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ApX!WOB B.B. H AP· 
D.u<jlcjlepei!IIH81ibHOO ee'!eHHe peaKUHH 

npn HMnynheax 3,3 H 4,75 faBle 

E1 · ll596 

npeJleTaene&bi peaynbTaTbl axenepuMenTanbnoro neeneaoeanusr peaxunn 
,-p~ 71°n, 71 °~ yy (1) Ha ny'IKe l!HOHOB e Ht.mynbeaMH 3,3 H 4,75 faBle. Vfe­
eneAOB8HH>1 npOBeaeHbl C l!OMOWbiO 90-KaH81ibHOrO '!epeHKOBeKoro Maee­
enexTpOMeTpa "<l>oTon' na npoTOHROM eiinxpoTpoue OHfiH ua 10 faB. D.aeT­
esr xpa~xoe onueaune axenepnMeRTanbuoA ycTauoexn. PeaynhTBTOM uccneao­
eaunsr srnn!leTesr H3Mepeune AHQJijlepenuuanhnoro ceqeunsr peaxunn ( 1) a o6-
naCTH nepeAaHHblt n~mynhcoe oT tmin AO 0,3 (faBie) 2. B au<W>epeuunanh­
RblX ee'leHHSIX peaKUHH ( 1) o6uapylKeH 38MeTHbiH MHHHMYM B nepeaueM 
uanpaeneuun, yxaableaJOwnA ua eyweeTeeuHyJO ponb aMnnHTYAbi e uaMeneuue.· 
CnHp81ibHOCTH, 3xcnepRMeHT81ibHbie Jl8HHble qJHTHpOB81iHeb C l!OMOWbiO ¢opMy 
nbl: do/dtEA(l-g"1ct)ect,rae g- OTHOUJeHHe BK1i8AOB 8Mll1iHTYA paCCeSIHHSI 
6e3 nepesopora n c nepeaopoToM cnHHa. LI.ns:r aenaqna "A", "g" H "c .. 
HaiiAeHbl cneAyJOWHe 3Ha'leHHSI! 

P(faBic) AMx61(faBic) 2 

3,3 
4,75 

124,8:!:.9,0 
88,1:!:.12,4 

g (%) 

16,4:!:.1,6 
20,0:!:.4,2 

c(J'aBic)-
2 

5,6:!:.0,2 
6,0:!:.0,4. 

Pa6oTa Bbmonnena B na6opaTOpHH BblCOKHX auepruii OIHlH. 

npenpHHT 061>el!HHeHHOrO HHCTHTyTa Sll!epHblX HCCneaOB8HHii. lly6ua 1978 

Arkhipov V,V. et al, E1 · 11596 
Differential Cross Section of the Reaction 
at Momenta of 3,3 and 4,75 GeV/c 

vVe present results from an experimental study of the reac­
tion ,.-p~ 71°n, 71 °~ yy (1) in a beam of 3.3 and 4.75 GeV/c pions. 
The studies have been performed by means of a 90-channe1 Che­
renkov mass-spectrometer "Photon" at the 10 GeV Dubna proton 
synchrotron. A brief description of the experimental setup is given. 
The result of these studies is the measurement of the differential 
cross section for the reaction (1) in the region of momentum trans­
fers from t min to 0.3 (GeV/c) 2 .A sizable minimum in the forward 
directior> in the differential cross sections for the reaction (1) in­
dicates a dominance of the helicity-flip amplitude. The experimental 
data were fitted by the formula: do/dt-A{t-g·1ct)ect , where g is the 
ratio of the spin-nonflip and spin-flip amplitudes. The following va­

lues were found for A , g and c : 
P (GeV/c) A p.B /(GeV/c)

2 

3.3. 124..!. 9.0 
4, 75 88. '.l:t.12.4 

g(o/o) 
16.4;!:_1.6 
20,0:t.4.2 

c (GeV/c) -
2 

5,6;!:_0.2 
6.0;!:_0.4. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
Preprint of the Joint lnsti lute for Nuclear Research. Dubna 1978 
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1. INTRODUCTION 

Among binary reactions, the process 

TT-P->7] 0 0 (1) 

is of special interest because by the Regge theory the 
amplitude of this reaction in the t -channel is dominated 
by a single A2 pole exchange. 

