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S u m m a r y .  Elastic and inelastic 19.8 GeV/c proton-proton collisions 
in nuclear emulsion are examined using an external  proton beam of the 
CERN Proton Synchrotron. Multiple scattering, blob density, range 
and angle measurements give the momentum spectra and angular distri- 
butions of secondary protons and pions. The par t ia l  cross-sections cor- 
responding to inelastic interactions having two, four, six, eight, ten and 
twelve charged secondaries are found to be, respectively, (16 .3•  
(11.5 • 6.0) mb, (4.3 • 2.5) rob, (1.9 • 1.3) mb, (0.5 • 0.5) mb and 
(0.5• mb. The elastic cross-section is est imated to be (4 .3 •  
The mean charged meson mult ipl ici ty for inelastic events is 3 .7•  and 
the average degree of inelasticity is 0.35• Strong forward and 
backward peaking is observed in the center-of-mass system for both 
secondary charged pions and protons. Distributions of energy, momentum 
and transverse momentum for identified charged secondaries are pre- 
sented and compared with the results of work at other energies and with 
the results of a stat ist ical  ~heory of proton-proton collisions. 

I .  - I n t r o d u c t i o n .  

A la rge  n u m b e r  of emu l s ion  e x p e r i m e n t s  h a v e  been  p e r f o r m e d  in  wh ich  

p r o t o n - p r o t o a  i n t e r a c t i o n s  in  t he  e n e r g y  r a n g e  f rom I to  30 GeV h a v e  been  

e x a m i n e d .  H o w e v e r ,  r e l a t i v e l y  few h a v e  a t t e m p t e d  a d e t a i l e d  ana lys i s  of 

s econdar i e s  f rom such col l is ions for  b o m b a r d i n g  energies  g r e a t e r  t h a n  a b o u t  

9 GeV. W e  r e p o r t  in  th i s  p a p e r  an  e v a l u a t i o n  of t he  p r o p e r t i e s  of p r o t o n -  

p r o t o n  col l i s ions  ut  19.8 GeV/e  in  hopes  t h a t  i t  m a y  y i e l d  i n f o r m a t i o n  a b o u t  

(') Assisted by  a grant  from the National  Science Foundat ion.  
('*) NDEA predoctoral  fellow. 
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the fundamental  processes of inelastic nucleon-nucleon interactions and on the 
structure of the nucleon in this energy region. Results are obtained which 

include the elastic and inelastic cross-sections, the distributions of kinetic 
energy and scattering angle in the center of mass system for identified charged 
secondary particles from inelastic events and the distribution of transverse 
momentum for secondary protons ~nd pions. These results ure compared with 

the results of work at other energies and with the results of a statistical nmdel 
of pro.ton-proton collisions. 

2. - E x p e r i m e n t a l  procedure.  

2"1. Exposure and scanning. - A stack of 20 Ilford K-5 emulsion pellicles, 
each approximately 13 cm • 20 c m x  600 ~m, was exposed to an elastically scat- 
tered, external proton beam of the CERIq proton synchrotron. The nomim~l 
momentum of the beam, as it entered the stack, was determined by magnetic 
analysis (1) to be 19.8 GeV/c. 

The plates were scanned by following individual beam tracks using • 100 

objectives and x 10 eyepieces. Of the entire t rack length examined, 40 ~ o was 
f~)llowed by a rapid (( motion picture ~> scanning technique, whereby the image 

of a beam track appears as a (( blur )) in the field of view as it is followed, while 
the remainder was followed more slowly. The angle of the beam tracks with 
respect to the plane of the emulsion was such that  a single track could be 

followed about 8 cm from its point of entry in the emulsion. 
The interactions located were divided into three classes as follows: 

i) Stars (events which exhibit obvious evidence of a collision with a 
heavy emulsion nucleus such as u recoil blob or low energy electron, or for 
which the kinematics are not consistent with those of a proton-free proton 

collision). 

ii) Clean odd-prong events (no evidence of the type listed under i) and 

an odd number  of charged secondaries). 

iii) Clean even-prong events (no evidence of the type listed under i) 

~nd an even number of charged secondaries). 

