
C3V6. Y( 

K-~6 
ka ?Q;r-i nov ~"' , M · 
(·o J ·Y 

1
Y 

o- I .)_ -{1-

I -:V+
El - 10063 

+ + 
ELASTIC SCATTERING OF TT - p, K- p, pp 

AND pp AT 40 GEV JC 



El - 10063 
+ + 

H ynpyroro pacceHHiHi 11 - , K - , 
ax np~ KMnynbce 40 fa8/c 

ce'leHKH 11-p, K-p , pp 11 "+p, K+p, 
= 40 K 45 fa8/c, COOTBeTCTBeHHO , B KH
' ynbCOB 0,15_s ' t i s 2 (fa8 / c)2 . 

TOPKH staepHbiX npo6neM OVI .Hvl. 

c?;l/6 , "fi/Kaz~~~:;z~.~~· 
.J<-}.;6 a.o.E1astic 
Scattering of ••• 
E1-10063. 1976. 

El - 10063 

+ +' ELASTIC SCATTERING OF 11 • .P' K • p, pp 

AND pp AT 40 GEVJC 

OheARH~Fl~bl!\ 111 CTU1"JT 
epawx ~:. ·:ne.nooolld 
6MC.Jl..,OTEKA 



Yu.M.Kazarinov, M.Yu.Kazarinov, B.Khatchatu
rov, I.Potashnikova, J.Strakhota. 

Joint Institute for Nuclear Research. 

C.Bruneton, J.Bystricky, G.Cozzika, J.Deregel, 
Y.Ducros, A.Gaidot, F.Khantine-Langlois, 
F.Lehar, A.De Lesquen, J.P.Merlo,S.Miyashita, 
J.Movchet, J.Pierrard, J.C.Raoul,L.VanRbssum. 

Centre d'Etudes Nucleaires, Saclay, France. 

A.Derevschikov, Yu.Matulenko, A.P.Meschanin, 
S.B.Nurushev,A.Saraykin, V.Siksin, E.Smirnov, 
V.Solovyanov. 

Institute of High Energy Physics,Serpukhov, 
USSR. 

V . P . Kana vet s . 

Institute of Theoretical and Experimental 
Physics, Moscow,USSR. 

C) 1976 06lleOUHeHHbiU UHCIIIU,YIII JIOepHI>IX UCC/IeOoaaHUU ,4y6Ha 

I. INTRODUCTION 

The results of the determination of the 
differential cross sections for elastic 11-p , 
K-p , p-p and 11+ p , K+p , p p scattering at 
40 and 45 GeV/c, respectively, are presented. 

The experiment has been carried out at 
the Serpukhov accelerator to investigate 
polarization phenomena in these processes. 
Polarization and spin rotation parameters 
have been published previously /l,2/. The sta
tistics used to calculate the differential 
cross-sections was colle~ted during pola
rization measurements. The experimental appa
ratus /3/ permitted one to detect elastic 
scattering events up tot= -2.5 (GeV/c) 2 , but 
the t -interval for the differential cross
section of some reactions was decreased by 
poor statistics. 

II. EXPERIMENTAL LAYOUT 
. . /3/ The schemat~c v~ew of the apparatus 

used in this experiment is shown in Fig. 1. 
The scintillation counters T1 ,T2 , T3 

measured the number of particles in the 
beam. The beam direction was determined by 
the scintillation hodoscope H 1,2 , H 3 ,4 
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Fig. 1. Expe
rimental 
layout. 

to an accuracy of +0.38 mrad (HWHM).The ne
gative beam particles were identified by 
three threshold gas Cherenkov counters.In 
the case of the positive beam four Cheren
kov counters were used. 

A polarized target (PT)of propane-dial 
(C H O)was used in this experiment.The mea-

3 8 2 • d t surements w~th a carbon target were ma e o 
subtract the bound proton background. 

The hodoscopes H 5 , H 6 measured the direc
tion of the scattered particle to an accuracy 
of +0.2 mrad. Over the momentum-transfer 
region covered, 0.08:::;Jt !:::; 2.5 (GeV/c) 2, the 
t-resolution changed within the limits of 
0. 02_5J~t I .5 0.1 (GeV/c )2, respectively. 

