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Introduction 
This is the f 01 rth Ln a continuing series 

of reports on cross-section type data produced 
by the Particle Data Group. (The previous 
three reports were labeled UCRL-20 0Q0, but 
this and subsequent reports will be labeled 
LBL-50 through LBL-59.) In this series we 
collect and display total cross sections, 
differential cross sections, polarizations, 
and other similar data. Each report covers 
one input channel. This one is K°N (the first 
one was on K N, the second on YN, and the 
third on NN). In the near future we will bring 
out NN and IT N. Following later will be IT N, 
K~N,etc. All reports are complete from 
January 1968, and also contain selected 
results before that date. The reports will be 
updated periodically, a3 necessary. 

The system from v,hich these reporta are 
derived is a computerized one, having at its 
nucleus a computer-searchable data tape 
containing information encoded from various 
art icles. Sometime in the future we hope to 
be able to answer specific user requests for 
information from our data tape-

Listed below are the names of the many 
physicists who are working on, or have 
recently worked on, these reports: 

I. System. Development (LBL) 
Alan Rittenberg 
Arthur Rosenfeld 

II. Encoding and Verifying Data, Editing 
Reports, Fitting Data 

James Enstrom (LBL) 
Zaven Guiragossian (Stanford) 
Victor Henri (LBL) 
Thomas Lasinski (LBL) 
Thomas Trippe (LBL) 
Fumiyo Uchiyama (LBL.) 

III. Reading and Evaluating Articles, and 
Analyzing Compiled Data in: 

ff~N Interactions 
*Alan Thorndike (BNL) 

Thomas Trippe (LBL) 
Frank Turkot (BNL) 

r N Interactions 
Victor Henri (LBL) 
Thomas LaBinski {LBL) 

•Henry Lubatti (Univ. of Wash.) 
Thomas Trippe (LBL) 
Fred Winkelmann (SLAC) 
James Wolfson (M.I. T.) 

K"N Interactions - below 2.0 GeV/c 
•Claude Bricman (CERN) 

Thomas Lasinski ( L I J L ) 
K~N Interactions - above 2.0 GeV/c 

J . Badier (Ecole Polytechnique) 
*Enzo Flaminio (BNL) 
G. Kay a B (Ecole Polytechnique) 
Thomas Lasinski (LBL) 
Brian Musgrave (ANL) 

James Loos (SLAC) 
•Fumiyo Uchiyama (LBL) 

K N Interactions 
Odette Benary (Tel-\viv) 

*Roger Bland (Ecole Polytechnique) 
Victor Henri (LBL) 
LeRoy Price (U.C. Irvine) 
Naomi Schmidt (Brandeis) 
Charles Wohl (Oxford) 

NN Interactions 
Gideon Alexander (Tel-Aviv) 

*Odette Benary (Tel-Aviv) 
LeRoy Price (U.C. Irvine) 

NN Interactions 
James Enstrom (LBL) 

•Tom Ferbel (Rochester) 
Za-'en Guiragossian (Stanford) 
Paul Slattery (Rochester) 
Yoshio Sumi (Osaka) 
Barry Werner (Rochester) 
Toshihiro Yoshida (Kyoto) 

YN Interactions 
Gideon Alexander (Tel-Aviv) 

*f "Chairman" 



fcOdette B e n a r y (Te l -Aviv) 
LeRoy P r i c e (U. C. I rv ine) 
If you have any sugges t i ons for i m p r o v i n g 

t h e s e r e p o r t s , p l e a s e l e t us know. Our 
a d d r e s s i s : 

P a r t i c l e Data C e n t e r 
L a w r e n c e B e r k e l e y L a b o r a t o r y 
B e r k e l e y , Ca l i fo rn ia 94720 
(415) 843-2740 , E x t . 6301 o r 5885; 
n i g h t s , w e e k e n d s , and h o l i d a y s , ca l l 
642 -0807 . 

Scope of the C o m p i l a t i o n s 
i . We co l l ec t a l l e x p e r i m e n t a l h igh -

e n e r g y physicB r e s u l t s that c a n be r e p r e 
s e n t e d by s i m p l e t ab l e s o r g r a p h s , i . e . , er, 
d u / d n , p o l a r i z a t i o n s , angu la r d i s t r i b u t i o n s , 
dens i ty m a t r i c e s , e t c . 

We l e a v e it to Data S u m m a r y Tape 
L i b r a r i e s to s t o r e Dal i tz p lo t s o r o the r > 2 -
d i m e n s i o n a l d i sp l ays (al though the p r e s e n c e 
of such data i s i nd i ca t ed on our KEYWORDS). 
In any c a s e our p r i n t e d compi l a t i ons should 
s e r v e a s a n e c e s s a r y " t ab le of c o n t e n t s " to a 
DST L i b r a r y . 

?.. The data c o m e p r i m a r i l y f r o m 
pub l i shed j o u r n a l s , e . g . , P h y s i c a l Rev iew, 
P h y s i c a l Rev iew L e t t e r s , N u c l e a r P h y s i c s , 
P h y s i c s L e t t e r s , Nuovo C imen to , e t c . 

We do a l s o compi l e unpubl i shed t h e s e s 
and con fe rence r e p o r t s — if the t e p o r t s give 
enough in fo rmat ion to p e r m i t a val id eva lua t ion 
of the e x p e r i m e n t and a n a l y s i s . 

We do not r e c o r d data that a p p e a r in 
a b s t r a c t f o r m only, n o r do we g e n e r a l l y accep t 
p r e p r i n t s u n l e s s the a r t i c l e h a s a l r e a d y been 
a c c e p t e d for pub l i ca t ion . 

3 . The compi la t ion is to be c o m p l e t e 
f r o m J a n u a r y 1968. Before tha t t i m e we 
en te r data that a r e p a r t i c u l a r l y i m p o r t a n t . 
But the bulk of the p r e - 1 9 6 8 p a p e r s wi l l not 
be put into our s y s t e m . 

Data Handling 
In o r d e r to m a k e th i s compi la t ion a s 

a c c u r a t e and comple t e a s p o s s i b l e , a l a r g e 

n u m b e r of s t e p s , involving s e v e r a l p h y s i c i s t s 
and a s e c r e t a r y / a s s i s t a n t , a r e n e c e s s a r y . 
The l i s t be low ind i ca t e s the mos t i m p o r t a n t 
s t e p s tha t e v e r y a r t i c l e m u s t go th rough in 
o r d e r to have i t s in format ion e n t e r e d onto 
the DATA TAPE (the m a g n e t i c t ape that 
con ta ins a l l of our d a t a ) . 

a) The " r e a d e r , " a p h y s i c i s t , f inds a 
r e l e v a n t a r t i c l e , r e a d s i t , m a r k s the data to 
be encoded , and r e c o r d s on a s p e c i a l f o r m 
c e r t a i n add i t iona l i n fo rma t ion . 

b) The a r t i c l e i s logged in by the 
s e c r e t a r y / a s s i s t a n t , who a l s o t r a n s c r i b e s 
t he b ib l iog raph ic i n fo rma t ion , such a s t i t l e , 
a u t h o r s , a b s t r a c t , e t c . , onto encoding f o r m s . 

c) A p h y s i c i s t , u s u a l l y d i f ferent f r o m 
the r e a d e r , t r a n s c r i b e s the da ta s e l e c t e d by 
the r e a d e r onto encoding f o r m a . Addi t ional 
da t a m a y be added at the d i s c r e t i o n of th i s 
second p h y s i c i s t . 

d) The encoding f o r m s a r e keypunched . 
e) The r e su l t i ng deck i s e n t e r e d onto a 

t e m p o r a r y DATA T A P E by the p r o g r a m 
DA T A P E . C r o s s e r r o r s ( such a s m i s s i n g 
c a r d s o r in format ion) a r e de t ec t ed i m m e d i 
a te ly by DA T A P E . If t h e r e a r e such e r r o r s , 
the deck i s c o r r e c t e d and p r o c e s s e d . 

f) When the d-ita deck h a s been s u c c e s s 
fully p r o c e s s e d , t he t e m p o r a r y DATA TAPE 
is r e a d by the p r o g r a m SKELM, which m a k e s 
a l i s t i ng of a l l t he in fo rmat ion Btored for e ach 
a r t i c l e . This l i s t i n g is examined carefu l ly 
by the s e c r e t a r y / a s s i s t a n t and the encoding 
p h y s i c i s t . Any e r r o r s found a r e c o r r e c t e d 
and s t e p s e) and f) r e p e a t e d . 

g) When no m o r e e r r o r s can be found, 
the S K E L M output i s examined by the o r ig ina l 
r e a d e r and c o m p a r e d again with the a r t i c l e . 
Any fu r the r e r r o r s a r e c o r r e c t e d . 

h) F ina l ly the encoding phys i c i s t m a k e s 
a l a s t check and m a r k s the a r t i c l e to ind ica te 
it h a s had i t s f inal ver i f ica t ion-

" C h a i r m a n " 



i) The article is entered onto a perma
nent DATA TAPE. 

All the above is just to get the data onto 
the DATA TAPE. When preparing a report 
such as this, many additional tasks are in
volved. A few typical ones are : 

a) Collecting all the data on a particular 
set of reactions — plotting them, looking at 
systematic e r ro r s , removing obviously bad 
data from the graphs (but leaving it in the 
tables). 

b) Ironing out normalization differences 
between experiments. 

c) Worrying about the various ways in 
which different authors make resonance cuts 
and subtractions. 

d) Deciding what types of curves (if any) 
should be fit to certain classes of data. 

Collaboration with Other Groups 
Some physicists in Europe have formed 

a group called HERA (High Energy Reactions 
Analysis) to also compile cross-section data. 
We are trying to keep in close contact with 
one another in order to minimize duplication 
of effort both in programming and data collec
tion. 

We also cooperate with HERA on report 
distribution: LBL prints and distributes both 
HERA and our reports for the Western Hemi
sphere and Japan, and CERN does the same 
for the rest of the world. 

