL 1.53-1.M GW/c v'p Powsll-Birge 2521
53 25" HBEC-LBL 1.16-1,57 Gi¢/c v'p  Powell-Birge 7509
57 25" HBC-LBL 1.56 Gv/c v'p Powell-Birge 16224
n 72" DBC-LBL 6.0 G¥/c p Segro-Chamberlain 107
T2 80" DBC-BNL 8.0 G?/cp Segre-Chamberlain 1160
95 82" DBC-SLAC 12.0 Gov/c k* Trilling-Goldhsber 104808
Total HAZE Measurements 91854

DAPR SYSTEM Number of
rirnent Chamber Beam Group events
58 25" HBC.LBL 29 Gev/ex'p Powell-Birge 82860
59 25" HBC-LBL 2.3 Gevic x'p Powell-Birge 62345
60 25" HBC=LBL 2.1 GoV/e =t Powell-Birge 32214
61 25" HBC-LBL 1.28 GeV/c w'p Powell-Birge 21726
62 25" HBC-LBL 1.28 GeV/c n+p Powell-Birge 2127y
63 25" HBC-LBL 1.81 Gev/c v'p Powell-Birge 65182
64 25" HBC-LBL 1.18 GeV/c 1!+p Powell-Birge 51 881

Total DAPR Mezsurements 0

— Tota! Events Analysed 557264
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F5D MONITOR
Loren Shals

The problem of observing stage stability
during acceleration and deceleration was dif-
ficult in the past, due to an interlock system
which inhibited digitising during those critical
phases. Hardware changes were installed
which allow the program to override this in-
terlock and thus to sampls stage-speed for the
entire swaap. A display of the stage velocity
as & function of stage position is now run on a
daily basis as & check of the servo system.
This has allowed carly detaction of servo mal-
function, with the result that repair costs were
kopt to & minimum. The problem of checking
for drift {n the fixed stage war also studied,
but & complutely satisfactory solution has not
yot been found,

QUARKS
Shirley Buckman

Processing of Quark data continued
stoadily. By tha end of June 1971, 34150
cloud chamnber tracks had been processed.
Because the chamber optics are not stable for
poriods longer than a foew hours, each batch
of data must have its optical constants verified
bsfore processing can occur. Procedures to

sccomplish 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 expariment, which {» scheduled
for completion in July 1974,
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ACCELERATOR STUDY GROUP

Edward ]. Lofgren in charge

ELECTRON RING ACCELERATOR

Further research into the new method of
accelerating protons and other positive ions
by means of electron rings is being actively
pursued by the Advanced Development Group.
The principle of the electron-ring accelzrator
{ERA) involves the use of a dense ring of rel-
ativistic electrons that forms a stable vehicle
for the acceleration of protons or ions im-
bedded in the ring. Because of their small
mass, the electrons accelerate rapidly in an
externally applied field, and the heavier but
less numerous iona are carried along with
identical acceleration but much greater en~
ergy gain because aof their heavier mass. 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 showr that relatively
intense electron rings can be formed and
loaded with ions; but they have shown also
that the intensity can be limited by a variety
of beam instabilities. The injector facility in
Berkeley was developed for the purpose of in-
ventigating experimentally the problems of
ring dynamics and ion acceleration. The
present experiment (Compressor 4) is aimed
principally at heam-instability problems, and
the one being prepared {Compressor 5) is de-
gigned for demonstrating ion acceleration.

Injectar Facility

The new injector began operating at the

2.0-MeV level during the first part of FY 1974
as an electron socurce for the Compressor-4
beam instability experiments. This use was
so fruitful that the extension of the injector to
the designed 4-MeV operating level was de-
layed until the last part of the fiscal year.
This electron accelerator haa several
novel features, is relatively inexpensive, and
haa been quite succeaaful. It consints of a
s ries of ferrite-loaded induction cavities
driven by AD-nsec pulses irom Blumlein pulse-
forming linea. Each cavity ccutributes up to
0.25 MeV enargy to the beam, Five of theae
cavities are tightly coupled to form a 1.25-
MeV electron gun. A gimple, high-current,
jitter-free field-emission cathode in the form
of a apiral-wound tantalum ribbor has been
develaped. The design also allows the ase of
a thermionic cathode if it is needed.

Compressor~-4 Experiment

The Compressor-4 experiment haz al-
lowed a detailed look at many electron-ring
instability probleme. There are two general
classes of instabilities--'' single-particlc™
ity) betatron r and collec-
tive (high-intensity) phenomena.

The single-particle resanances, aithough
troublesome, have been understood and suc-
cessfully overcome by means of time-de-
perdent tailoring of the magaetic field shape
and by minimizing the magnetic perturbations
and nonlinearitiea that can drive the resc-
nances.