The hodoscopes H7 , H8 , H 9 were placed in 
the bore of the target magnet and detected 
the recoil protons with an azimuthal accep
tance of +16~ Anticoincidence counters 
AC1-AC8 f~r charged particles and gamma
rays were placed around the target. Fast 
electronics selected events with only one 
pulse from each hodoscope and included coin
cidence matrices to choose the scattering 
events with two-body kinematics. The events 
were recorded on magnetic tape by the CII-
90-10 computer. 
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III. ANALYSIS OF ELASTIC EVENTS 

The main steps of the analysis of scat
tering events recorded on the magnetic tape 
were as follows: 

1. Reconstruction of elastic scattering 
events. 

2. Relative normalization of the number 
of events obtained with the opposite signs 
of target polarization. 

3. Background subtraction from quasi
elastic scattering on bound protons in nuclei. 

4. Background estimation of inelastic 
scattering on hydrogen. 

~ At first the scattering angle of the 
scattered particle was calculated using 
information from the hodoscopes H 5 , H 6 . Then 
the trajectories in the magnetic field and 
the observed angle (Ap) of the recoil proton 
were reconstructed using the reading of 
the H7 , H8 , H9 hodoscopes. The values of 
the scattering angle and the observed recoil 
angle ®~ were defined more precisely by the 
iterative method,taking into account the 
position of the interaction point. Then the 
recoil proton angle (Aj'.) was calculated from 
the angle of the scattering particle assuming 
elastic scattering kinematics of a proton 
at rest. The histogra~s representing the 
angular correlation Np = f(~®p=®;-e~) were 
built for the given interval or ~t 131 . There 
are well-pronounced maxima containing the 
"elastic peaks" (Fig.2). 

~The region outside the "elastic peaks" 
of the angular distribution was used for the 
relative normalization of the data with the 
opposite signs of the target polarization 
the carbon data (quasi-elastic scattering 
bac kground)/ 3/. 

and 
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.Fig. 2. Selection of elastic scattering 
events on free protons for two momentum 
transfer bins: a) 0.32$.ltl< 0.38 (GeV/c)2 

b) l.OS!t I< 1.14 (GeV/c) 2 • The solid and 
dashed histograms show the distribution of 
~Sp with the polarized target and the dummy 
target, respectively. 

~ The central region of the distribution 
N(~e~ was used to define the number of 
elastic scattering events. The region limits 
were chosen considering the elastic peak 
width which is mostly due to the resolution 
of the detected system. The normalized quasi
elastic scattering background was subtracted 
from the total number of events inside 

this region. 

~ The background from inelastic scatte
ring on hydrogen was estimated by the Monte 
Carlo method. The reactions with two charged 
particles in the final state were the main 
source of the inelastic background,since the 
reactions with more than two charged par
ticles and Y were rejected by anticoincidence 
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counters. In the 77p scattering the Monte 
Carlo calculation for the final states pp, 
77N*+ and p 7717°77° showed a contribution of 
smaller than 1% of the total number of 
elastic events on free protons. The same 
should take place in the Kp scattering. 

In P p scattering the inelastic two-prong 
events with the additional 17 in the forward 
direction give the main contribution to the 
background. To subtract this background,two 
different methods were used. In the first 
case the probability for such events to 
appear as elastic scattering at various four
momentum transfers is calculated by a Monte-
Carlo programme using the data for in-
elastic pp scattering at high energies/ 11. 
In the second method kinematics selection 
criteria were strengthened and only the left
hand side of the histogram N(~e~ was used 
for the normalization. 

The results of both the methods agree 
within experimental errors. 

In the pp scattering the inelastic contri-
bution is not important because of favou
rable momentum separation in the PT magne-
tic field. 