Other Cross-Section Compilations 
We present below (in chronological 

order) all of the previous large cross-section 
compilations that we know of. In addition to 
just listing data, some of them have nice 
reviews, perform various fits to the data, etc. 

• V.S. Barashenkov and V. M. Maltsev, 
Cross Sections for Elementary Particle In
teractions, Fortsch. Physik 9_, 549(1961). 

• V.S. Barashenkov and J. Patera, Cross 
Sections for Antinucleon Production, Fortsch. 
Physik U_, 469 (1963) 

• V.S. Barashenkov and J . Patera, 
Strange Particle Production, Fortsch. Physik 
li, 479 (1963). 

• M.N. Focacc iandG. Giacomelli, Pion-
Proton Elastic Scattering, CERN 66-18 (1966) 

• J. T. Beale, S.D. Ecklund, a n d R . L . 
Walker, Pion Photoproduction Data Below 
1.5 GeV, CALT-63-108 (1966). 

• H. Yukawa, ed. , Experimental Data on 
Hadron Interactions in GeV Region, Supple
ment of the Progress of Theoretical Physics 
(Kycto), Extra Number (1967). 

• P.K. Williams, D. M. Levine. J . A. 
Koschik, References and Some Two-Body 
Data for High Energy Reactions, University 
of Michigan, 1967 (unpublished). 

• G. Alexander, O. Benary, and U. Maor, 
Data Compilation of Proton-Proton Interactions 
Between 1 and 32 GeV/c, Nucl. Phy&. B5, 1 
(1968). 

• G. Alexander, O. Benary, and U. Maor, 
Data Compilation of Baryon-Baryon Interac
tions. (II) Proton-Neutron Collisions Between 
1 and 27 GeV/c, Nucl. Phys. B7, 281 (1968). 

• G. Alexander, O. Benary, U. Karshon, 
and U. Maor, Data Compilation of Baryon-
Baryon Interactions. (Ill) Hyperon-Proton 
Collisions, Nucl. Phys. BIO, 554(1969). 

• G. Giacomelli, P. Pini, and S. Stagni, 
A Compilation of Pion-Nucleon Scattering 
Data, CERN/HERA 69-1 (1969). 

• B. Sadoulet, Data Compilation of Anti-
proton-Proton Reactions into Antihyperon-
Hyperon, CERN/HERA 69-2 (1969). 

e G. Giacomelli, A Compilation of Total 
and Total Elastic CTOBB Sections, CERN/HERA 
69-3 (1969). 

• Particle Data Group (L.R. Price, N-
Barash-Schmidt, O. Benary, R. W. Bland, 
A.H. Rosenfeld, C.G. Wohl), A Compilation 
ofK TN Reactions, UCRL-20 000 K+N ( 1969). 

• Particle Data Group (D.J. Herndon, A. 
Barbaro-Galtieri, A.H. Rosenfeld), n-N 
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Partial Wave Amplitudes; A Compilation, 
UCRL-20 030 nN(1970). 

it Particle Data Group (O. Benary, N. 
Barash-Schmidt, L.R. Price, A.H. Rosenfeld, 
G. Alexander), A Compilation of YN Reactions, 
UCRL-20 000 YN(1970). 

• G-C- Fox and C. Quigg, Compilation of 
Elastic Scattering Data, UCRL-20001 (Jan. 
1970). 

• P. Spillantini and V. Valente, A Collec
tion of Pion Photopreduction Data. I — From 
the Threshold to 1.5 GeV, CERN/HERA 70-1 
(1970). 

• J. D. Hansen, D. R. O. Morrison, N. To-
vey, E. Flaminio, Compilation of Cross 
Sections. I — Proton Induced Reactions, CERN/ 
HERA 70-', (1970). 

• E. Flaminio, J .D. Hansen, D.R.O. 
Morrison, N. Povey, Compilation of Cross 
Sections. U — Antiproton Induced Reactions, 
CERN/HER*- 70-3 (1970). 

A E. Flaminio, J .D. Hansen, D.R.O. 
Morrison, N. Tovey, Compilation of Cross 
Sections. Ill — K Induced Reactions, CERN/ 
HERA 70-4 (1970). 

• E- Flaminio, J .D. Hansen, D.R.C. 
Morrison, N. Tovey, Compilation of Cross 
Sections. IV — TT Induced Reactions, CERN/ 
HERA 70-5 0970). 

• E. Flaminio, J .D. Hansen, D.R.O. 
Morrison, Compilation of Cross Sections. 
V — K" Induced Reactions, CERN/HERA 
70-6 (1970) 

• E. Flaminio, J .D. Hansen, D.R.O. 
ivlorriaon, N. Tovey, Compilation of Cross 
Sections. VI — TT" Induced Reactions. CERN/ 
HERA 70-7 (1970). 

• O. Benary, L..R. Price, G. Alexander, 
NN and ND Interactions (above 0.5 GeV/c) — 
A Compilation, UCRL-20 000 NN (August 1970). 

• P. Joos, Compilation of Photoproduction 
Dat.̂  above 1.2 GeV, DESY/HERA 70-1. 
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A. Introduction and Discussion 
We have compiled the rather scarce 

data on K°L-nucleon interactions. Very few 
experiments of this type Lave been completed 
ukhough 7 are now in progress. This report 
includes all data published as of January 1, 
1972 (13 publications on K°. p and none on 
K° n). Note that charge symmetry may be 
used to equate certain final states produced by 
K°p or K°p with those produced by K n or K"n 
interaccions, respectively, uaitig deuterium as 
a target, (for K ndata see UCRL.-ZOQQO K +N-) 

There are several important advantages 
in using i.eutral rather than charged K beams 
for studying KN interactions: (a) The iuospin 
of the K°p system is purely I ~ 1, (b) some 
final stateB are more readily ob.-erved in K°p 
or K°p interactions than are their charge -
symmetric counterparts in K n or K~N inter
actions, (c) the K°. beam consists of equal 
components of K° and K° so no relative 
normalization problems enter between reac
tions of opposite utrangsness, and (d) data 
may be accumulated simultaneously across a 
wide momentum range thereby reducing 
normalization problems across the entire 
energy region. 

Jh Part 1 we summarize the cross 
sections for various reactions versus labora
tory momentum. The normalization of cross 
sections is always taken for a beam of K°_ 
mesons and not K" or K° mesons. [For 
example, we quote ff(K^p — IT A), which is 
equal to 1/2 cr(R°p-* TT A).] Then differential 
cross sections and angular distributions are 
given. In general, data for P, beam below 
1 or 2 GeV/c are plotted as da /dn or 
dN/d(cos6 ). whereas dff/dt is used for higher 
momenta. Information is presented first 
for S " - 1 and then for S = + 1 final states. 

• . Part 2 the reaction K° p — K° p is 
treated separately. We quote the cross 
section, the differential cross section, the 

forward differential cross section, the modi
fied regeneration amplitude, and -the phase of 
the forward amplitude. We give here a brief 
discussion of definitions and notations. The 
amplitude for K ' p -* K°p may be expressed 
as 
A<KJ

L7> - K°sp> = i f A(K°p-K < >p)-A(K i >p-K ( ,p) j . 

The phase of the forward amplitude, <J>, is 
defined as: 

«> -- argfAtK^p - K ° s p ) t = 0 ] . 

Note that in the l i terature, another phase — 
the regeneration phase 4>- — is sometimes used, 
where <ff= arg [ i A { K ° L p - K ° s p ) t = 0 ] . The 
above amplitude is related to total cross 
sections via the optical theorem in the usual 
convention, e.g.) 

where k is the overall center-of-mass K° 
momentum. The modified regeneration 
amplitude is defined at zero degrees as: 

i 4 ) A | K V K ^ 0 . A [ K V K V | = 0 

F - | F | e = g 

-I A ( K ° L P - K ° s P W 

The c. m. momentum, k in the denominator 
makes F Lorentz invariant and gives a 
relation between the modified regeneration 
amplitude and the forward diffe ..sntial cross 
section free of kinematical factors. 

The relationship between the modified 
regeneration amplitude and the forward cross 
section is obtained as follows: 

do" _ dff dn _ tr I A/V-O n ^ i / 0 n l | 2 
k 

Substituting A t K ^ p - K ^ p ) | t _ 0 = | F into the 

above equation. 

Wt=o~ 4 
T\' 

F is customari 1 / expressed in mb while 

-rr is expressed in mb(GeV) - . The 



1 
conversion factor is obtained from (tic) = 
(0.624) 2 (GeV)2 mb. Therefore the relation
ship between the modified regeneration 
amplitude and the forward differential cross 
section is: 
|F|(mb) = ( 0 . 6 2 4 ) [ ( i ) ( ^ ) t i o { m b / G e V 2 j l / 2 . 

Note that because -s-r is proportional to | F | 
the percentage e r ro rs are related as follows: 

SIZE) 

[ F f " Z ( d a } 

d t t=0. 
Tht study of K°Lp -* K°p has been done 
both in bubble chamber experiments and in 
counter experiments with mutually consistent 
results for{ ~7[tK=c\ a n < * ^ * The bubble chamber 
experiments measure ( —>- ) t _ n by extrapolation 
of the angular distribution to t=Ojand determine 
cj> by comparison to total cross-section measure
ments for K n. The counter experiments 
measure ( - r r ) . 0 by determining the magnitude 
of the K l transmission (coherent) regenera-
tion rate from hydrogen, and measure 41 by 
observing an interference between the decay 
Kg -+ T/TT" a n d the (CP-violating) decay 
K°, •* TT TT". It is always reassuring when 
two such different experimental techniques 
provide agreement in their results. 

See page 65 of The CP Puzzle by P. K. 
Kabir (1968, Academic Press) and the refer
ences given therein for the regeneration 
phenomena of neutral K meson. 
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Kgp total cross section 

100 

a 

"0.15 0.20 0.25 0.31/ 0.35 

Pbeam ( G e V / c ) 

0.40 

Fig. 1. K? p total cross section over fuli energy range of existing measurements. 

