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1, I n t r o d u c t i o n 

One of the basic branches of elementary particle physics in rec ent y ears 

h a s been the discovery a nd systematization of resonances (resonance quantum 

numbers, decay modes and other characteristics). The study of resonance r adia

tive decays is of special intere st in view of the c heck of various symmetry theo-

ries, ( -parity conserva tion in e lectromagne tic interactions and o ther problems. 

How ever, the present day methods for studying radiative decays h a ve some 

disadvantages. Such effective methods, as for instance bubble a nd spark chambers 

a llow to measure only one parameter, namely, an angle between particle decay 

oroducts. E nergy characteristics a re either not measured or measured rather a p

proximately. N aturally, such information does not permit to e x plicitely analyse 

each event and requires rich statistics. All these disadvantag es are especially 

noticeable when a study is made of v e ry rare eve nts for whose identification the 

knwoledg e of some basic parameters of the process under study is necessary. 

In 1 964 a new method/
1

•
2

•
3

/ was proposed at the Labo r a tory of Hig h Ener

g ies in Dubna to study resonance radiative decays which p e rmits to directly 

measure particle effective mass in the decays; 

y + y 
+ 

e +e 
0 

" + y 
"0 + "0 

(1) 

etc. 

The effective mass for decays (1) can be determined by means of the fo r mula : 

(2) 
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In the case of tw o-particle reactions for the first two of the above decays formula 

(2) is written as: 

• M ~ 2 E 
1 

E2 ( 1- cos 0) (3) 

F'rom formula (3) it is seen that in order to determine the square of the 

effective mass M
2 

it is nesessary to measure three parameters: the energ ies E
1 

and E
2 

of the res onance decay products and the angle of opening 

them (all the values a re g iven in the lab. system). 

0 between 

Our method for effective mass measurements implies the use of the t wo-cha n-

nel system of jointly operating spark chambers to determine the angle 0 betw een 

resonan ce decay products and t otal absorption Gerenkov gamma-spec trometers to 

determine the particle e n e r g ies E
1 

and E
2

• 'I'he kinematic analysis of reac tion (1) 

shows that the g eometry is optirn9.l when the direction of gamrn9.-qua nta emission 

a t a minimum angle coincides with the axes of detectors. In the above g eometry 

the setup selects interactions when the momentum transfe rred to the nucleon is 

small. 'I'he opti>num geometry and efficiency curves versus the momentum transfer 

were calculated by means of the electronic comput e r. 'I'he analysis o f the energy 

spectra o f gamma-quanta from decay (1) in the optimum geometry shows that 

within solid angles viewed by detectors the energy spectra of gamma-quanta 

(electrons, etc.) have their peak in each channel a t E
1
-E

2
-E/2, where E is the 

incident particle energy. It is easy to show that another condition a l so holds, 

namely: the sum of ene r g ies E
1

+ E
2 

(within the accuracy of the momentum trans

fe rred to the nucleon) is E. 'I'he above relations obtained from process kineamtics 

alow to introduce a l ogic system for s electing events, which in turn makes It 

possible to reduce the backg round. 

2. E x p e r i m e n t a 1 A r r a n g e m e n t 

'I'he schematic view of the setup is shown in fig . 1. 'I'he scintillation coun

ters s
1 

and s
2 

having dimensions 7 x 7 cm
2 

are u s ed for monitorin g the incident 

particle beam. 'I'he spark c hambers Sch 1 and Sch 2 in each of the two similar 

channel are a system of four modules having the dimensions of the active a rea 
') 

50 x 50 em ·• In order to e ffectively detect tracks t o a g iven accuracy the spark 

gap was taken to be 1 0 em. Chamber side walls a re made of glass. Electrodes 

a re duralumin pla tes 60 x 60 em 
2 

large a nd 1 mm thick forced with a frame 5 mm 

thick of the same material. 'I'he chambers are filled with neon-helium mixture. 'I'he over

all volume o f the chambers is 200 litres . 'I'he frames of reference and the tracks 

a re photog raphed in t w o o rthogonal projecti o n s per picture of the 35 mm film with 

a photodetector ope r a ting in the pulse r egime from a triggering p r ogr amme system. 
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A hlgh voltage pulse per pair of symmetrically connected spark chambers is 