IV. CROSS-SECTION CALCULATIONS 

The differential elastic cross-section 1s 
given by 

da C N+(t) + N_ ( t) 
d-t- = -~t":-t{i)- , ( 1) 

where N/t) ,N_(t) are the numbers of elastic 
events in the momentum transfer intervals ~t 
with different signs of target polarization, 
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C is the normalization factor, dt) is the 
detection efficiency of the apparatus. The 
Monte Carlo method was used to calculate 
dt ). In the calculation the following infor

mation was taken into account: 
l) beam parameters ( ~p/p, the horizontal 

and vertical divergences, shape and dimen
sions); 

2) ionization losses, multiple scattering 
and absorption of the recoil protons in the 
target and surrounding materials; 

3) cell dimensions in the incident beam, 
scattered particle and recoil proton hodo
scopes H1-H 9 . The efficiency of scintillation 
counters was supposed to be independent of 
the momentum transfer t. 

The programme includes a random choice 
of beam parameters, the scattering angle and 
the interaction point in the target and 
also a procedure showing the operation of 
coincidence selection matrices. 

To simulate the real experimental situa
tion this part of the programme gives a set 
of hodoscope H 1 -H 9 counter numbers at the 
output. Then the same reconstruction proce
dure is performed. According to the kinema
tic parameters of the events at -distribu
tion is constructed. Stich a distribution per 
~t unit describes the detection efficiency 
as a function of t. The detection efficiency 
for 17-p scattering is shown in Fig. 3a. The 
oscillation about an average value is con
nected with the way the programme reconstructE 
the particle trajectories. It ascribes to 
the events a t-value corresponding to the 
centre of the involved cell of the hodoscope 
_H 5 ,6 · Consequently, the oscillation period 
lS 
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2 h 
~t::::2.P 1 ·-d 

ab L2 
( GeV/c)

2 
, ( 2) 

where d is cell vertical dimension, L lS 

the distance from the target to the hodo
scope Hs~ , h is the distance from the beam 
axis to the hodoscope cell, Plab is the 
incident particle momentum. 

The t -distribution of the 
events has the same structure 

experimental 
(Fig. 3b). 

V. ABSOLUTE NORMALIZATION OF THE 
DIFFERENTIAL CROSS-SECTIONS 

The optical theorem was used to normalize 
the differential cross section 

da (a tot) 2 
--1 ----d t t = 0 - 16 17 . 

( 3 ) 

The total cross-section values were taken 
from ref. 141. 2 ~~ was extrapolated to t = 0 
as ~=Aebt+ct by the least squares method 
cong~dering It I :S 0.5 (GeV/c)2 only. A more 
complex parametrization had to be used for 
a large It I region and the normalization was 
not changed within experimental errors. 

VI. SYSTEMATIC ERRORS 

The main source of systematic errors is the 
accuracy of the geometric parameters of the 
apparatus. The displacement of the beam hodo
scopes H 1 , H 3 is most important. If there 
is a vertical displacement 11z of H

3
, it 

results in an error 

2 h 
~t =2·Plab '"'j)"~h, ( 4) 
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Fig. 3. a) Detection efficiency, dt), calcula
ted by the Monte Carlo method. b) Experimen
tal distribution Nex/N fit =dt)exp , where N exp 
is the number of events in the t interval 
from the experiment N r· =ax exp(Bt + Ct 2 + Dt 3 ) 

I It 

is a fit value of Nexp· The experimental sta-
tistical errors are shown at some points, 
as an example. 

where ~h = Cl ~ z lS a displacement of the 

be am ax i s in the hod o s c ope H 5,6 plane , L 1 l s 
the distance from the beam hodoscope to the 
target. 

Consequently the error in the calculated 
efficiency is 
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d((t) 
~ ( (t) =I --I~ t 

dt 
( ) ) 

If ~z::: 2 mm, the relative error amounts to 
smaller than 1% with!tl > 0.15 (GeV/c) 2

. It 
increases rapidly with decreasing I tl . 

Another source of systematic errors may be 
the inefficiency of the Cherenkov counter 
system. It gives a systematic error in the 
slope parameter b of pp and Kp differential 
cross-section - 1%. 