(GeV/e) S (GeV*) (mb; 

.168 ±.00 A 2.103 70.1 ±15.0 % 

. 1 7 ' .005 2.109 50.1 9.7 S 

.187 .005 2.US 50.2 9.2 1 

.197 .005 2.122 51.5 7.3 t 

.209 .007 2.130 41.9 6.1 f 

.223 .007 2.1AL 3B.6 6.2 1 

.239 .009 2.LEA 46.4 £.5 t 

.256 .010 2.170 33.7 4.6 S 

.291 .013 2.190 31.0 3.9 t 

.306 .014 2. 216 30.4 3.5 t 

.343 .021 2.252 26.0 2.9 t 

» SEE OATA LISTING FOR P0SSI9LE SVSTEHATIC ERRORS 

6B PR 169 1045 
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Cross section for K£p->7r+A 
ECL (GeV) 

x.«» ^.50 ^.« ^.to ^.e» 

2 -

H> 

J . 

X T " X 
inns «i H/unmrs «7 Mnsmt 7i 

H 1 

, - I < • 

• * • 
i m i 

j _ 
0.16 0.32 0.48 0.64 

Pbeam ( G e V / c ) 

0.80 

Fig. 2- Cross section for K° p -» IT A over full energy range of existing measurements. 

(GeV/o) S (G«VZ) (mb) references 
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. 2 f l i 
. I S O 2 . 4 i 3 . 5 0 « f * LUFPS o AtX CT lF J i 
.0&Q 
. 0 : 0 2 . 563 1.02 . 2 3 t » rtAHKINS * PR ISfc 1 « « 

• 0ATA RtAd FRCI GRAPH 
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Cross section for K. p *is £ 

P b e a m < G e V / c > 
0. 365 0.385 

a(mb) 

1. 94 ± 0. 8 

Reference 

Meisner 

7 1 PR D3 2553 

Croat section for K^p -• YJTO 

ff(mb) 

A„V 0.59 ± 0.05 

0.59 ± 0.05 

0.07 ± 0.03 

0.03 ± 0.02 

Hawkins 

Hawkins 

67 PR 156 1444 

Cross section for K^ p -» K n 

0.300 ± 0.300 

<7(mb) 

1.61 ± 0.72 

Reference 

Meisner 

PR D3 2553 



Angular distribution for Kgp->7r+A 
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Fig. 4. Angular distribution for Kj p -» IT A. The scattering angle 6 is defined in the overall c. m. system as cos 8 = ft- #. 



Angular distribution for K2p-»7r"T° 

Pbe»m= -59 ± .05 

cos B Number of events 

nam max 
1.000 - . 8 0 0 
- . 8 0 0 - . 6 0 0 
- . 6 0 0 - . 4 0 0 
- . 4 0 0 - . 2 0 0 
- . 2 0 0 0c 
0 . .200 

.200 .400 

.400 .600 

.600 .800 

.600 1.000 

2.000 ±1.414 
3.000 1.732 * 
0 . * 
0 . * 
1. 000 1.000 * 
0 . * 
2.000 1.414 * 0 . * 
2.000 1.414 * 
2.000 1.414 * 

* DATA READ FROM GRAPH 

HAWKINS 67 PR 156 1444 HBC 



Angular dis t r ibut ion for K£p^TT +£° 
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Fig- 5. Angular dis tr ibut ions for K^ o -* TT^S0. The scattr ring angle 6 is 

defined in the overal l c m . sys tem as cos 0 - K* ft-
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Regeneration, Kip-» 
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a) Cross section , 
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b) ; Differential cross section 
c) Forward differential cross section; 

magnitude of modified regeneration 
amplitude 

d) Phase of forward amplitude. . 



Cross secticfrr for Kjjp-
* - ? - > , . 

r b i u t 
.225 

.36P 

»<385 

J, .500 
.590 

1.000 
1.450 
1.700 
1.900 
2.100 
2.300 
2.500 
2.700 
2.900 
3.200 
3.600 
4.000 
4.o00 
5.000 

5.500 
7.000 

(GeV/c) 
+.075 
- .025 
+.080 
- .060 
+.215 
-.Us<. 
+.150 
- .060 
•t.050 

,300 
.150 
.100 
.100 
.100 
.100 

" .100 '-
.100 
.100 
.200 

, .200 
''".aoo 

.400 
+2.000 
-3.POO 

1.500 
il.OOO 

(GeV*) <r <mb) 
2.143 7.500 i 2 . 4 0 0 • »* 

2 .271 3.400, .700 * t * 

2 .299 1.040 • 1.300 ' 
2.443 2.800 ; .500 * t l» 

2.568 1.083 .260 1 * 
3.217 2.700 .400 tx 
3.999 .627 »«80 t 
4 .446 .722 .085 t 
4 .808 .411 ,- .060 f 
5.172 .420 .055 »JV 5 . 5 3 9 , • 277 -•> .045 • ' 
5.906 .287 .045 • 
6,275 £ - ".250 . 040 t 
6.644 - ? ' . 1 7 1 .035 4 
7 . 2 0 0 ^ - - ^ " .146 - .022 t 
7 .943- .086 .018 • 
8.687 .115 .021 t 
9.806 ,. .077 .014 * 10.552 
) 

.069 .015 i 

11.487 .054 .012 t 
14.292 .028 .008 1 

references 
" &&r "V " 

lOERS 

LUERS" 

HEISNSt 

HAWKINS 
LE1PUNER 
BROOY 
3R0DY ... 
BROOY , 
IRODY 
8ROOY 
BROOY. 
BROOY 
BROOY 
BRODY . 
8RQ0T 
WtODV 
SRODY 
FIRESTONE 

BROOY 
BRODY 

Jtt AIX CONF 23$; 

> 1 / A i X CONF 235 

74 FR « 3 25*31 4 

--*« .XXX CONf i » ', 

67 
63-
71 
71 
71 
71 
Tl 
71 
71" 
71 
71-
71 
71 
71 
66 

71 
71 

PR H * 1444 
PR 132 22*5 
PRL 26. 1050 
PRL, 26 1050 
PRL 26 1050' , 
PRL 26 1'0S0~ 
PRL 2* 1050 
PRt 2**1050 " 
PRL 26,16,30 
PRL 2* 1050 
PRL -24 1050, 
PRL 2* tOSO, 
PRL 26 .1050 
PRL 26 1050 , 
PRL 16 556 

PRL 26 1050 ' 
PRL 26 1050 

fit-

* DATA READ FROM GRAPH 2 
« SEE DATA LISTING FOR ADDITIONAL CSMHENTS 
* CROSS SECTIONS ARE RENORMALIZED USING UP-DATED K&. LIFE TIME (S.17X10**-81 
X DATA ARE 3ERIVED BY THE READER FROM GRAPH 

LUERS 61 AIX CGNF 235 
LEIPUNSR 63 PR 132 2285 
FIRESTONE £6 PRL 16 556 
HAMKINS 67 PR 156 1444 
8R00Y 71.....PRL £6 1050 
HEISNER 71 PR 0 3 2553 

HBC 
HBC 
hBC 
HBC 
HBC 
HBC 
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Cross s e c t i o n for K L P - > K § P 
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Fig. 6. Cross section for K 'p-» K° p over full energy range of measurement. 
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Differential cross section for K£p^K§p 

* c t i m ~ = .59 ± 05 " b t u n - 1. i. .3 

t| (GeV/c)2 dir/dt |t| (GeV/c)2 da/dt 
min nax [mb/(GeV/c) z] min max [mb/(GeV/c)«] 
.024 

. 0 9 ! 

.143 

.190 

.238 

.286 

.333 

048 
09f 
143 
190 
238 
Z8fr 
33 3 
331 

i 

i b£ 

6 i 

I.J] 

i - r 
1 • 1 j 

• t 

•°27 .175 
-IT", . 3 6 ! . 
. 36 * .547 
.547 .727 
-727 .918 

5.746 
2.673 
2.873 
1.494 
2.069 

±1 .49 * * 
.919 • 
.919 • 
.690 * 
.10* • 

* DATA BEAD eB0M GRAPH 

ATA R¥A0 F 
te DATA L I 

OH G"APH 
TIMS F3H ADDITION* C(MM«tT S 

IEIPUNER 6 3 . . . H9C 

HAWK I l " 4 HBC 

1.65 ± .35 

|t| (GeV/c)= 
min max 
.050 .1 

200 '.i 
300 .4 
400 .* 

.500 .% 

.600 .7 

.700 .8 

.800 1.0 
.000 1.2 
.200 1.4 
.400 1.6 
.600 1.8 

dtr/dt 
[mb/(GeV/c) J] 

. 0 4 ! 

.OS! 

.044 

„= 3. ± 1. 

1*1 (GeV/c) z 

t ADDITIONAL CMH9 

.500 .400 

.600 .700 

.700 .800 

.800 1.000 
I . 000 1.200 
1.200 1.400 
1.400 l.aoo 

SEE DATA L I S T I N G 

d<r/dt 
[mb/CGeV/c)*! 