Clean odd-prong events include collisions of beam protons with bound neu- 
trons with no visible excitation of the residual n~cteus an~i diffraction scattering 
of beam protons by heavy emulsion nuclei with no visible nuclear recoil. Clean 
even-prong events include collisions of beam protons with free protons and 

bound protons ~dth no visible excitation of the residual nucleus. 

(1) Exposure, development und momentum ~nalysis kindly furnished by the CERN 
emulsion group. 

Y~ 
*r 
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2"2. Experimental analysis o] events. 

2"2.1. D e t e r m i n a t i o n  of  t h e  n u m b e r  of  f r e e  c o l l i s i o n s .  - The 
contribution of proton-bound proton collisions to the number  of clean even 
prong events may  be est imated by assuming that  interactions of beam protons 

are equally probable with bound neutrons and bound protons and that  the 
same fraction of all events of either type will be classified as <~ clean )>. The 
fraction of clean even-prong events which are collisions with free protons is 
given by 

(1) F = 1 - -  No/3,re, 

where N is the total  number of clean odd-prong events, corrected for pos- 
sible contribution of diffraction scattering from heavy nuclei, and N+ is the 

total  number of clean even-prong events. 
Protons diffracted by heavy emulsion nuclei should have scattering angles 

of the order of 2/R, where ,~ is the wavelength of the incident proton in the 
center of mass system and R is given by 1.2A~.10 - lacm.  For  the compo- 

sition of emulsion and the energy of the present experiment, this leads to an 
expected laboratory scattering angle, projected in the plane of the emulsion, 
of the order of 30' for most  scatterings of this type. Although the rapid 

scanning yielded one elastically scattered proton with a projected angle of 16% 
it is apparent  tha t  the detection efficiency drops rapidly to zero for angles 
less than 30', and it is therefore assumed that  such diffraction scattering makes 
a negligible contribution to the total  number of clean odd-prong events de- 

tected by this method. 

2"2.2. E l a s t i c  p r o t o n - f r e e  p r o t o n  i n t e r a c t i o n s .  - The following 

criteria were applied to the clean even-prong events with two charged secon- 
daries in order to estimate the number  of elastic proton-free proton collisions: 

(2) 

(3) 

los - -  tg -~ (ctg O,~/F~) I < 1.0 ~ 

[AO~ 1.0 ~ , 

where 0 s is the laboratory scattering angle of the scattered proton, 0R is the 

laboratory scattering angle of the recoil proton, Yc relates to the center of 
mass system velocity in the laboratory,  and A0c is the angle between the scat- 
tered proton track and the plane defined by the incident and recoil protons. 

The space angles of the secondary protons were determined directly from 
the measured dip and projected angles, while the coplanarity of the three 

proton tracks was tested by plotting them on a 40 cm diameter stereographic 
projection calibrated in 1 ~ intervals. A Leitz goniometer permitted measure- 
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ment  of the pro jec t ion  of sca t te r ing  angles in the plane of the  enmlsion to 

wi th in  0.5 ~ . Dip angles were de te rmined  to wi th in  0.5 ~ by  measur ing  the 

change in dep th  of a t rack  toge ther  wi th  the corresponding pro jec ted  t r ack  

length. 

2"2.3. I n e l a s t i c  p r o t o n - p r o t o n  c o l l i s i o n s . - M e a s u r e m e n t s  of nml- 

t iple  scat ter ing,  blob dens i ty  and range were made on secondaries f rom all 

clean even-prong events  which were not  classified as elast ic  scat ter ings .  F o r  

t racks  which did not  come to rest  in the emulsion, a de t e rmina t ion  of the 

i den t i t y  and energy was made  by  sca t te r ing  and blob dens i ty  measurements  

according to the  method  out l ined by  KALBACH et al. (~). Because of the grea t  

d i f f i cu l ty  in dis t inguishing K-mesons by  this technique,  all secondaries were 

classified as protons  or pions a l though the presence of other  p~rticles among 

the secondaries cannot  be excluded.  