The reaction (1) has been recently studied in a series 
of experiments 11- 51 . In this report we present prelimi­
nary results from a measurement of the differential cross 
section for the reaction (1) in the range from t min 
to 0.3 (GeVjc) 2 for negative 3.3 and 4.75 GeVjc pions. 

The experiment has been carried out at the Dubna 
10 GeV proton synchrotron. In the experiment 77° -mesons 
have been detected by means of a 90-channel 
Cherenkov mass-spectrometer (setup "Photon"). The 
experimental layout is presented on fig. 1. The mass­
spectrometer consists of beam proportional chambers, 
scintillation hodoscope counters (20 elements), spark 
chambers for measuring the direction of y" -quanta 
and 90 Cherenkov lead-glass Y-spectrometers for 
measuring the energy of y -quanta161 . 

2. DESCRIPTION OF THE APPARATUS 

The "- beam with Llp/p= ±1%and a spill time of 
0.4 sec is focused onto a 80 em long liquid hydrogen 
target. The beam particles are detected by a telescope 
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of scintillation counters Sl-83. The pion direction is 
determined by means of six proportional wire chambers 
(PWC) with an accuracy of ±0.3 mrad. In order to 
prevent our setup from being triggered by halo particle 
interactions, two scintillation counters A1 and A2 forming 
a 5x5 em 2 hole are used. These counters operate in 
anticoincidence. 

The target is not surrounded by anticoincidence coun­
ters in order to exclude potential systematic error 
sources. 

Thirty two 90x90 em 2 magnetostrictive spark cham­
bers (SC) have been used to measure the direction of 
y -quanta from the TJ 

0
-->yy decay. They are divided into 

two identical arms. 16 chambers of each arm are 
grouped in four spark chamber modules. Each module 
consists of four chambers followed by 0.4 r .1. thick cop­
per converters. Two chambers in each module are placed 
horizontally and two others at an angle of 17 o .The total 
thickness of the converters is equal to 1.2 r .1. which 
corresponds to a 56% conversion efficiency per one y. 
The direction of converted electrons is measured by 
a four chamber module placed just behind the convertor. 
The first group of chambers operates in anticoincidence. 

Two identical 10-element scintillation hodoscopes 
(SG1-10, SGll-20), placed between the spark chambers 
and Cherenkov Y-spectrometers, provide a more effec-
tive trigger. • 

Cherenkov lead-glass y -spectrometers (C1-90) are 
located behind the hodoscope counters. The total num­
ber of spectrometers is 90. The spectrometers operate 
independently and are separated 45x45 into two arms. 
A spectrometer radiator 35 em (14 r .1.) long is hexagonal 
in form with a 17.5 em inscribed circle diameter. The 
radiator is viewed by a 49B photomultiplier with a photo­
cathode 17 em in diameter. A small button of NaJ con-
taining an 241Am a -source is glued to an upstream face 
of each lead-glass block. The light output from NaJ +a 
is recorded to monitor gain drifts. Absolute energy calib­
ration of each Y-spectrometer has been obtained on an 
electron beam. 
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Fig. 2. Experimental distributions of yy opening angles 
(OYY) and yy effective mass (MYY) for P

77
_, 3.3 GeVjc. 
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Data collection, control and on-line analysis have been 
performed by a HEWLETT-PACKARD 2116B computer 
interfaced to the experiment through CAMAC electronics. 

To trigger the setup, coincidence between (801-10) x 
x(SG11-20).(C1-45).(C:46-90).81.82.83.A1.A2 is required provided 
that the particle energy deposition E yl , E y2 and 
Ey 1 +Ey2 exceeds some threshold determined by the kine­
matics of the investigated process and the geometry of 
the experiment. 

In our experiment we have the following thresholds: 
Eyt·E y2 ~ 300 MeV and (Eyl +Ey 2) > 2500 MeV. 

An off-line analysis of the experimental data written 
on magnetic tape has been done on a CDC 6500 computer 
using the event reconstruction program171 . 

Two-gamma events have been selected according to 
the following criteria: 

1. There are no tracks in the chambers 8C1-4 and 
8C17-20 . 

2. The charged particle track (or shower) produced 
in an i -th converter ( i""' 1,2,3) is observed in the cham­
bers 8C5-16 and 8C21-32. 