STING FOR .D0ITICVML C.IHMr^S 

5. + 2. 
1*1 (GeV/c)* 

- 3. 
da/dt 

lmb/(GeV/c) J; 
1*1 
min 

(GeV/c)* 

.300 

.400 

.600 

± 2. 
d<r/dt 

fmb/(GeV/c) s ] 
. 1 7 7 . 0*3 * 

018 t 
0 3 ' ou » . 032 012 » 

.016 

. 0 1 9 001 » 
- O i l i<n * 
. 0 0 1 .101 » 

SES OAT* LISTING f0« A0DI7I3VAL riHMeNTS 

:iE£I0NE 66 PHL 16 556 



Differential cross section for K£p-»K§p 
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Forward Differential C r o s s S e c t i c i for K ^ p -» K° p; 
Magnitude of Modified Regenerat ion Amplitude 

p 
beam 

(GeV/c) 
< V d t | t = o 

f m b / ( G e V / c ) 2 ] (mb) References 

Min Max 

1.0 2.0 1.40 ± 0.50 0.84 ± 0 . 1 5 b Brody 7* 
2.0 3.0 0.88 0.24 0.66 0 . 0 9 D 

3.0 4.0 0.62 0.16 0.55 0 . 0 7 b 

4.0 3.0 0.47 0.13 0.49 0 . 0 7 b 

5.0 6.0 0.37 0.11 0.43 0 . 0 7 b 

6.0 8.0 0.2B 0.10 0.37 0 . 0 7 b 

3.0 10.0 0.38 0.19 0.43 0.11 Buchanan 71 

2.0 3.0 1.42 0 . 5 4 c 0.84 0.16 Darriulat 70 
3.0 4.0 0.63 0 . 2 5 c 0.56 0.11 
4.0 5.0 0.63 0 . 3 2 c 0.56 0.14 
5.0 7.0 1.23 0 . 8 2 C 0.78 0 .26 

Z.O 7.0 0.12 0.044 0.25 0 . 0 4 5 b Fires tone 66 

0.; 1.3 7.6 1.9 2.0 0 . 3 b Leipuner 63 

14 .0 18 .0 0 . 0 8 1 0. 0 2 4 C 0 . 2 0. 0 3 0 d V. K. Birulev 7 2 

IB. 0 22. C 0 .058 0. 023° 0. 170 0. 0 3 5 d 

2 2 . 0 2 6 . 0 0 .070 0. 027° 0. 185 0. 0 3 5 d 

26 .0 30 .0 0 .040 0. 0 1 7 c 0. 140 0. 0 3 0 d 

3 0 . 0 3 4 . 0 0 .027 0. 0 1 4 c 0. 115 0. 0 3 0 d 

34.0 4 2 . 0 0 .029 0. 0 1 5 c 0 . 1 2 0 0. 0 3 0 d 

See 'he d i scuss ion in Section II-A for definition of P , the modified regeneration amplitude. 
Data converted from forward differential c r o s s sect ion by r e a d e r s . 
Data converted from modified regenerat ion amplitude by r e a d e r s . 
Data read from graph. 

Brody 
Buchanan 
Darriulat 
FireBtone 
.Leipuner 
Birulev 

71 P R L 2 6 
71 PL37B 
70 P L 3 3 B 
66 P R L l b 
63 PR132 
72 , P L 38B 

1050 HBC 
213 SPRK 
433 SPRK 
556 P B C 

2285 H/.C 
452 SPRK 



Forward differential cross section for KLP~*K§P 
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Fig. 8(a) Forward differential cross 
section for K£p _ K|p. The data of 
Leipuner et al. , Firestone et al., and 
Brody et al., have been determined by 
extrapolation of the differential cross 
section to t = 0. The data of Darriulat 
et al. , Buchanan et al., and Birulev 
et al. f have been measured by trans
mission regeneration of the Kg mesons 
in hydrogen. The curve is a fit of the 

f o r m <W » t = 0 « Pbeam' w h e r e » = *• 2 8 

± 0. 10, excluding the data point of Lei-
puner and the data point of Firestone. 

(b) Same as (a), for the momen
tum region less than 10 GeV/c, ex
cept that the beam momentum is placed 
on a linear scale. 

1 0 

Pbeam (GeV/c) 



Phase of Forward Amplitude for K^p-

(GeV/c) S (GeV*) 
1.65 *.3S 
2.65 . 6 5 
6.00 I.00 
6.00 I.00 
6.50 3.50 
4.50 2.SO 

28.0 14.0 

4.356 
6*183 

12.421 
16.165 
13.357 
9.619 

53. 669 

Phase (deg) 
132 ±14 t 
129 13 * 
123 18 ( 
152 19 • 
101 42 
132 1? t 
UB 13 

references 
BRODV ' I PRL 26 1050 
BRHDY T l PRL 26 1 0 * 0 
BROOV 71 PRL 26 10»Q 
BRIOY 7 1 PRL 26 1050 
BUCHANAN 71 PL 37B £ 1 3 
DARRU'LAT 70 PL 33B 4 3 3 

B I R U L E V 7 2 P L 38B 452 

* SEE DATA L I S T I N G FOR ADDITIONAL COMMENTS 

DAQRIULAT 70 PL 33B 4 3 3 
BR1DY 7 1 PRL 26 1 0 5 0 
BUCHANAN 71 PL 376 2 1 3 
BIRULEV 72 PL 38B 4 5 2 

SPRK 
HBC 
SPR* 
S P R K 



Phase of Forward Amplitude 

for Kgp-Kgp 
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Fig. 9- Phase oi forward amplitude for K ° p -*• K° p . The data of Brody et ah have been 
determined by comparing the forward differential c ro s s section to the total c ro s s 
sections for K n and K~n. The data of Darr iulat el_ al^ and Buchanan ejt al_. have been 
determined by observing the interference between the decay of the K°. beam and the 
K° mesons regenerated in hydrogen in the forward direction. 
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In this section we prevent a listing of 
all the K°LP articles on our DATA TAPE-
These are the actual data used in forming the 
graphs and tables in Section II. The informa
tion is presented article-by-article, just 
as we store it. 

We debated for some time whether or 
not we should give these listings because 
they are somewhat repetitious of Section II. 
We decided to include them, however, because 
they do contain a certain amount of information 
not included in the previous section. 

In particular there are a few articles 
for which we have punched no data but have 
punched the bibliographic information, 

keywords, and some comments. The following 
papers are in this category: the phase shift 
analysis paper of Kim (Ref. 9), the resonance 
formation paper of Blumenfeld et_al^ (Ref. 1), 
and the regeneration paper of Christenson et_ 
al. {Ref. 4). A person interested in K£ inter
actions may find them useful. (These papers 
are not referred to in any way in Section II.) 

• In addition we have also punched the 
title and abstract for every article, to assist 
you in your selection of articles for further 
reading. 

• Also in this section you will find com
ments on many pieces of data — it is in 
general not practical to present these com
ments in Section II. 

• Many articles give data that we feel 
we cannot, meaningfully compile at present 
(only partially corrected, integrated only 
over a certain interval, etc). These data 
have in many cases been punched and will be 
found in this section. 

t> You will also find in this section, data 
reported as upper and lower limits, approxi
mate values, etc. 

& Occasionally we do not use the data as 
originally given in the article. This section 
tells exactly where our data came from 

(private communications, unpublished com
panion report, e tc . ) . 

• The size of an experiment is frequently 
indicated by the total number of pictures 
taken , or by the number of events in various 
distributions. 

• To give you an idea of the scope of a 
particular article, KEYWORDS are included 
for each art icle. These words <ian also be 
used to form classified indices (see Section 
IV). 

Tc repeat, the above items are some of 
the things you will find in this section that 
are not presented in Section II. 

We have also found that theses are 
frequently hard to come by. Thus we feel that 
our listing of theses may help give their data 
greater distribution than they might otherwise 
have. We would like to make the general appeal 
that a copy of all experimental particle 
physics theses be sent to us. 

Finally, this section may serve the 
useful function of permitting the reader to 
easily check on the accuracy of our input data. 
The data is arranged article-by-article, and 
in most cases we have indicated [in square 
brackets] the exact location of the data in the 
article ( i . e . , the figure, table, or page 
number). If you find any er rors or misinter
pretations, pteaae let us know as soon as 
possible -

As for the organization of the informa
tion in this section, we should mention that 
the order of the articles is alphabetical by 
first author. 

Above the double dotted line in each 
article you will find the title, authors and 
institutions, abstract (if the article had one), 
related citations, beam information, com
ments, KEYWORDS, etc. 

Below the double line in each article 
appear the data. We generally enter the data 
in exactly the same units as given by the 
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authors. (This ia done primarily to facilitate 
the verification of the data.) If we do alter 
the data in any way, we indicate this fact by 
an appropriate comment. 

Occasionally authors give the same 
data in two different forms. We punch both, 
if we feel that both forms are useful, and 
display them side-by-side in the listings that 
follow. 

We have tried to be particularly careful 
about including systematic errors, whenever 
given by the authors. In some cases it is 
quite unclear from the original article and we 
have had to contact the authors directly. 

Another reason for contacting authors 
has been to get tables of data that correspond 
to the unpublished graphs. If we arounable 
to gat tables from an author, or if the article 
is more than a couple of years old, we r-̂ ad 
the data off whe published graph, and tl.en 
include the warning that "these data were read 
from a graph." (In some cases the tables we 
received have been more up to date than the 
published graphs.) 
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m ORMATIQN OF I H E Y * H L 6 1 6 I AND V « 1 ( 1 T 0 0 ) I N KOL «> I N T E R A C T I O N S . ' T i T S . L E T T F r S 2 9 6 . SB l U j & £ t I 

l . - l . p l . i l f t c n g F ! i ) . G . f t . K A L B F U ' l S C r i [ B R D C K H f v E N M A T . L A B . , U P T O N , L . I . , N . V . . U 5 A | 

ABSTRACT THE R E C E N T I V D ISCOVERED Y « l ( 1 6 1 6 l AND Y M I I T O O I RES1NANCE5 M . V E B E E * OBSERVES I N THE F M M l T t O M F A C T I O N S KOL 
P • LAMBDA P I * AND KOI P • L A * D A P I * P I O . THE HASS VALUES OBSERVED ARt I N AGREEMENT rfTTH P R E V I O U S F X P E R I ' . F N T S BUT THE 
MIOTHS ARE NABROMEft. 

n o T ] C L E READ BV F U N 1 * 0 UCHIVAHA I N 9 / T 1 , AND V E R I F I E D B-Y JANES S . L O O S . 
I F A M I S KOL ON PROT0V FRO* . 1 TO 7 . 5 G E V / C . 
T H I S EXPERIMENT USES THE C M 1 0 I N . HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 3 0 0 0 0 P I C T U R E S ARE « E P 0 » T E ) C N . 
GENERAL COMMENTS ON T H I S A R T I C L E 

I THOUGH THE FLUX SPECTRUM I S KNOWN TO BE L I N E A R , I T I S NOT KNOWN. NO O J H SECTION I S G I V E N . R MAXIMUM L I K E L I H O O D F ] T 
H I S DETERMINED THE MASSES H AND W I D T H G TO BE <* - LS19 * - 3 , G •- 3 0 • - ; 0 POTl ' H E V * l ( 1 6 1 6 1 AND M > 1 6 6 2 + - 2 , G • 
2? • - 10 M f i V / C » « 2 FPR THE Y * l f l T O O ) . I N THE MAJ.INUM L I K E L I H O O D C A I . C U L I T ' . W T f E "ASSES AND WIDTHS WFRE V A R I E D . A 
L I N E A R FLUX SPECTRUM S T A R T I N G FROM ZERO AT EP ICENTER OF MASS ENERSYI • 1 . 5 1 GEV M U L T I P L I E S THE TWO S-WAVE & > E I T 
WIGNER CURVES. THE RANGE OF THE SPECTRUM 1NCLU0E0 WAS FROM E * • 1 . 5 5 ' 0 1 , 7 2 GEV. 