Mult iple  sca t te r ing  measurements  were made on a K o r i s t k a  MS-2 scat-  

ter ing stage by  the method  of second differences. In  order to eva lua te  the 

cont r ibut ion  of noise and spurious scat ter ing,  measurements  were made  on 

beam proton  t racks.  B y  sub t rac t ing  the known cont r ibu t ion  of Coulomb scat- 

te r ing  to the resul t ing second differences, corrections are ca lcula ted  which m a y  

be appl ied  to the measurements  on secondaries.  Table  I gives the second 

differences which resul t  f rom the combined effect of spurious sca t te r ing  and 

noise. The combined second difference due to spurious sca t te r ing  and noise 

for 1000 ~m cells corresponds to the  Coulomb sca t te r ing  for a m o m e n t u m  

t imes veloci ty  of ~ 9 GeV. 

TABLE I. -- Second di]]ere~tces due to noise o~d ,~purious scatterit~g. 

Cell length, ~m Second difference, y.m 

250 0.0853 
'500 0.0896 

1 000 0 .157  

Secondaries which come to rest  in the emulsion were identif ied by  their  

character is t ic  t r ack  endings and the i r  energies were obta ined  by  range meas- 

urements .  
All  computa t ions ,  including the analysis  of mul t ip le  sca t ter ing  da ta ,  par-  

t i d e  identification~ and t rans format ions  of momen ta  and angles to ti le center-  

of-mass system, were carr ied out  on an IBSI  650 electronic computer .  

(2) R. M. KALBACH, J. J. LORD and C. H. TSAO: Phys. Rev., 113, 330 (1959). 
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3 .  - R e s u l t s .  

3"1. Results  o] scanning. - A t o t a l  of 457 m of b e a m  t r a c k  was  fo l lowed,  

a n d  904 n u c l e a r  i n t e r a c t i o n s  of a l l  t y p e s  were  o b t a i n e d ,  w i t h o u t  c o r r e c t i on  for  

s c a n n i n g  efficiency.  A s u m m a r y  of t h e  r e su l t s  of s cann ing  b y  t h e  two  t echn i -  

ques is g iven  in  T a b l e  I I .  These  r e su l t s  i n d i c a t e  t h a t  r a p i d  s cann ing  p r o v i d e s  

t he  m o r e  sens i t ive  m e a n s  of d e t e c t i n g  c lean  even t s  u n d e r  t he  cond i t ions  of 

t h e  p r e s e n t  e x p e r i m e n t ,  a n d  the re fo re ,  t he  r e su l t s  of c ross - sec t ion  d e t e r m i n a -  

t ions  g i v e n  in Sec t ions  3"3 a n d  3"4 are  b a s e d  e x c l u s i v e l y  on th is  p o r t i o n  of 

t he  d a t a .  

T A B L E  I I .  Comparisott o] the two scantd~tg methods. 

! Number  of charged 
i 
I secondaries 

I 
I 
! 1 

2 
3 
4 
5 
6 
7 
8 
9 

l0 
l l  
12 
13 
14 

Rapid scanning 

29 
43 
26 
24 

2 
9 
3 
4 
1 

1 
0 
1 

0 
0 

Slow scanning i 

23 
16 
12 
18 
5 
9 

3 
2 
0 
2 
0 
0 
0 
1 

Total  

52 
59 
38 
42 

7 
18 

6 
6 
1 

3 
0 
1 

0 
1 

Mean  free p a t h s  for  t he  t h r e e  classes  of even t s ,  b u s e d  on ly  on t h e  r a p i d  

s c a n n i n g  d a t a ,  a re  as fo l lows:  

A l l  i n t e r a c t i o n s  . . . . . . . . . .  ( 0 . 3 7 0 ~ 0 . 0 1 7 )  m ,  

Clean  e v e n - p r o n g  e v e n t s  . . . . .  (2.16 •  m ,  

Clean  o d d - p r o n g  e v e n t s  . . . . . .  (2.91 •  m .  