{low~int:

Among collective instabilitiea, we were
first limit=d by the lowest mode of the cohevent
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radial instability, in which the beam precesses
r is the
radial betatron tune and f, the revolution fre-
The intensity threshold of this in-

at the frequency (i-vr)fo, where v

quency.
stability was successfully raised to the point
where it is no longer limiting, both by in-
creasing the effectiveness of Landau damping
and by reducing the components of the electro-
magnetic fields that drive this instability,

A longitudinal ccllective (so-called '"nega-
tive mass'' ) ingtability is at present limiting
the intensity and compactness of the com-
pressed electron rings at a level of about 1
to 2 XiDiz (total number of electrons per
ring). Rings having up to 6x10%2 electrons
have been formed and compressed, but with
unsatisfactorily large dimensions due tc radijal
growth caused by the negative-mass effect.
The conditions under which this instability
occurs, ite evolution, and its possible sup-
pression 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
electron rings and studying problems in ring
stability and limits in accelerating rates is
being prepared. The apparatus {called Com-
pressor 5) will be similar to Compressor 3.
Although the main features of the design are
fixed, and the apparatus is under comstruction,
some details will undoubtedly be altered by the
results of Compressor 4.

Once ion acceleration has been accom-
plished, there is a wide variety in experiments
to be performed with this apparatus to deter-
mine the limits of stability of ion-loaded rings
under conditions of extraction and magnetic
acceleration. The eifects of different ion

masses and charges, different numbers of

ions, diffcrent methods of focussing, differ-
ent rates of acceleration, and many other
parameters need investigation so as to deter-
mine design information pertinent to future
accelerators.

SUPERCONDUCTIVITY PROGRAM

QOur superconductivity program has re-
sulted in a number of successful magnet sys-
tems as well as in rapid advances in funda-
mental studies. 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 limit with a low cyclic loss as pre-
dicted from theory for the 7p diameter NbTi
filamentary conductor. The central dipole
field in 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 pulaed dipoles did not reach their mater-
ial short-sample limits, and we have corre-
lated the various magnet performances with
differences in insulation and cooling patterns
through a dynamic stability analysis.

DC transport magnet systems are re-
guired in accelerator-beam areas and are
closely related to storage and stretching rings.
A quadrupole doublet of 15-cm warm bore
aperture was built by LASL for their LAMPF
We mapped the field within the aper-
ture and obtained the multipole field aberra-
tions and residuaal fields due to trapped super-
currents.

project.

Two large transport systems have
They both
have 20-cm warm bore apertures. The dipole
has a bending ficld of 42 kG and is 3 ft long;
the quadrupole doublet has a gradient of 6
kG/in and each quadrupole is 2 ft long.
Surprising progress has been made in the

been built for Bevatron-area use.

fabrication of extremely fine superconductors.
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We have carried out some 59 short-sample
tasts of production and experimental materials.
A variety of the latter are 0.003-in. diameter
wire containing superconducting filaments
only 4 p in diameter; some of these have been
supplied at a 0.001-in. wire diameter with
1.25 p filaments. Some of these tests have
been carried out in the range 0 to 90 kG. We
have experimentally shown that the self-field
effect iz much smaller than has been theoretic-
ally predicted. This is important since it af-
fects the maximum composite wire size 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.
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BEVATRON

Edward J. Lofgren in charge

OPERATION AND PROGRAMS

During the period of this report almost
5500 hours of machine time were scheduled
for high-energy physics. The research pro-
gram recorded a total of 20 853 hours of ex-
perimental work. The multiplicity of experi-
ments (integrated hours of experimentation
divided by total hours of machine time de-
voted to research) averaged 4.3.

The Bevatron is capable of operating ap-
proximately 320 days per year; holidays,
maintenance periods, and shutdown fur im-
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 is re-
duced to about 244 days per year. A 2 1/2-
month shutdown occurred between late Decemn-
ber and early March. The length of this shut-
down was budget-related; the timing was
chosen to minimize the impact on the experi-
mental program. Major improvement pro-
jects were carried cut during this time.

Participation in our program by outside
groups has continued to rise, their use of the
machine being about 65% of the recorded ex-
perimental hours. Twenty outside labora-
tories and universities were involved in

Bevatron experiments.