KEY *OROS • HYPER1N PRODUCTION Y « 1 I 1 6 1 6 ) Y » U 1 T 0 0 > 
COKPJUNO KEY WORDS • H Y P E R J N PRODUCTION 

•W OATA PUHCHED « « T H I S A R T I C L E 

m R E A C T I O N KOL P ' « 0 i P FROM 1 , 3 TO B.O G E V / C . I P H Y S . R E V . LETTERS 2 6 , 1 C 5 3 I I V l t f I 

A . O . B R O P V , M .6 J 0 H N S 3 N , B . K E H O E , D . W . G . S . L E I T H , J . S . L D O S i G . J . L U S T E i K . » 0 R I V 1 S U , B . S . S H F N , K . M . S M I ' T F . c . w | * K E L M A N N , 
' ' B ' . T l H A R T I N O [STANFORD L I N E A B A C C E L . C N T R . , S T A N F t f t O , C A L I F . , U S A ) 

ABSTR&CV T O I A L AND D I F F E R E N T I A L CROSS SECTIONS ARE PRESENTED FOR THE REACTION KfiL • * 0 S P FRO < 1 . 3 ' n B .O GFV/C AS 
MEASURED I N AN EXPDSURE OF THE STANFORD L I N E A R ACCELERATOR CE' ITEP 4 0 - I N . MYORDCfl l ftUBBLF C * A N ' . E * TO A NEUTB»| . 3 F A M . THF 
F0RU1RD P O I N T S OF DSIGMA ( K O L > * KOS P ( / TT TOGETHER W I T H K» N ANO K- N T O T * . .IR-JSS SECTIONS APE U 5 F 0 TO O E * E R N I N F 
THE INTERCEPT OF THE E F F E C T I V E REOE-E T R A J E C r O R Y . U P H M O I • C . 4 T » - 0 . 0 4 , *Hf T-l= REGEWERATl - i l P H i ' , F P M K F I • - * 3 * - B 
O E U S E E S . 

C L " S E L Y RELATE!) REFERENCES 
T H I S A R T I C L E SUPERSEDES PART OF S K 
A N A L Y S I S OF THESE DATA ; i P H Y S . REI 

A R T I C L E REAO BY JAMES S . LOOS I N 8 / T 1 , At 13 V E R I F I E D BY FUMlVO UCHIYAMA, 
REAM I S KOI HN PROT"M F R 1 N 1 . 3 TO 3 . 0 G E V / C . 
T H I S EXPERIMENT USES THE SLAC 4 0 I N . HYOROCEN BUBBLE CHAMBER. A TCTAL 3* 2 0 0 0 0 J 3 I C T U S E S »RE RF»ORTED O I . 
GENERAL COMHENTS ON T H I S A R T I C L E 

1 THE PHALE Of THE FORWARD A H P L I T U U E I S DETERMINED PY COMPARING TO THE O P T i r . i t . B p l N T S FOUND c R O N MEASUREMENTS OF O S I C J 
* S I G M A I T W K * N ) - S I G M A I T H K - N I AT MOMENTUM VALUES WHERE DSIGMS HAS " F F N MEASURED. 

<EY MOROS • CH0S5 SECTION O I F F E R F > r ] A L ^BOSS S E C T I O N H - W 3 G F N R EG FN ER A TI " * * » N P l I T y D E P H M 1 

COMPOUND KEY V X D S • HVDKOGEN REGENERATION A M P L I r U 3 E HYDROSEN R E G E X E 3 A T I 0 N PHASE 

CROSS SECTION FOR KOL PRCTON - PROTON K O S . CFIGURE 1 ] 

THESE NUMBERS ARE FRCM S L R C - P U B - S B B , MARCH 1 9 7 L J THE NUMBERS QUOTED AHE I O E ' « I C « . TO TKTSE G I V E 1 ) I " THF i B - W E 
P U B L l C i T I O N . 

L'BORATORV 
BE*:- MOMENTUM 

^ E V / C H I L L I B A R N S ( I I N O . EVENTS 
« i S " A X 
1 . 3 1 . 6 . 6 2 7 * - .OBO T. 
1 . 6 1 . 8 . 7 2 2 . 0 B 5 T 5 
l . f l 2 . 0 . t U . 0 6 0 <>9 
2 . 0 2 . 2 . * 2 0 . 0 5 5 5 7 
2 . 2 2 . * . 2 7 7 . 0 * 5 3 8 
2 . A 2 . 6 . 2 8 7 . 0 * 5 A t 
2 . 6 2 . 8 . 2 5 0 . 0 * 0 * 0 
2 . 8 3 . 0 . 1 T 1 . 0 3 ! 27 
3 . 0 3 . 4 . 1 * 6 . 0 2 2 4 5 
3 . 4 3 . B . 0 8 6 . 0 1 8 2 3 
3 . B 4 . 2 . 1 1 5 . 0 2 1 3 1 
4 . 2 5 . 0 . 0 7 7 . 0 1 4 34 
5 . 0 6 . 0 . 0 5 4 . 0 1 2 2 1 
6 . 0 8 . 0 . 0 2 8 . 0 0 3 1 3 

1 1 ] ERRORS ARE S T A T I S T I C A L O N L Y . 

D I F F E R E N T I A L CROSS S E C T I O N FOR KOL PROTON • KOS PROTON. I FSfiijF.E it 

0A1A ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 1 . 3 TO 2 . 0 G E V . C . 

! S L A C - P U B - 9 8 B , MARCH 1 9 T U THE NUMBERS QUDTLC ARE I D E 1 T I C A I TC THOSE C H ^ N I N m £ 4B0VF 

NO. EVENTS 

. 4 0 
2 5 B . 
5 1 T . 

8 2 . 
1 2 5 . 

. T O 2 7 3 . 
3 7 3 . 

S 3 . 
9 5 . 

I 
1 
1 
1 
1 

. 0 0 

. 2 0 
. 4 0 

. . 6 0 

. . 8 0 

1 7 2 . 
2 1 5 . 
1 4 7 . 
3 3 2 . 
1 3 8 . 

« 5 . 

7 6 . 

IS THE i SQUARE O c H E I N V A R l i INT HOME IMTLPi TR. . ' ISFEft BETWEEN THE f lMCDMIN-J KOL 1 AND THE I X 0 5 I . 

1 1 ERRORS ARE S T A T I S T I C A L ONLY. 

http://OPTir.it


DIFFERENTIAL CROSS SECTION FOB KOL PfclTON - KOS PROTON. C F-IGUHE 21 

DATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FfiOM 2 . Ttl 4 . GEV/C. 

( SLAC-RUa-88a, MARCH 19TL; THE NUMBERS QUOTED ARF IDENTICAL TO THtlSF GIV 

-T D-SIG^A/D-T 
(SEV/C1«*2 UB/(GEV/CI>*2 [ 11 NO. EVENTS 

T 1 5 THE SQUARE 3 * THE INVARIANT *QH£1TU1 TRANSFER BETHEEH THE ( INCOMING KOI T AN£> THF I K 0 5 J . 

I L L ERRORS ARE S T A T I S T I C A L ONLY. 

: FERENTIAL CROSS SECTION FOR KOL PROTON • KOS P R 1 T 0 N . I FIGURE 2 1 

DATA ARE AMEFIAGEO OVER LABORATORY BEAM MOMENTUM FROM 4 . N 3 . G E V / C . 

THE NUMBERS BUOTEO ARE I D F N T K A L TO THUSE G IVFN I N THF ABU^E 

NO. EVENTS 
D-: 5IGHA/D-T 

UR/(GEV/Cl*i •Z [11 

177. .0 + - 43. .0 
73 .0 ia . .0 
35. .0 12, ,0 
32. .0 12, .0 

T IS THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE tINCOKING KOL 1 *NP THE [KOSI. 

I l l ERRORS ARE STATISTICAL ONLY. 

DIFFERENTIAL CROSS SECTION AT FIXED ANGLE FOR KOL PHOTON * K05 PROTON. (FIGURE 31 

' IS THE SQUARE 0 F THE INVARIANT MOMENTUM TRANSFER BETWEEN TH5 tlNCOMINC KOL] 

LABOR AroftY D-5ICM/0-T 
9EAM MOMENTUM 

GEV/C KB/I&6WCl-«2 111 

CLI ERRORS ARE STATISTICAL ONLY. 