A g r e a t  m a n y  of t h e  c lean  even t s  l o c a t e d  b y  r a p i d  s c a n n i n g  h a d  one secon- 

d a r y  wh ich  was  e m i t t e d  a p p r o x i m a t e l y  in  t he  d i r e c t i o n  of t h e  i n c i d e n t  p r o t o n  

and  were  l o c a t e d  b y  n o t i n g  a s l igh t  change  in  m o t i o n  of t i le  t r a c k  i m a g e  per -  

p e n d i c u l a r  to  t h e  b e a m  d i r e c t i o n  r a t h e r  t h a n  b y  a (~ loss ~) of t he  b e a m  t r a c k .  

I t  is e s t i m a t e d  t h a t  such e v e n t s  a re  r e l i a b l y  d e t e c t e d  when  t h e  p r o j e c t i o n  of 

t h e  s m a l l e s t  s e c o n d a r y  s c a t t e r i n g  angle ,  in  t he  p l a n e  of t h e  emuls ion ,  is g r e~ te r  

t h a n  a b o u t  30' .  
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3'2. E s t i m a t i o n  o/ the n u m b e r  o] ]ree coll isions.  - :Neglecting any contri-  
but ion of nuclear diffraction scat ter ing to the events  located (see Section 2'2.1), 
26 O~/o of the clean even-prong events are examples  of collisions with free protons.  
The present  analysis indicates tha t  the percentage of clean even-prong events  
which are proton-free proton collisions (26 %) is much  lower than  the es t imate  
of 70 o~/,~, by  CVIJANOVICH et al. (~) at  23.5 GeV or the value of 60 ~ es t imated  
f rom the da ta  of JAIl- et al. (4) at 28 GeV. 

d 5  
d 9  

4OO 

300 

,g 
J::) 
E 
-200. ~ 

IO0 

o I I.  
1.0 0.970 0.940 

COS Oc 

Fig. 1. - Angular distribu- 
tion r elastically scattered 
protons in the center-of- 
mass system. The smooth 
curve is the result of the 
optical model calculation 

mentioned in the text. 

3"3. Elas t i c  in teract ions .  - Of the 43 two-prong 
events located by the rapid  scanning technique,  9 
events  are possible examples  of elastic proton-free 
proton collisions. The corresponding cross-section 
for elastic proton-free pro ton  scatterings is 
(4.3 r 2.5) mb,  the error being stat is t ical  only. The 
mean  projected l abora to ry  scat ter ing angle (which 
served as a means of locating the events)  is 48'. 

The angular  distr ibution of the elastically scat- 
tered protons in the center  of mass sys tem is shown 
in Fig. 1. Also shown in Fig. I is the angular  distri- 
bution result ing f rom a uniform, purely absorbing 
optical  model whose paralneters  are de termined 
f rom the da ta  obta ined f rom beam scanning. Com- 
pat ible  values of the elastic cross-section, ao, ine- 
lastic cross-seetion, ~ ,  and ampl i tude  of the t rans-  
mi t t ed  wave, a, for a uniform, purely  absorbing 
disc of radius R result  in ~ radius of 1.69.10 - ~  em 
and a t r ansmi t t ed  ampl i tude  of 0.781. 

The value obtained for elastic cross-section 
agrees, within assigned errors, with the value obtai-  
ned by  CVIJANOVICH et al. (3) of 5.5 mb at  23.5 GeV/c 
and tha t  of JAIh- et al. (*) of 4.9 m b  at  28 GeV. 

3'4. Ine las t i c  interact ions.  

3"4.1. C r o s s - s e c t i o n s .  - The par t ia l  inelastic cross-sections are given 
in Table I I I .  

The to ta l  inelastic eross-seetion based on 82 events found by  rapid  scanning 

(3) G. CVIJANOVICH, B. DAYTON, P. EGLI, B. KLAIBER, W .  KOCH, M. NIKOLI(~ 
R. SCHNEEBERGER, H. WINZELER, J. C. COMBE, W. M. GIBSON, W. O. LOCK, M. SCHNEE- 
BEB(~ER and G. VANDERttAEGHE: NUOVO Cimento, 20, 1012 (1961). 

(4) p. L. JAIN, H. C. GLAHE, G. N. SRIVASTAVA and P. D. BHARADWAJ: NUOVO 
Cimento, 21, 859 (1961). 
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i 
I 
! 