VII. RESULTS 
. . . da 

The dlfferentlal cross-sectlons~ versus 
-t are shown in Figs. 4-9. 
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follows from the Table that the channels 
with better statistics and the large t-in
terval("-p)need a more complicated paramet
rization. As for the "+p and Kp -scattering 
data the parametrization (7) is satisfac
tory. 

It may also be seen that the parameters 
b, c are in agreement with the results of 
other ex p e :rime n t s 1 12 

' 13 ' 14/ at c 1 o s e en erg i e s . 
The Table also includes the logarithmic 

slope parameters defined as 

B( It I)= d~· <en :F-)= b-2 cIt I+ 3d It 12 

2 evaluated at ltl=0.2 (GeV/c). 

( 9 ) 

. . . /15/ 
Now cons1der 1n some deta1l the t- and 

s- dependence of the differential cross 
sections resulting from our data. 

The t-dependence of the elastic "±p and 
K± p differential eros s sect ions is plotted 
in Figs. 10,11 in a double logarithmic scale. 
It shows in a wider interval of t (0. 5 < 
$. I t I _< 2 ) G e VI c ) 2 ) , the power 1 a w of the 
t - dependence, which has been noted at 

higher energies earlier/IW. 
The s -dependence of da/ d t 

fixed values of t is shown in 
The solid straight lines show 
slope at our energy which has 
ted 1151 in ac cor dane e with the geometrical 

. • G /1619/ 

at some 
Figs. 12-14. 
the energy 
been calcula-

scal1ng hypothes1s, S, • . One can see 
that in the experimental error limits the p 
and Kp data are in agreement with GS predic
tions up to I t I = 2 ( G e VIc ) 2• 

The universal GS-dependence of da / da I 
dt dt t=O 

+ + 
on ( t · a tot ) has been found for "- p and K- p 
scattering at Plab= 100-200 GeV/c earlier. 
Our data at 40 GeV/c confirm the universality 
also l.E.ig. 15). 
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Fig. 13. The same as 
in Fig. 12 for K+p 
scattering •, 1 
ref./7,17/ o - this ex-
periment. 

Fig. 14. The same as 
in Fig. 12 for pp
scattering • '1 ~ 
ref / 10·11 ·18< o- this 
experiment. 

Fig. 15. Test of geo
metrical scaling. Ex
perimental points are 
the results of this 
experiment. Solid 
curves reproduce the 
behaviour of experimen· 
tal data at 12.4 Gev/d, 
and 100 GeV/c~/ for 
rr+p -scattering. 

GS is heavily violated in PP scattering 
for ltl ~ l (GeV/c) 2 (Fig. 14). The reason 
of the violation is a Reggeon contribution 
which gives the following correction to 
the energy slope of da/dt, ref. /IS/ 

d(ln j: ) 
<(f,-·--. )Regge- [aeu(t)-1]8(s,t). ( l 0) 

HereaeJ~ is an effective Regge trajectory 
describing the energy dependence of the Reg
geon contribution, 8 (s,t) is defined as 
follows: 

d a ( x p ) - ~ ( xp ) 
-- dt 
dt -

8(s,t)=d;--) da (xp) 
--(:("p + dt dt 

(ll) 

o(JiPJ 

-0 

~J f f 
t •-:h t + f f t t lti{GeV/c)

2 

t4 

~
o(KP) 

0 f ~2 0.4 06! J ff 112 It! {GeV/c)
2 

-o ttffi 

o7~ o(pp) 

:: II 
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Fig. 16. The values 
8( t) defined by eq_. 
(ll) in the text 

+ + + for rr-p , K-p, p-p 
scattering. 
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where 1~ (xp) and ~~ (xp) are the particle

and antiparticle-proton scattering cross-sec
tions, respectively. The values of 8 (s,t) 
for different reactions calculated from our 
data are shown in Fig. 16. For rr±p and 
K±p scattering o(s,t) is about 5-10%. 
Consequently, the deviation from the GS 
prediction is within experimental errors/IS/ 
It can be seen that ()PP (s,t) increases ra
pid 1 y for I t I >_ 1 ( G e V / c ) 2 

. So , the c orr e c -
tion (10) becomes large and GS is violated, 
as it has been mentioned above. 
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