HE °MA$e flf THE FORWARD * H " l i r u D e FOR KOL 3R0TOH • K05 oaoTON. [TABLE 11 

Ifi-lPIN l>IVASIANCE AND THE OPTICAL THEOREM ARE H I " TO GFT THE IMAGINARY PART OF THE AMPLITUDE n CALCULATE ' 

Ifi II 

ARTICLE R€AD BY =Ut|TT UtM|YA«A IN 10 /71 , AMD VEJI ' I ^D BY JAMES 5. L03S. 
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HE .MAGNITUDE OF THE M 3 0 I H E 0 REGENERATION A M P L I T U D E , A B S < F ) , FOR KOL PROTON • PROTON K O S . I "AGE « l 

DATA ARE AVERAG=D OVER THETA f M H . 0 0 0 0 TO . 0 0 2 6 R A O I A N S . THETA I S THE ANGLE THAT THE KOS MAKES MI TH THE BEAM I N THE 

THE PHASE I F THE FORHARO AMPLITUDE FHR KOL PROTON • PROTON K O S . I PAGE 5 1 

DATA ARE AVERAGED 0VEF1 THETA F 1 0 H , 0 0 0 0 TO . 0 0 2 8 R A M A N S , THETA I S THE ANGLE THAT THE KOS '"AXES W I T H THE BEAM I N THE 
LAB. 

LABORATORY PHASE 
BEAM MOMENTUM 

G E V / C OEGREES 
M I N MAX 

3 . 1 0 . - 1 0 1 . « - 4 2 . 

REGENERATION OF K O I MESONS AND THE K O I - K 0 2 MASS D I F F E R E N C E . I P H Y S . R E V . 1 4 0 , B 7 * 1 1 9 6 ! I ] 

• [ • H . C H R I S T E N S T f . J . W . C R O N I N , V . L . F I T C H , R .TURLAY ( P R I N C E T O N U N I V . . P R I N C E T O N , N . J . , U S A ] 

ABSTRACT WE HAVE S T U D I E D THE REGENERATION 0? K O I ME S INS U S I N G A SEAM OF K02 MESONS PRODUCED AT T H E BnOOKKAVEN A G S . THE 
K D I MESONS HERE DETECTED W I T H A P A I R OF HAGNET-SPARK-CHAMBER SPECTROMETERS THAT MOMENTUM-ANALYZED THE Two DECAY P I O N S . 
A TEST OF THE COHERENCE OF THE T R A N S M I S S I O N REGENERATION I S MAOE BY COMPARING THE Y I E L D S FROM H A L F - AVD F U L L - D E N S I T Y 
C1DPER REGENERATORS. THE K 0 1 - K 0 2 MASS D I F F E R E N C E MAS MEASURED W I T H A REGENERATOR C O N S I S T I N G OF TWO P I E C E S OP COPPFR 
SEPARATED BY A VARIABLE A I R G A P . T H I S METHOD I S INDEPENDENT I F ALL NUCLEAR S C A T T E R I N G PARAMETERS AND Y I E L D S A MASS 
D I F F E R E N C E I"IF 0 . 5 3 • - 0 . 1 0 I N U N I T S OF H / T A U O I IUHERE T A U ( l ) I S THE K O I MEAN L l F E I . DATA TAKEN W I T H S INGLE COPPER 
REGENERATORS OF VAR10JS THICKNESSES Y I E L O MASS DIFFERENCES C O N S I S T E N T W I T H T H I S MEASUREMENT. MASS D I F F E R E N C E S LARGER 
THAN 1 . 0 ARE STRONGLY REJECTED BY OUR D A T * . THE FOB MAR ID REGENF- J T I O N CROSS SECTIONS F I R C , C U , F E . AND H HERE "EASURED 
1HJD P i U N D 11 AGREE H I T H O P T I C A L - M O D E L C A L C U L A T I O N S . REGENERATI3N I N L I Q U I D HYDROGEN WAS ALSO I N V E S T I G A T E D AND THE 
RESULTS COMPARED H I T H THEORETICAL P R E D I C T I O N S . 

A R T I C L E READ 3Y JAMES S . LOOS I N 8 / 7 1 . AND V E R I F I E D BY FUMIYO U C H I V A H A . 
BEAM I S KOL ON PROTON FROM . 7 TO 1 . 4 G E V / C . 
T r t l S EXPERIMENT USES SPARK CHAMBERS. A TOTAL OF 1 * 0 0 0 0 P ICTURES ARE REPORTED O N , 
GENERAL COMMENTS ON T H I S A R T I C L E 

1 THE FORWARD AMPLITUDE FOR HYDROGEN 0BTA1ND I S ( 0 . 3 5 *•- 0 . 1 6 1 FERMI < 1 / 2 * ( F + ( 0 I - F - t O I K ( 1 . 6 • - 0 . 2 1 P E R " ! F O R T H E 
MOMENTUM K« l . D t 0 . 4 t - 0 . 3 G E V / C . THE M O D I F I E D REGENERATION AMPLITUDE , F » ( F f l O I - F - l 0 1 1 / K 

KEY rfORDS * COHERENT HYDROGEN REGENERATION AMPLITUDE MASS D IFFERENCE NUCLEAR 
COMPOUND KEY rflRDS • HYDROGEN REGENERAT (ON AMPLITUOE «ASS D IFFERENCE NUCLEAR REGENERATION 

NO DATA PUNCHEO FOR T H I S A R T I C L E 

P B S E R Y A T H N OF K ( L ) - K { S > REGENERATION FROM L I Q U I D HYDROGEN. I P H Y S . LETTERS 3 3 f l . * 3 3 1 1 9 7 0 1 1 

P . 0 A R R 1 U L A T , C . G R O S S O . M .HOL DE R, J . P I L C H E R , E . . U O E R N A C H E R , , . R U B 9 I A , f . S C I R E , A . S T A U D E , K . T 1 T T E L I P H Y S . I N S T . O E R 
" " I t C H . U B C H S C H U L E , AACHEN, H .GERMANY, AND EUROPEAN O R G . I i R N U C . R E S . r GENEVA, S W I T Z E R L A N D . AND U N I V . 01 T O R I N O . T O R I N O , 

I T A L Y ! 

A R T I C L E READ BY F U M I Y 1 UCHIYAMA TN 9 / / 1 , AND V E R I F I E D BY JAMES S . L O O S . 
BEAM ( S K O I ON PROTON FROM 3 TO 6 G E V / C . 
T H I S EXPERIMENT USES SPARK CHAMBERS. 
GENERAL COMMENTS I N T H I S A R T I C L E 

t A ( K i l l > P I * P I - ) / A ( K ( S I • P I * P I - ) • ( 1 . 9 5 • - 0 . O 6 ) * t O » * - 3 • E X P I I * ( * S * - * D E G R E E S ! ! I S USED TO SEPARAIE 
NON-REGENERATION 2 P I DECAY. 

KEY WORDS • HYDROGEN REGENERATION AMPLITUDE PHASE COHERENT 
COMPOUND KEY WOROS > HYDROGEN REGENERATION AMPLITUOE HYDROGEN REGENERATION PHASE 

THE MAGNITUDE OF THE M O D I F I E D REGENERATION A M P L I T U O E , A S S ( F ) , FOR 4 0 L PROTON • PROTON K O S . ( T A B L E | 1 

DATA ARE AVERAGED OVER THETA FROM . 0 0 0 0 0 TO . 1 ( 3 3 1 * R A D I A N S . THETA I S THE ANGLE THAT THE DOS MAKES H I T H THE BEAM 
THE L A B . 

LABORATORY A B S I F 1 
BEAM MOMENTUM 

GEV/C MB 

rHE PHASE OF THE f t e J A R O AMP ITUt lE FOR KOL PROTON 

LABORATORY PHASE 
4EAM MOMENTUM 

G E V / C DEGREES 

2 . 7 , - 1 3 2 . »- IT, 
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S' - P I - DECAY [ « THE CO-IHCH HYVkOGEN 3UB9LE CHAMBER. { P H Y S . R E V . LETTERS 1 6 , 5 S 6 

. C O N N . , U S A I 
L A B . , U P T O N , L . I . , N . r . . USA? 

A R T I C L E READ BY F U * 1 Y O UCHtYAHA I N B / 7 1 , AND V E H I F I E D BY JAMES S . L O O S . 
BEAM I S KOL ON PROTON FROH Z TO T G E V / C . 
T H I S EXPERIMENT USES THE BKL BO I N . HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 2 7 0 0 0 P I C T U R E S ARE REPORTED O N . 
GENERAL COMMENTS QN T H I S A R T I C L E 

1 SEE ALSO HYDROGEN BUBBLE CHAMBER STUDY OF K I L t 06CAYS AND K I S ) REGENERATION 6Y A . F I R E S T O N E , P H . D . T H E S I S , YALF 
U N I V E R S I T Y . 

2 BEAM SPECTRUM PEAKS NEAR 5 G E V / C . 
KEY HOBOS • CROSS S E C T I O N D I F F E R E N T I A L CROSS S E C T I O N WEAK I N T E R A C T I O N MEASUREMENT HYDROGEN 

REGENERATION A M P L I T U D E 
COHPDUND KEY WORDS • HYDROGEN REGENERATION AMPLITUDE 

D I F F E R E N T I A L CROSS S E C T I O N FDR KOL PROTON • PROTON KOS- ( F I G U R E S I 

KOS * P I » P I - 1 1 1 

LABORATORY BEAM MOMENTUM • J . ( * l 2 . 1 - ) 3 . G 6 V C . 

- • • T H E S E DATA HERE READ FROM A GRAPH*»» 
- T 

( G E V / C 1 * * Z 
D - S 1 C 4 A / D - T 

U B / ( G E V / C ) " 2 
6 0 . 5 0 * - 1 ^ . 0 0 
3 1 . 0 0 1 1 . 0 0 
1 5 . 1 0 7 . 0 O 
1 1 - 5 0 6 . 5 0 

7 . 5 0 f . f O 
3 . 9 0 3 . 9 0 
3 . 7 5 3 . T 5 

T IS THE SQUARE HF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [INCOMING KOLI ANO THE (KCSI. 
I D SELECTED TN THE BASIS IF KINEMATIC FITTING. 