MACHINE DEVELOPMENT

Resonant Extraction of the EPB

The project to create an operational reso-
nant-extraction system for the externa.l'pro-
ton beam culminated this year with the instal-

lation of the corapleted system. This ﬁ1el:hod
of beam extraction utilizes the 2/3 resonance
of the radjal betatron oscillations. Resonant
beam growth is produced by a local field

perturbation. Long beam spills may easily be
proCuced. The local field perturbation also

containe a coil to produce fast spills {(~1/2 nsec),
Completion of this system involved in-

stallation of a new thin-septum magnet (M1},

a new pole-face-winding power supply system,

a system to suppress ripple in the Bevatron

magnetic field, and expansion of the digital

control system to automatically control the

acceleration system of the Bevatron. °

Septum Split of the EPB

The succesas of t.he system of sepl:mn

magnets mstalled last year in channel I £ the -

EPB encouraged us to mstall a s:u:mlar system ,
to accomplish a s1mu1ta.neons sharing nf the ex~ -
tracted beam between EPB Channels I_an L :
This new system was installed durmg the

shutdown in J'anna.ry and Febraary: of this

year. Thus it is now possible to sha.re fh';
beam s:.multa.neously between three end- )
station farget areas with great ﬂenbl.hty !

Mnlh.ple energy opera.hon is retamed as an
important feature of this system. ’

Computer Control

The new magnet elernents of the '
channel EPB system are digitajly’i:t')d olled
using a PDP-B processor such that their cur-
rents are ggnﬁp\;puslj fglgted to fhecll:ax}gmg
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field of the Bevatron magnet. As is the case
with all the other magnets in the system, 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-
lnte field value and ripple components. A
high-resolution field detector has achieved
pulse-to-pulse stabilities of £1G. Digital
processor control within several closed 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 rectifiers. Digital techniques have
made a significant contribution to the overall
improvement of guide-field quality and sta-
bility, so necessary for implementation of
resonant extraction technigue.

A major step was taken to achieve better
and noise~free control of the r{ acceleration
system of the Bevatron. The low-level rf
frequency modulation system with its multitude
of analog correction-signal inputs was re-
placed with a digital system incorporating a
digital processor.

High Brilliance on Source

The loss at injection which characterizes
all large syﬁchrotruns is not understood to
date. There may be numerous contributiag
factors. However, a controlled emittance--
and, hence, brilliance--are essential for a
more efficient injection and trapping-process.
Therefore we have rebuilt our 500-kV
Cockcroft-Walton to give 750 kV.
will soon be under test.

This system

Cryogenic Pumping

Gas scattering still causes a substantial

loss of particles at injection. We believe

that the relatively 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 consists of a liquid-nitrogen enclosure
which houses a helium line of 20°K. The com-
bination of liquid nitrogen and low-temperature
helium gas will more than double the present
pumping capacity. Furthermore, the liguid
nitrogen will 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 elements
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. Both are 8-in. diameter warm bore.

High-Voltage Separator

The interest in precision experiments of
rare decay modes of K-mesons has increased;
thus it became evident that the development of
K-beams must be pursued. Since 2 substantial
loss of low momentum K is due to decay in
flight, the length of the hardware components
must be reduced; this means, among other
items, shorter separators with the same | Vds
across the beam. An alternative solution
would be to superimpose the electric and the
magnetic field for separation and dispersion,
respectively. Both solutions are under in-

vestigation, and some tests are under way.
High-Intensity Stopping K-Beam

The design of a high-intensity stopping
K-beam is in progress. The gnal is to build
a separated beam which will yield 105 stopped




-119-

K+ per pulee in a background of 106 particles; which can - partially corrected with sextupole
the method will be to use apecially designed components. A program of optimizing pos-
beam elements in a short beam with a large~ sible beam designs and of comparing these
solid-angle acceptance. Beams of this de- optimized designs is under way, with the pur-
acription exhibit very large second-order pose of finding the best and least expensive

aberrations, both spherical and chromatic, design.
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184-INCH SYNCHROCYCLOTRON

James T. Valc in charge

This accelerator, used for nuclear
physics, nuclear chemistry, and medical
work, is basic to the Medium Energy Physics
Program of the Laboratory. Unigue in its
flexibility with regard to particles accelerated,
it provides intense internal and external beams
of protons (740 MéeV) and correspondingly en-
ergetic deuterons and helium ions. Mesons
and neutron beams produced by these particles
are also avaijlable and are intensively used.

At present, the cyclotron operates on a
schedule of 19.5 shifts per week, including
0.5 ehift for maintenance. About 50% of its
running time is for outside groups.

Completed this year was the experiment
to test time-reversal 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 reversal
by detailed balancing using p + 4% He + v is
currently being measured by an LBL -~ UC
Santa Cruz collaboration.

Also finished was the measurement of the
With the same
equipment, a study of the depolarization of
muons in condensed media was carried out.

muon magnetic moment,

Use of n~ radiative capture reactions on
various nuclei to study nuclear structure is
continuing. Preliminary work on the w-capture

- y-ray spectra has been done for 4'.[-Ie, iZC,

165, 24345, and 40ca.
Under way are experiments to determine
the A magnetic moment (UCLA), to measure

the spin correlation parameter for proton-~

neutron elastic scattering (Universit:- of

Toronto), to measure the differential cross
sections for v d elastic scattering {UBC), and
to test for a parity difference between the mu-

on and the electron (University of Arizona).