3. There is a corresponding signal from the hodoscope 
scintillation counters 801-10 , 8011-32. 

4:.. There are signals in the y-spectrometers C1-45 
and C46-90 satisfying the conditions: 

a) 400 MeV~ Eyl (Ey2) ~2800 MeV, 
b) 3030 lr£eV ..$. (Ey 1 +Ey2) ~3500 MeV, 
c) E y IE y > 0.2 

at P-1.3 GeVjc; 
a) 400 MeV~ Ey 1(EJ:?)~4200 MeV, 
b) 4f0 feV~(Eyl+y~~5000 MeV, 
c) Ey lEY >0.1. 

at 4. 75 GeVjc. 

Here ·E~ and E~ are lesser and greater energies of 
the two y -quanta. 

For a final selection of the events (1) the following 
cuts were applied: 
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(i) opening angle: 17 o ~ eyy ~ 26 °, 
(ii) missing mass: 600 MeV~ Mn0100 MeV, 
(iii) effective mas~: 440 MeV5~1YY~ 640 MeV 

at Pn-·3.3.GeV;c; 
(i) opening angle: 12° ~ e}'yS. 18°, 
(ii) missing mass: 600 MeV~ Mn ~1100 MeV, 
(iii) effective mass: 440 MeV~Myy~ 640 MeV 

at P -4.75 Cevjc. rr-
4618 events of the reaction (1) at 3.3 GeVjc and 

1440 events of the same reaction at 4. 75 GeVjc were 
identified using the above criteria. 

The selection criteria were calculated by the Monte­
Carlo simulation of the experiment taking into account 
the angular and energy resolutions of the equipment 18~ 

The experimental distributions of yy opening angle 
(ey~·missing mass (Mn) and yy effective mass (Myy) are 

presented in figs. 2-5. The cuts are marked by vertical 
lines. 

In estimating the background and its influence on the 
differential cross section of the reaction (1), the fol­
lowing processes were considered: 

Tr -p -+ 1J 0 ~ 0 ' (2) 

rr-p-+ w 0 n 
' (3) 

rr-p -+rr 0 rr 0 n , (4) 

The analysis of the background processes has shown 
that relative contributions of the events from the reactions 
(2), (3) and (4), satisfying the selection criteria, are 12%, 
1% and 0.8% at 3.3 GeVjc and 14%, 4% and 0.4% at 
4.75 GeVjc, respectively. 

Event losses from the reaction (1) due to all cuts are 
equal to 28% at 3.3 GeVjc and 40% at 4.75 GeVjc. The 
background event contribution to the differential cross 
section of the process (1) was calculated by the Monte­
Carlo simulation program for various selection and cut 
levels. 

The results of such an analysis have shown that the 
influence of background events on the behaviour of the 
differential cross section is negligible within the errors. 
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Figure 6 shows the differential cross sections for 
the reaction "-p ->77° n as a function of -t at 3.3 and 
4. 75 GeV ;c. The bin width is 'equal to the experimen-
tal - t resolution. The errors in fig.6 are statistical. In 
this figure we also present the data from ref/ 1

1 used 
to make an absolute normalization. 

As is seen from jig. 6 in the range of - t from 0.01 
to 0.1 (GeVjc) 2the differential cross section increases 
more that by a factor of two. A sizable minimum in the 

to 

forward direction indicates a dominance of the helicity­
flip amplitude. The first data on the minimum existence 
in the forward direction in the differential cross sec­
tion for rr- p --rtn at 4 GeVjc have been obtained in 
ref. 121 . 

The experimental data were fitted by the formula 
da/dt ~A(l-g· 1ct)ect,where g is the ratio of the spin­
nonflip and spin-flip amplitudes. The following values 
were found for A , g and c . 

P (GeVjc) A[ 11 B(GeVjc)2l g(%) c(GeVjc) 2 

3.3 124.9±9.0 16.4 ±1.6 5.6±0.2 
4. 75 88.1 ±12.4 20.0 ±4.2 6.0 ±0.4 

Together with the results of this paper, the data111 

for-t~ 0.4 (GeVjc)2 and - t = 0.6 (GeVjc) 2 were used. 
The values g and c at 3.3 and 4.75 GeVjc are in agree­
ment, within errors, with the results obtained at 6 GeVjc 1 ~ 1 
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