I 

is (34.9 :[: 19.2) rob. The pa r t i a l  cross-sections observed in  this  e x p e r i m e n t  are 

compared  in  Tab le  IV wi th  those a t  o ther  energies.  The vMues of Tab le  I V  

ind ica te  on ly  a sl ight  difference in  the  cross-sect ion for the  p r o d u c t i o n  of two 

and  four  charged secondaries  ut  19.8 GeV a n d  the  region  b e t w e e n  5 a n d  6 GeV, 

TABLE II I .  - Partial inelastic cross-sections ]or proton-]ree proton scattering. 
! 

Charged secondary ] Cross-section, mb 
multiplicity i 

i" 
I 

2 
4 
6 
8 

10 
12 

i 16 .3 i8 .4  
) 11.5~6.0 

4.3• 
1.9~1.3 
0.5~0.5 
0.5~0.5 

a l though  the  cross-sect ions for the  p r o d u c t i o n  of four  or more  charged secon- 

daries are cons i s ten t  wi th  a s t eady  increase  in  these va lues  over  th is  ene rgy  

in t e rva l .  

TABLE IV. Energy dependence o] i~elastic cross-sections. 

Proton energy 
(GeV) 

i Partial  inelastic cross-section, mb 

i . . . . . . . . . . . .  i 2 prong 4 prong i 6 prong 8 prong 
i - i 

23.50 (a) 
19.80 (*) 
6.20 (5) 
6.20 (e) 
5.30 (6) 
4.15 (~) 
3.5 (s) 
2.75 (9) 
1.50 (lo) 

(*) Present work. 

13.9 
16.3 
15.0 
7.3 

l l .3  
16.3 
24.1 
21.8 
25.9 

12.2 
11.5 
7.0 

12.1 
12.1 
11.5 
7.9 
4.2 
1.1 

7.3 
4.3 
1.0 
2.7 
1.5 
0.2 

2.8 
1.9 

0.3 

0.1 

(5) H. WINZELER, B. KLAIBER, W. KOCH, M. NIKOLI~ and M. SCHNEEBERGER: 
Nuovo Cimento, 17, 8 (1960). 

(6) W. )/[. POWELL: Univ. o]. Cali]., UCRL 3223, 30 (1955). 
(7) M. H. BLUE, J. J. LORD, Z. G. PARKS and C. H. TSAO: Phys. Rev., 125, 

1386 (1962). 
(s) R. J. P[SERCHIO: Private communication. 
(9) M. ~r BLOCK, E. M. HARTH, V. T. COCCONI, E. HART, W. B. FOWLER, R. P. 

StlUTT, A .  M.  THORNDIKE and W .  L .  WHITEMORE: Phys. Rev., 103, 1484 {1956). 
(,o) W. B. FOWLER, R. P. SI~IUTT, A. M. THORNDIKE and W. L. WHITEMORE: 

Phys. t~ev.. 103, 1479, (1956). 
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The  m e a n  cha rged  s e c o n d a r y  m u l t i p l i c i t y  for  c l ean  e v e n - p r o n g  i n e l a s t i c  

even t s  is f o u n d  to  be  3.7 ~ -0 .5 .  

3"4.2. E n e r g y  a n d  a n g u l a r  d i s t r i b u t i o n s  o f  e m i t t e d  p a r t i c l e s .  

two-prong events 

I - - 1 .  

four-prong events 

~0 

 ,ot n 

, --] 

0 ,-J_, 
0.8 12 1.6 

- Of the  118 i n e l a s t i c  p - p  in t e r -  

ac t ions  found,  t he  i d e n t i t y  a n d  

ene rgy  of a p p r o x i m a t e l y  230 of 

t he  e m i t t e d  p a r t i c l e s  were  m e a s -  

u red .  The  cen t e r -o f -mass  s y s t e m  

ene rgy  s p e c t r a  of p r o t o n s  f rom 

two,  four ,  a n d  s ix -p rong  i ne l a s t i c  

p r o t o n - p r o t o n  col l i s ions  are  shown 

in F ig .  2. One observes  l i t t l e  

d e p e n d e n c e  of t he  shape  of t he  p ro-  

t o n - e n e r g y  s p e c t r u m  on the  cha r -  

ged -  s e c o n d a r y  m u l t i p l i c i t y  a n d  

t h a t  a l l  s p e c t r a  d i s p l a y  a p e a k  

b e t w e e n  I a n d  1.2 GeV. 

six-prong events 

2.0 2'4 2.8 32 r 
Ec in GeV 

Fig. 2. - Center-of-mass system total  
energy distr ibution of the secondary 
protons from inelastic proton-proton 

interactions. 