Calibrations for various detectors used in
space physics have been carried out by NASA-
and NSF-supported groups. A collaboration
between Clarkson College and LASL, mea-
suring neutron energy distributions from pro-
tons on uranium, has been completed.

The biomedical program, although it uses
only approximately 7% of the accelerator
time, is an important aspect of the medium-
energy physics activity. This program con-
sists not only of research with animals, but
also of treatment of patients by techniques
that have been well 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 is planned with the completion of the new
body positioner, scheduled for the beginning of
FY 1972,

The increasing use of the 184-inch facility
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 is now possible for two ex-
periments to share the beam simultaneously;
as a result, a highly polarized muon beam, a
variable-energy pion beam, and two low-en-
ergy pion beams will be set up for the current
experiments, ‘as well as for future runs.

Other improvements are:


http://differer.ee

dec power -supply annex completed; meson
cave special-plaiform blocks completed and
installed; clean-air system completed; all

~ gaskets in the external beam tube replaced;
new second-dee system begun; two new " C*'
mag:ets received and put into service; addi-
tional shielded magnet stands fabricated and
put into use; an additional portable counting
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room constructed and put into service; the
1250-KW generator and the 2-MW generator
overhauled; additional general-purpose
shielding blocks procured; design and ma-
terial procurement of large 22" X 66" picture-
frame magnet well under way; radiation moni-
toring system completed; and a2 record num-
ber of experiments set up.



G. S. Abrams
L. W. Alvarez
J. A. Baker

R. O. Bangerter
K. Bardakci

K. W. Barnham
O. Benary

K. H. Berkner
R. W. Birge
A. Bonney

A. L. Bridgewater
L G. Brown

R. J. Budnitz
F. P. Calaprice
O. Chamberlain
G. F. Chew

W. Chinowsky
W. W. Chupp
A. R. Clark

E. P. Colton
E. D. Commins
W. 5. Cooper
D. G. Coyne

F. 5. Crawford
K. M. Crowe
P, M. Dauber
B. Y. Daugeras
S. E. Derenzo
P, H. Eberhard
M. B. Einhorn
T. Elioff

R. P. Ely

A. Entis

R. G, Field

A. Firestone
S. M. Flatte”
J. V. Franck
J. H. Friedman
A. B. Galtieri
M. Garnjost

A, A, Garren
G, Gidal

W. S. Gilbert
D. A. Glaser
‘M. B. Goitein
G. Goldhaber

-123-

PHYSICS RESEARCH STAFF

D, F. Grether
H. A. Grunder
T. Hadeishi

M. B. Halpern
W. D. Hartsough
H. H. Heckman
J. A. Helland
A. C. Helmholz
W. R. Holley

J. D. Jackson
C. E. Johnson
R. P. Johnson
D. L. Judd

J. A. Kadyk

G. E. Kalmus
5. N. Kaplan

R. Karplus

A. N. Kaufman
D. Keefe

R. W. Kenney
L. T. Kerth

W. B. Kunkel
G. R. Lambertson
L. J. Laslett

J. V. Lepore

E. J. Lofgren
G. R. Lynch

S. Mandelstam
R. Marrus

W. B. Michael
D. H. Miller

D. E. Msht

R. G. Moorhouse
B. J. Moyer

H. G. Oberlack
W. P. Oliver

S. I. Parker

H. W. Patterson
A.C. Paul

C. Pellegrini
V. Perez-Mendez
W. A. Perkins
J. M. Peterson
W. M. Powell
L. R. Price

M. H. Prior

M. Pripstein

R. V. Pyle

M. S. Rabin

C. A. Rey

R. J. Riddell
A. Rindi

A. Rittenbherg
A. H. Rosenfeld
R. R. Ross

L. Ruby

R. C. Sah

S. G. Schmelling
C. Schwartz

E. Segreé

A. M. Sessler
G. Shapiro

S-5. Shei

H. A. Shugart
L. Smith

D. R. Snider
F. T. Solmitz
H. P. Stapp

H. M. Steiner
A. W. Stetz

M. L. Stevenson
R. F. Stiening
M. Suzuld

W. J. Swiatecki
R. H. Thomas
G. H. Trilling
R. D. Tripp

J. Vale

M. A. Wahlig
R. W. Wallace
K. M. Watson
B. R. Webber
W. A. Wenzel
H. S. White

E. H. Wichmann
C. E. Wiegand
A. C. Zemach

t GPO ™IS