• F E R E N T I A L CR-1SS S E C T I O N FOR KOL PROTON •• PROTON K O S . [PAGE Z ) 
KOS - P I * P I - t l ] 

LABORATORY BEAM M3HENTUM • 5 . I * ) 2 . ( - ) 3 . G E V / C . 

T 15 THE SQUARE ">F THE I N V A R I A N T MONENTU* TRANSFER BETWEEN THE M N C D H I N G KOL 1 AND THE I K O S | . 

CROSS SECTION FOR KOL PROTON 

LABORATORY 
BEAM ^O'lENTU'* 

G E V / C MICROBARNS 
5 . • 2 . * f r . O * - 1 0 . * 

- 3 . 

I l l SELECTED TN T I E B A S I S I F K I N E M A T I C F I T T I N G . 

!H . 0 2 I N T E R A C T I O N S , DECAYS AND REGENERATIVE PROPERTIES AT 5 9 0 MEV/C M L I Q U I D HYDROGEN. I P " Y S . " E V . I ' t . l * » * ( 1 9 ' , T I 1 

• J . B . H A W K I N S I Y A L E J N | V . . NE J H A V C ' i , C O N N . , U S A I 

ABSTRACT AN E A R L I E R EXPERIMENT HAS REPORTED AN ' * N O M A L 0 U 5 < COHERENT RFGENE«»T I > E PRODUCTION OF KOI MFSONS I N L I Q U 1 0 
HYDROGEN. ' H E t F F E C T I S RE INTERPRETED I N TERHS OF 4 CONSTRUCTIVE I N T E R F E R E D BETMFE^ C O N V F N t n N A L REGENERATIVE 
AMPLITUDES AND THE C P - V I D L A T I N G DECAY K 0 2 • 2P1 . EXPERIMENTAL SUPPORT I S G I V E N . FRO" NEW OATA, TMF K02 BRANCHING RAT IO 
I K 0 2 • P I MU N U I / < K 0 2 • P I E NUI HAS BEEN MEASURED TO BE 0 . •» « - 0 . 2 , RESULTS ARC PRESENTED ON THE DFCAV K02 * P | » P l -
PIO AVD ON 1HF S T R 3 N G - I N T £ R A C T I D N REACTIONS 6ETWEE1 K C i "eSONS 1N0 PR:jT-)NS »T ? S 0 M E V / C . 

A B T J c L t READ BY FUM1Y0 U C H . Y t H A I N 1 0 / 7 1 , AND V E R I F I E D BY JAMES S . L O O S . 
BEAU I S KOL CH « « O T T I AT . 5 9 G E V / C . 
T H I S EXPERIMENT USES THE BNL I * I N . HYOA0GFN 3U3SL€ CHAMBER. A TOTAL OF 2 ' 6 0 0 0 P ICTURES ARE REPORTED O N . 
GENERAL CHMMENTS ON T H I S A R T I C L E 

1 R I K I - - - A I S W A S R A T I O I t ( K | - - - H Y P E R 0 N R A T l n I K — - K O L MOMENTUM I N MEV/C R I 2 2 M « 0 . f c T * - 0 . 2 1 . R I 3 6 0 I » 0 . » * > * - 0 . 1 * . 
f>UOOfO,*br-0,lt. , E i 2 2 5 ) ' 0 . 3 3 * - 0 . 1 A E ( 3 « 0 > - 0 . 1 9 » - 0 . o r , E < « 0 0 1 - 0 . 3 2 > - 0 . 0 < ) , R F « D FRO 1* F I G . 3 AND i. . PAt.F 2 3 9 . SFF 
ALSO P " . 7 , 2 2 8 ( 1 9 6 1 1 

KEY WORDS • CROSS S E C T I O N ANGULAR D I S T R I B U T I O N HYPE ROM PRODUCTION HYCRDGFN R E G F N F R » T | n N 
AMPLITUDE WEAK I N T E R A C T I O N MEASUREMENT 

COHPOUNO KEY WOROS • HYPERQN PRODUCTION MYDRDGEN REGENERATION AMPLITUDE 

.AfiORATOR' 1 EE a* M IM| 

REACT mu 
KOL PRCTf ,N . 

PHOTON 
LAMBOA P I * 
5 I G H A 0 n* 
LAMBDA P I . P I O 

, 5 9 • - . 0 5 G E V / C , 

M J L I I 8 I R N S N C . EVENTS 

THE CROSS SECTIONS ARE "ECALCULATED BY READER USING UP-DATED O L L r * F T l M f * . I TxtO**(-ti I S f (. 
THE CROSS SECTIONS ARE R E C A l ' U L A T E D AY READER U S I N G J P - D A T E D KOL L I F E l l M f 5 . 1 7 > I I 0 " ( - B i S E C . THE S T A T I S U n 
ERROR I S CALCULATED BY READER. 
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DIFFERENTIAL CKOSS SECTION FOR KOL PROTON * LAMBDA P I * . 

• • • T H E S E DATA HERE READ FROH A GRAPH** * 

COS(THETA) 

A IS THE ANGLE THAT THE P I * HAKES HITH THE BEAM I 

COUNTS HEME HULTIPLIED BV . 261 TO GET THESE. 

DIFFERENTIAL CRJS3 SECTION FOR KOL PROTON » S 

,59 * - .05 GEV/C. 

•••THESE DATA HERE HEAD FROH A GRAPH*'* 

C05ITHETAI 3-S1G" VO-CflSITHETA) 
;* i n 

HIN MAX 
- 1 . 0 - . 8 . J • - .£ 

NO. EVENTS 

THETft IS THE AISLE THAT THE P I * NSfiES HITH THE BEAN [N THE GRAND C.N. 

I l l COUKTS MERE HULTIPLICO BV .137 TO GET »HFS?. 

DIFFERENTIAL CROSS SECTION FOR KOL PROTON • PROTOH KOS. (FIGURE 38) 

LABORATORY BEAf HOMENTUH • .59 • - .OS GcV/C. 

• • • T H E S E DATA MERE READ FRON A GRAPH* • • 

COS! THE T i l D-SIGMA/D-C15ITKETA1 

T H I U IS THE ANGLE THAI THE O S MAKES WITH THE «FAH IN THf G»A*0 C.« . 

M l COUNTi MERE tULTIPLIEI »» . l » 0 TO GET THESE. 
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K02 P INTERACTIONS AT LOM HOME"rUX. I PUTS* KEV. LETTERS I T . *99 *12UJ 1 

, Y.OREN, G.GOLDHABER* 5.GOLDHA8EA, C M . TRILL ING 1 >t.C. LAURENCE > W . 

ABSTRACT AN ANALYSIS IS GIVEN DP A83UT 1200 K02 P INTERACT |1NS TF TME »¥"*5 t **«D»0 • ! • . SIGNAO » ! • , eifi «nl £• ( t i 
MEAN K02 HOMENTUH OF 100 HEV/C. THE DELATION BETJEEN I-.tfSF REACTIONS ANO iw; « A T I ( » | N C ICNClHS F»n» « . i -n .•-
EXPERINENTS IS DISCUSSED, AND A SUBSTANTIAL P HAVE IS REPnatFO IN THE LMBPAO " I * REACTION, 

ARTICLE READ BY FU-ITD UCHtVANA IK 9 / T l . A NO VERIFIED BV JANES S. LOOS. 
BEA- 13 KOL C¥ M 9 T M AT . 3 GEV/C. 
THIS EXPERIMENT USES THE LAI 25 I N . KTOROCEN BUBBLE CHAMBER. 
GENERAL CtMHENTS ON !N»* "TICLE 

L WAITING Flit THE PUBLICATION KITH HIGHER STATISTICS. 
Z RIK1---6tSNAS RATIO I EIKI HYPERON RATIO \ K KOI PKHENTU- IN H«V/C 0 O - 2 0 0 L 0 . e>* -0 .01 ,» t20>2*OI • 0.2**"3.0». , 

R(2SO-3OOI-O.3S+-O.03,R(3OO-*OOI"O.*0»-O.«,R(>*00l"0.5)*-O.l . ((O-JOOl-O. JS»-0 .01 ,E I200 -2 , n l -0 .» * »-0.1T. 
E (25O-30O|O.32* -O ,0 * f f i :>O9^D0f>O.3* * -0 .» ,F l>«6QIO, * I * -O .O6 . TAKEN FRO* 1ABLF I PACE 6 0 1 . 

KEY MOKDS • ANGULAR D I S T R I B U T I O N HVPERON PKTOUCI ION M SMAS R A M I PARTIAL MAVF A'JALTMS 
COMPOUND KEY WOFTOS - HVPERON PRODUCTION HYP[HON *AT 1 0 

D IFFERENTIAL F H O S I SECTION FDR KOL PHOTON • LANBDA P I * , (F IGURE I I 

. 1 6 CEV/C CREAM VALUE I . 

• • • T H E S E DATA JERE READ FROH A GRAPH** * 

COS(THETA) NO. EVENTS 

THETA I S THE ANILE THAT THE LAMBDA MAKES H I T H M E BEAN I N *«E c»««j c , - . 

DIFFERENTIAL CROS' SECTION FOR KOL PRuTM • LAMBDA P I * . I t I G U U 

- « • CfV/C I* I1M VALUft. 

• ••THESE DATA MIRE *fAv « C t A GRAI 

CQ5ir<tfrit MO. ivmn 

T.IEl* 11 *>H ANSI I THAT TMI l U I O t " M I S M|T« THf |fAM |<l T*( &AAKO E.M, 

'F|A(NltAL CAOSt itCTICm PDA SOL PAOrffil . t*"10» » ! • . t ' l S W T 1 

.719 CfV/C IRIA1 VALUtl. 

• • • ' M ' S ( DATA * f » f «(Af> »AC" A C*W**«» 

:OilT«|T»t NO. ««*'|T1 

f « f f * I ) fuf A « t ( f>UI *Hf 1 U W I NAKfl M|To 1-4 • ! * • |H T«( SAAXtt C.M. 