produced by two A r kadiev-Marx g enerators. When a g enerator is l oaded with 

tw o cables a puls e amplitude on the chamber electrode~ amounts to about 1 50 kv, 

the pulse front being about 2. 10-
8 

sec, pulse duration being a bout 6. 10-
8 

sec 

(at a 50~ level) . The first of the four spark chamber modules (with r espect to 

the beam) in each channel are anticoincidence ones. In order to identify particles 

of the shower o::-igin brass convertors about 0,4 rad. length thick are placed in 

front of the second and subseqt.;e nt c hambers. The scintillation counters s
3 

a nd 

S 
4 

50 x 50 em 
2 

larg e are placed between spark chambers and Cerenkov gamma

spectrometers in order to Increase the efficiency of triggering the system b y 

means of shower particles. Special lead glass of high transparency and with 

dimensions 50 x50x30 c m
3 

a nd 50 x50x 20 cm
3

, r espectively, is used as r adiator 

mate rial in C e r e nkov gamma-spectrometers, Cerenkov radia tio n is collected by 

means of nine pho tomultipliers h a ving a 17 em photoca thode diameter, The photo

multipliers a re fixed at one o f the radia tor s ides. Reflecto r s o f a luminum fo il a re 

fastened at the remaining s ides of the radia tor. The block-diagramm of t h e electro

nics is shown in fig . 2. A spark c hamber system is triggered by the s
1 

s
2 

s
3 

54 c1 c2 pulse under the condition that: 

1, The energies E
1 

and E
2 

of particle decay products exceed some 

threshold energy Eki: E 1 ?. Eki' E 2 2 Eki' 

2, The sum of the energies E
1 

and E
2 

satisfies the condition E
1

+ E
2 

?. En, 

The threshold values of Eki and En are taken basing on the process 

kinematic analysis and the energy resolution of gamma-spectrometers . Pulses from 

Cerenkov gamma-spectrometers are selected with discriminato rs. The sum ene r gy 

threshold is established by the third discriminator c onnected after a circuit sum

ming puls es from t w o spectrometers. The disc riminators exc lude the delay s pread 

of output sig nals with respect to the amplitude a nd the shape of input pulses. 

Spectrometer channels consist of linear gates, amplitude analysers and detectors.The 

analysers are a combination of amplitude coders with s cale rs. The counts of 

scalers are detected with a printer and a l so (pulse amplitudes from the firs t and 

second g amma-spectrometers) a re photog raphed in the proper picture. Thus, all 

event inlormation 6 , E
1

, E
2 

(a n g les a nd energies) i s present in the film. 

3, C a I i b r a t i o n 

C e renkov gamma-s pectromet e r s wet·e calibra ted by electrons in the ener g y 

range from 1 t o 4 GeJ
3f. A s i s seen from fig . 3 , calibra tion c urves fo t· both the 

spectrometers a re linear up to 4 GeV within expe rimental e rrors. The e n e r g y 
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resolution~ of the soectrometers in the above energ y r ang e is w eakly dependent 

on energy and is about ! 5-7%. (See fig. 4). To improve the values of E
1 

and 

E
2 

obtained exoe rimentally and to intrcxiuce for each event the corresponding 

c orrections taking into account the angle and the plase of g amma-quanta entering 

the radiator of the Cerenkov counter, gamma-spectrometers were additionally 

calibrated with t h e electron beam over the whole surface and in the operating 

angle reg i o n. 

Apparatus calibration over effective masses was made b y means of the 

decays : 

'10 ~ y + y 
(4) 

'1 ° -mes ons were prcxiuced b y 4 .0 GeV/c negative pions ;n a polyethe l e n e tar get. 