14 

12 

8 
6 

4 

2 

0 

J 

0.2 OA. 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
Pc/n GeV/c 

Fig. 3. - Momentum distribution of secondary protons from all inelastic proton-proton 
collisions plot ted in center-of-mass system. The histogram represents the experimental  
da ta  while the smooth curve is the result of the statist ical  theory for an incident energy 

of 25 GeV. 
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The  m o m e n t u m  s p e c t r u m  of se- 

c o n d a r y  p r o t o n s  f rom al l  i ne l a s t i c  

col l is ions,  shown in  F ig .  3~ is s imi l a r  

in shape  to  t h a t  p r e d i c t e d  b y  the  

s t a t i s t i c a l  t h e o r y  of Vow- BEHR et 

al. (u)  for  25 GeV p r o t o n - p r o t o n  col- 

l i s ions  which  is p l o t t e d  w i t h  t h e  ex- 

p e r i m e n t a l  r e su l t s  as  a s m o o t h  curve .  

The  e n e r g y  s p e c t r a  of s e c o n d a r y  

c h a r g e d  p ions  f rom 2, 4 a n d  6 -p rong  

even t s  a re  g iven  in  F ig .  4. The  shape  

of t he  m o m e n t u m  s p e c t r a  of a l l  char -  

ged  p ions  (Fig.  5) is s imi la r  to  t h a t  

Fig. 4. - Center-of-mass system total-  
energy distr ibution of the secondary 
charged pions from inelastic proton- 

proton interactions. 

A 
5 ~  two-pPong events 

~o3d 

-~ 2o 
c. 
co 

~o 
�9 
3 o 
Q 

~o 

four-pr'ong events 

I 

' I ~-~ Six-prong events 

02 04 06 08 10 12 14 16 18 
C /nGeV 

24~ 

~2oL 

~14 

31o 
8 

6 

4 

o 0.2 -o .~ ,  o:s ~.8 1.o "~2 1.'4 ~ 
~ i~ G ~ V/~ 

Fig. 5. - Momentum distribution of secondary charged pions from all inelastic proton- 
proton interactions in the center-of-mass system. The histogram represents the expe- 
r imental  da ta  while the smooth curve is the result of the stat ist ical  theory for an incident 

energy of 25 GeV. 

(tl) j .  v. BEt[a and R. HAGEDORN: CERN report  60-20 (1960). 
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given by  Vo_~ BEHR et al. (11) ,  but  the exper imenta l  peak  is lower than  the 
theoret ical  peak  by  ~pproxymate ly  150 MeV/c. 

I t  is to be noted tha t  the average center-of-mass sys tem kinetic energy of 
charged pions, 263 MeV, is much  less than  tha t  for protons,  620 MeV. As- 
suming tha t  charged ~nd neutrul  pions are produced in the rat io  2:1, the rat io 
of the average tota l  energy c~rried off by  pions to the to ta l  avai lable kinetic 
enero'y in the center-of-mass sys tem is found to be 0.35 • 0.09. 
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Fig .  6. C e n t e r - o f - m a s s  s y s t e m  a n g u l a r  
d i s t r i b u t i o n  of  t h e  s e c o n d a r y  p r o t o n s  f r o m  

i n e l a s t i c  p r o t o n - p r o t o n  i n t e r a c t i o n s .  
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]~ig. 7. C e n t e r - o f - m a s s  s y s t e m  a n g u l a r  

distribution of the secondary pions from 
inelastic proton-proton interactions. 

