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Introduction 

'The importance of the experime ntal determination of the partial widths 

of the V-+e + e- decays( 1) af vector mesons has been stres sed several 

times/
1

-
5

/. These decay probabilities are related to the important prob­

lems of strong and electromagnetic interactions. Howeve r, despite some 
/6-10/ 

attempts to experimentally determine e + e- decay rates we have 

only the evaluations of the uppe r limits of these probabilities. 

The difficulty to observe the above decays is clue to the fact that 

they are very rare (at least of the order of magnitude of 10-
4 

of the 

basic decay mode). This cir·curnstance makes it n ecessary t o sc·roarnte 

th e effect from the larg e number of imitating processes a monq •vhich p ion 

production is o f importance. 

In our experiment in order to separate e + decays a n ew method 

has been used of jointly operating s park chambers and CPrenkov g,> m-
/1114/ 

mo.-spectrometers ' • The advantages of this method are rts fo llows : 

1) A possibility to measure both the angles of particle emer g ence 

and their energies, and, hence, to calculate the e ffective mass of the 

resona.nce . 

2) Hig h apparatus sensitivity to particles of the sho wer o rig in 

(pllotons a nd e l ectrons). 

3) A possi b ility to simultaneously detect \he processes Y ~ e-.-,.·-

\ ·• y y and Y • rr 
0 y in a wide ran!2_e of effective masses, wh ich 

Rllows to .sc:. fely 111easure r clRtive dccu.y r ates . 

The •neast tre ment of the process<"s \ .. 11 ° ) is of s p ecial intcr·esl 

and besides a ll ows to safely determine quantitative l y thE' r ela tive pr·olxl­

bilities of e l ectron decays of vector mesons . Strictl y s p 0a1zing , th<~ matte r 

is tha t in our experim<'>nt s the differential c ross sec tio n o f l hco' process : 

TT + p .._. e+ + e-+ n 

is measured. In order to det e rmine the partial width of \he 1 .. ,.+e - decay 

using the value o f this c ross section \he experimental d r,ta a r e nec0ssary 

not only on the differential cross s e ction o f vector cneson production 



but also on its density matrix. Unfortunately , the available data are not 

comple te, The measurement of the process v ... " 0 y simultaneously 

with the process V ... e + e- eliminates this difficulty since the angular 

distributions of these processes c oincide to an accuracy of 10-
6 

(see 

Apperrlix I). 

This note reports on the first run as a result of which e + e- pair 

production cross sections have been measured in the reactions 

n+w~n+ e++ (2a) 

TT- + p -+ n + p _. n + e ++ (2b) 

n+c/> ... n+t!++e-
(2c) 

a nd o n the evaluation of the relative decay rates of the lepton decays 

of vector parti c l es. Data on the study of V ... "
0 

y 

treatment and will be publi shed la te r. 

process a re under 

2, Description of Experime ntal Apparatus 

Vector mesons were produced by 4.0 GeV/c pions ( !'! p/p = "!:_1.5')b) 

in a liquid hydrogen target 50 em long in reaction (2). In order. to sepa­

ra te l epton decays use was made of a two--channel syst em of jointly 

o p e r a ting spark chambers a n d C erenkov total a bsorption gamma-spectro-

mete r s . 

F'or each event tl<i s s ystem rna.'<es it possible to measure three 

parame ters : the e n ergies r: 1 a nd F. 2 of electrons produced as a re-

suit o f the vect.or particle clecay a rrl the opening a n g le ( 0 l between 

the m. The k n owledge o f the a b ove three par ameters a llows to calculate 

the e ffective mass o f the even/
14

/. 