An effective mass was measured for 80 events that could be interpre ted a s the 

neutral particle decay into two gamma-qua nta ('1 ). T h e obtained effective mass a nd 

o pening angle distr ibutions fo r the a bove-me ntioned events a r e shown in fig s . 5 

a nd 6. As is seen from fig . 5 , the effective mass dis tributi o n exhibits a pronounc ed 

p eak a t Mz 550 MeV which is due to the 71° -meson decay into t wo g amma-quanta, 

A peak is also observed in the angular distributio n o f gamma- gamma events at 

an angle equal to the minimum one for decays (4) a t 4 G eV. F'or a n additi o nal 

analysis of d a ta and for '1 -meson event separa tio n from the background each 

event i s sho•vn in fig . 7 a s a p 0int a t a plane where t wo gamma-quanta energy 

r a tio E
1
/E

2 
is g iven a t the o rdinate wher eas the a n g l e of o p e ning b e t w een the m 

IJ is presented a t the abscissa. The solid c urve ( 2) is a theoreticLll one corre

lating the ene rgy ratio and the o pening angl e for 4 GeV 71° -meso ns. T he dashed 

curves ( 1 a nd3) show apparatus a nd angle res olution, As is s een from fig . 7 1 49 from 

80 events are in the c orridor of errors equal to two standard deviations, These 

events can be indentifled as the 71° ~ 2y decays. The effective mass and o pening 

angle distributions for the above-mentioned events are shown in figs, 8 a nd 8a, 

As is seen from the figs., the curves are only slig htly changed after selection. 

Indeed, the number of events in the effective mass distribution peak and the num

ber of events having an angle close to minimal in the opening angle distribution 

remains c onstant. The obtained experimental data allow to calculate the 
0 

'7 -meson 

prcxiucUon crosssectlon in the reaction rr + p ~ n + '1 ° at 4GeV. In the calculations 

u se was made of the efficl<>ncy curves for the a ppa r a tus which h a d been 

obtained by the Monte-Carlo methcxi using the e l ectronic computer(fig. Y and 10). 

Taking into a ccount the rell"ltive probability for the 71° ~ y + y decay (38 , 6o/o) for 

the '1 ° -meson prcxiucticn c ross section the value o f (74! 12) mb was obtai n ed 

which i s in g ocxi agr ee-ne n t wifh the data o f o the r a utho r s . 

G 



Conclusion 

T he suggested method for investigating resonance radiative deca ys b y 

mea ns o f a tw o-c h a nnel s ystem of j o intly operating spa rk c hambers a nd Cer enkov 

~amma-spectrometers permits: 

1. To simultaneo u s l y measure s o me proc esse s having simila r kinematic s 

a nd identica l l ogi c s. 

2, To a na lyse each event separat e l y . 

3 , To measure the angl es and ener g i es of r esonance decay products and 

h ence, to obtain th e effective mass. 

4 . T o introrlu ce the proper logics for sel esting events \'Vhich takes into 

account the kinemati c s of the process u nder s tudy a nd thus t o c onsider ably 

red u ce the bac kgr ou nd triggering, 

5. To car ry out exp e riments in cond itio ns o f l a r ge loads ( 105 and mor e 

particles p e r burst). 
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Fig .1. Schematic view of the a pparatus. 
S 1 ••• S 

4 
- scintilla tion counte rs. 

C 1, C 2 - Cerenkov to tal absorption gamma-spec trometers. 
Cu - crass convertors, each 6 mm thick. 
CH 2 - a polyethelene tar g et. 

8 

s, s, -
~-

sc 

Fig . 2. Block dia<4r am of the electronics. 

to apau crtamSt1 
lt<rgn 

af - amplifier-shaper, cd - coincidence and discriminator circuit, sc -scaler, 
c oinc. - coincidence cir c uit, d - delay circuit, cg - control g enerator, 
s - splitter, D - d iscriminator, LA - linear amplifier, add - adding circuit, 
SC - slow c oincidence circuit, OD - output discriminator, LG- - linear gate, 
A C - amplitud e convertor, P - printer, CF - cathode follower, Amp - amp
lifie r, PA - power amplifier, PA-100 - a hundred-cha nnel pulse-heig ht 
analyser. Sl." •• s

4 
- scintillation counters, c

1
, c

2 
- Cerenkov gamma- s pec

trometers, -sCH - spar k chambers. 
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dis t ributions obta ined experimentall y fo r 80 d ecays: x
0 
.. y+ y . 

b een o btained b y the Monte-Carlo method by modelling the 

N+'lo (.,o .. y+y) 
N+"o+"o 

" +p .. N+"o+.,o 

N + tuo 

N + f
0 

(wo .. " o +y) 
( f 0 .. " 0 + "0 ) 

using th e electr o nic computer. Curve (2) is a backgr ound c urve (the sum 
of p r ocesses 2-5). 
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