Center-of-mass sys tem angular  distr ibutions are p lo t ted  in the Fig. 6 and 7 
for the secondary protons and pions f rom the inelastic interact ions result ing 
in 2, 4 and 6-charged secondaries. Bo th  the pro ton  and pion angular  distri- 
butions show a very  sharp peaking in the forward and backward  directions. 
I t  should be noted tha t  peaking is more p rominent  in the p ro ton  ~ngular 
dis t r ibut ion and for events  with low secondary mult ipl ici ty.  

The forward-baekwurd a s y m m e t r y  is a t t r ibu ted  to the inabi l i ty  to deter- 



PROTON-PROTON COLLISIONS AT 19 .8  GeV/c ~27 

mine momenta  of very fast particles emitted at small scattering angles. Ana- 
lysis of the events in which such particles are emitted indicates tha t  the majo- 

r i ty are protons with energies greater than 9 GeV. 
Labora tory  scattering angles were also transformed to the center of mass 

system with the following t ransformation:  

(4) tg (0~/2) = yo tg01~, 

The assumption implicit in this equation, which is frequently used in ex- 
periments where no a t tempt  is made to identify secondaries, is tha t  the 
particle velocity in the center-of-mass system is equal to the velocity of the 

center-of-mass system with respect to the laboratory system. I t  is found 
that  this t ransformation has the effect of decreasing the anisotropy which 
characterizes the angular distribution obtained by the more exact method. 

3"4.3. T r a n s v e r s e  m o m e n t u m  of s e c o n d a r i e s . - F i g u r e 8 g i v e s t l l e  

t ransverse-momentum distribution for charged secondaries from inelastic 
proton-proton collisions. For  both pions and protons, the most probable value 
of transverse momentum lies between 50 and 100 MeV/c with a mean value 
of 154 MeV/c for pions and 217 MeV/c for protons. These results are in fair 
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Fig. 8. Distribution of transverse momentum of charged pions (solid curve) and 
protons emitted in inelastic p-p collisions. 

agreement with those of BI.UE et al. (12) in a similar experiment at 4.2 GeV 
in which mean vMues of 142 MeV/c and 265 MeV/c for pions and protons, 
respectively, were obtained. The present results are also consistent with those 

(1~) M. H. BLUE, J. J. LORD, J. G. PARKS and C. H. TSAO: Nuovo Cimento, 10, 274 
(196l). 
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o b t a i n e d  a t  cosmic r ay  energies (~3.~4) and  suppor t  the  conclus ion  t h a t  t he  

m e a n  va lue  of the  t r ansverse  m o m e n t u m  does no t  v a r y  g rea t ly  wi th  i n c i d e n t  

energy.  
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(la) R. R. DANIEL, J. H. DAVIES and D. H. PERKINS: Phil. Mag., 43, 753 (1952). 
(14) M. SCHEIN, R. GLASSER and D. M. HASKIN: NUOVO Cimento, 2, 647 (1955). 

R I A S S U N T 0  (*) 

Per mezzo di un fascio esterno di protoni del fotosincrotrone del CERN si sono 
esaminate le collisioni protone-protone di 19.8 GeV/c elastiche ed anelastiche. 1,o 
scattering multiplo, la densits di blob, le misure del percorso e dell'angolo danno 
gli spettri degli impulsi e le distribuzioni angolari dei protoni e pioni secondari. Si 
trovato che le sezioni d'urto parziali corrispondenti ad interazioni elastiche aventi  
due, quattro, sei, otto, dieci e dodici secondari carichi sono, rispettivamente,  
(16.3i8.4)  mb, (11.5• rob, (4.3~=2.5) mb, (1.9• 1.3) mb, (0.5~0.5) mb e 
(0.5• mb. La sezione d'urto elastica si valuta in (4 .3•  La molteplicit,~ 
media dei mesoni carichi per eventi anelastici 5 3.7=l=0.5 e il grado medio di anela- 
stieith ~ 0.35• Si osservano forti picchi in avanti  ed all'indietro sia per i pieni 
che per i protoni secondari carichi. Si danno le distribuzioni dell'energia, dell ' impulso 
e dell'impulso trasversale per i secondari carichi identificati e si confrontano con i 
risultati dei lavori ad altre energie e col risultati di una teoria statistica delle collisioni 
protone-protone. 

(*) Traduziorte a cura della Redazioae.  