CI " ( • ( • > ' I I I . CAOli . f C t t D l F3« KM. « P « > I * tA"iCA * | « , tH$Wt 1 

>• GIB/C t « * M » M U M . 

It A i«A| *f»B «".3" A « » « • " 

U *Hf A l i l f TM»r Irt I l» -«J» MAKES WITH THE *fJ« I 
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DIFFERENTIAL CROSS SECTION FQK KOI PROTON - L J W B M P I * . IFIGUAE 31 

, 4 6 GEV/C (MEAN VALUE). 

•••THESE DATA HERE READ FRO* A GRAPH*** 

COSITHETA) « n . EVENTS 

THETA IS THE ANGLE THAT THE LAMBDA HAKES WITH THE BEAM IK THE GRAND C.» 

GO' (*>H«. AEV. tEITEBS 19, 10T4 

[YALE UNIV . . NEW HAVEN. CONN.. USA I 

THIS IS AN ANALYSIS OF PREVIOUSLY PUBL1SNEO DATA. 

ARTICLE REAO BY FUHIVO UCHIYAHA I N 9 / T 1 , AND VERIFIED BY JAKES S . LOOS. 
BEAM W. 1 IS KGL ON PHOTON FROM . 0 TO . ! GEV/C. 

NO. 2 IS K- ON PROTON FROM , 0 TO .5 GEV/C. 
THIS EXPERIMENT USE3 BUBBLE CHAMBERS, 
GENERAL COMMENTS ON THIS ARTICLE 

L A PHASE SHIFT ANALYSIS I S PERFORMED FOR THE DATA OBTAINED BY HRTSON, ET AL. . IPNYS. REV. I 3 [ , 2246 ( 6 3 H »<ib ADYK. 
AL. <PHTS. REV. LETTERS I T , 5 9 9 ( 6 6 ) 1 , USING THE <4ULT 1CHANNEL EFFECTIVE RANGE &ARANETRIIATION PF RiSS AND SHAH. 

KEY WORDS • PARTIAL WAVE ANALYSIS 

NO DATA PUNCHED FOR THIS ARTICLE 

ANOMALOUS KEGENERATIJN OF KOI MESONS FRQH K02 MESONS. CPHYS.. REV. 132 . 228* < 1 9 H 1 1 

. USA] 

ABSTRACT A BEAM OF l .O-BEV/C K02 MESONS PASSING THROUGH LIQUID HYDROGEN IN A BUBBLE CHAMBER WAS SEEN TO iiFNERATE KOI 
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I l l EXTDAPOLATED POINT. 
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CROSS SECTION FOB KCIL PROTON • NEUTRON K*. I PAGE 2?S 

CPT 1NVAB|ANCE IB A5SUMED TO OBTAIN THIS CROSS SECTION 

jToETTPJ, o.SriFPARD, J.SOLOMON I PR INCETON-PENN. PROT3N ACCEL., PAINCETOY, V.J..USAJ 
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BcA* IS KJL nf PROln-J FR?M . I t 8 TT .343 GEV/C. 
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K°. -nucleon experiments in progress 

We list for the convenience of the reader the following experiments, 
which are either being run or are being analyzed and for which 
publication may be forthcoming in the near future. 

Institution Spokesman' s 
name beam 

(GEV/c) 
Target Technique Interactions studied 

SLAC 

DESY, Heidelberg, 
Tel-Aviv 

Serpukhov, DubnaC 

D.W.G.S 
Leith 

E. Burkh&rdt 

I. A. Savin 

H.D. Taft 

1-iO 

0.7-2.5 

10-40 

Carnegie-Mellon, 
ANL. Iowa State 

R.M. Edelstein 0.5-1.5 P 

LRL b J.A. Kadyk 0.1-0.5 P 

Pittsburgh* Maesa- G. Engels 4-10 P 
chusetts, Northwestern, 
McGill 

HBC Two-body, quasi-two-
body, and multiparticle 
production 

I'BC Two-body and quasi two-
body emphasis on S=-l 

WSPK Magnitude and phase of 
coherent regeneration, 

DBC Coherent regeneration of 
K%., coherent production 
of^K* and Q mesons 

WSPK K ° p - * K + n , | t | * 0.25 (GeV/c) 2 

HBC 

OSPK 

1=1, S=-l final state 

Magnitude and phase of 
coherent regeneration, 
K | p - , K * p 

k 3LAC-PUB-823, November 1970. 

See reference 8 in this book for a partial report. 

c Phys . Letters 38B, 452 (1972). 

HBC: Hydrogen bubble chamber 
WSPK: Wire spark chamber 
DBC: Deuterium bubble chamber 
OSPK: Optical spark chamber 



54 

Momentum Index 

BEAH MOMENTUM 1ST AUTHOR JOURNAL VOLUME,PAGE INSTITUTIONS DETECTOR YEAR PUBLISHED REF .NR. 

. L60 KADYK PRL L7 5 9 9 LRL HBC 66 A 

. 1 6 8 SAYER PR 169 1045 UNO PPPA CNTR es 13 

. 177 SAYER PR 169 1045 UMD PPPA CNTR 68 13 
- 1 8 7 SAYER PR 169 1045 UMD PPPA CNTR (•a 13 
. 197 SAYER PR 169 1045 UHD PPPA CNTR 68 13 
. 2 0 9 SAYER PR 169 1045 UHD PPPA CNTR 68 13 
. 2 2 3 SAYER PR 169 1045 UHD PPPA CNTR 6 8 13 
. 2 2 5 LUERS A I X CONF 235 S.NL HBC 6 1 11 
. 2 2 5 KADYK PRL 17 599 LRL HOC 6C -3 
. 2 3 9 SAYER PR 169 1045 UHD PPPA CNTR ea 13 
. 2 5 8 SAYER PR 169 1045 UMD PPPA CNTR 6 8 13 
. 2 7 5 KADYK PRL 17 599 LRL HBC 66 8 
. 2 6 1 SAYER PR 169 1045 UMQ PPPA CNTR 6 8 13 
. 3 0 0 BLUMEMFSLD PL 29B 58 BNL HBC 6 9 1 
. 3 0 8 SAYFt; PR 169 1045 UHD PPPA CNTR 68 13 
. 3 4 0 KADYK PRL 17 599 LRL HOC 66 8 
. 3 4 3 SAYER PR 169 1045 UHD PPPA CNTR 6 8 13 
. 3 6 0 LUERS A I X CONF 235 BNL HBC 61 11 
, 3 8 5 MEiSNER PR 0 3 2553 LRL UNC LRL HBC T I 12 
. 4 6 0 KAOYK PRL 17 599 LRL HBC 6 6 8 
. 5 0 0 LUERS A I X CONF 235 BNL HBC 6 1 11 
. 5 0 0 K I 1 PRL 19 1074 YALF. HBCS 6 7 9 
. 5 27 MEISNER PR D 3 2 5 5 3 LRL UNC LRL HBC 7 1 12 
. 5 9 0 HAWKINS PR 156 1444 YALF HBC 67 7 

. 7 0 0 CHRISTENSO PR 140 B T* PRIN SPRK 6= 4 
1 300 LE1PUNER PR 132 22 65 BNL YALE HBC 6 3 10 
1 .400 CHRISTENS3 PR 140 B 74 PRTN SPRK 65 4 
1 . 4 * 0 BRODY PRL 26 1050 SLAC HBC 7 1 2 
1 .500 BRQDY PRL 26 1050 SLAC HBC n 2 
1 .650 BRODY PRL 26 1050 SLAC HBC 71 2 
1 .700 BRDDY PRL 26 1050 SLAC HBC 7 1 2 
1 .900 BROOY PRL 26 1050 SLAC HBC ' I 2 
2 . 1 0 0 BRODY PRL 26 1050 SLAC HBC 7 1 2 
2 . 3 0 0 BRODY PRL 26 1050 SLAC HBC 7 1 2 
2 . 5 0 0 OARHIULAT PL 338 4 3 3 AACH CERN TOR! SPRK 70 
2 . 5 0 0 BRODY PRL 26 1050 SLAC HBC 71 2 
2 . 6 5 0 BROOY PRL 2b 1050 SLAC HBC 7 1 2 
2 . 7 0 0 BROOY PRL 26 1050 SLAC HBC 7 1 2 
2 . 9 0 0 BROD* PRL 26 1050 SLAC HBC 71 2 
3 . 0 0 0 BRODY PRL 26 1050 SLAC HBC 71 2 
3 . 2 0 0 BROOY PRL 26 1050 SLAC HBC 71 2 
3 . 5 0 0 0ARR1ULAT PL 33a 433 AACH CEPN THR] SPRK 7 0 = 3 . 5 0 0 BRODY PftL 26 1050 SLAC HBC 71 2 
3 . 6 0 0 8R3DY PRL 26 1050 SLAC H1C 71 2 
4 . 0 0 0 BRDDY PRL 26 1050 SLAC HBC 71 2 
4 . 5 0 0 DARFU'JLAT PL 333 433 AACH CERN TORI SPRK 7 Q 
4 . 500 BROJY PRL 26 1050 SLAC HBC 7 1 2 
4 . 6 0 0 BROOY PRL 26 1050 SLAC HBC 71 2 
f .OOC FIRESTONE PRL 16 556 fALE BNL HBC 66 6 
5 .50C BR MY PRL 26 1050 SLAC HBC 7 1 2 
6 . 0 0 0 QARR1ULAT PL 33a 4 3 3 AACH CERN TORI SPRK 7 Q c 

6 . 0 0 0 BRODY PRL 26 1050 SLAC HBC " ' l 2 
6 . " 0 0 BUCHANAN PL 37B 213 UCLA JHOP SLAC SPRK 7 1 3 
7 . 0 0 0 BROOY PRL 26 1050 SLAC HBC U 2 
7 . 5 0 0 BLUMEN^ELO PL 298 58 B i t HPC 69 1 
a. ooo BRODY PRL 26 1050 sue HBC 71 Z 
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