A schema tic view o f the experime nta l geometry a nd apparatus is 

shown in F'ig . 1. Scintillation counters ~ 1 and S 2 serve to monitor the 

incid e nt particle b eam. Spark c hambers in each o f two identical chan-

·1 

-----~ 
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origin brass plates of thE 
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1ilabl e data are not 

simultaneously 

;ince the angular 

-6 ( tracy of 10 see 

of which e + e - pair 

1e reactions 

(2a) 

(2b) 

(2c) 

the lepton decays 

process are. under 

.ratus 

.ons ( 6. pIp = "!:_1.5')(,) 

:2). In order. to sepa­

syst em of jointly 

:::.tion gamma-spectro-

to measure three 

produced as a re-

between 

a llo ws to calculate 

ry and apparatus is 

~rve to monitor the 

wo identical chan-

nels are a system of four modules of the 50x50 cm
2 

fiducial area each 

and a 10 em discharge gap. For conversion of particles of the shower 

origin brass plates of the total thickness of 1.2 (0.4x3) rad. units are 

placed in front of the second and subsequent chambers. 

In order to increase the triggering efficiency of the spark cha mber 
2 

system the counters 5 8 and S 4 50x50 em large and 2 em thick are 

put between the counters and the Cerenkov gamma.- spectrometers. 
3 3 

Lead glass of high transparency 50x50x30 em and 50x50x20cm 

large, respectively, is used as radiator material in Cerenkov gamma-spec­

trometers. In order to collect Cerenkov light use is made of nine photo­

multipliers having a 17 em photocathode diameter. 

The system of spark chambers is triggered by the S 1 5 2 S 85 4C 1 C 2 

coincidences if 

From the kinematic analysis of the process the account of the energy 

resolution of y -spectrometers in our experiment the tt.\-eshold values 

have been found : E~ • E
0
2 = 0,5 GeV and E 

0 
= 3 GeV. The opti-nal ex­

perimental arrangement is found from the kinematic analysis of reactions 

(2) and corresponds to geometry when the direction of electron emergence 

at a minimum angle is near the detector axes. In this geometry the device 

is most sensitive to peripheral interactions when the momentum transferred 

to the nucleon is small. The optimal .geometry and the curve of efficiency 

dependence upon the values of the momentum transfer have been calcu­

lated by using the electronic computer. The analysis of energy spectra 

of decay electrons from processes (2) in the optimal geometry shows that 

within solid angles viewed by detectors, electron energy spectra in each 
E -

channel have the maximum at E 1c E 2 • T , where E ,-- is the energy of 

the incident particle. It is evident that another condition also holds; 

namely, the energy sum E 1 + E 2 equals the energy of the incident pion to 

an accuracy of the nucleon momentum transfer. The above conditions 

allow to use in measurements the logic system for selecting events of 

interest and thus, to considerably reduce the background. 

5 



3. Calibration 

Cere nkov gamma- spectrometers were calibr a ted with an e lectron 

beam in the energy r a nge from 1.5 to 4 GeV. Spectrometers operate li­

nearly in this energy range the energy r esolution being about ~5-7o/o. 

For effective mass calibr ation of the a ppara tus o n '7 ... y y and w ... 7T
0 Y 

decays wer e used which had been obtained simultaneousl y in the same 

e x periment. 

4 . Experimental Procedure 

The total number of negative pions passed through a liquid hydrogen 

target during the runs was about 3.10
9

• W e took 20000 pictures of the 

spark chambers. From these pictures 46 were selected h a ving a single, 

and onlv single, track of the c harged particle in the 1-s t a nd 2-nd 

channels. 

There is pronounced p eak with a centre a t the energy equal to 

that of incident pions and the halfwidth at the halfma ximum of about 

0 . 3 GeV in the F. 1 + 1': 2 e n er gy distribution for 46 events. This agrees 

with the ener gy resolution of the gamma-spe ctrometers calculated from 

the resolving power of the Cerenkov s pectrometer used. Hence, in the 

experimental conditions, the decays of meson produced in peripheral "-P 

interactions were mainly <ietected. Only events of the total energy 

(4 ~ 0.4) GeV (25 events) were included in the final list of (e +e) events, 

which corresponds to the interval o f two standard deviations. 

The distribution for 25 candidates on the opening angle 0 1 • ~ (Fig.3) 

has its maximum a t the minimum a n gle for two-particle decays of p -

and w -mesohs a t 4 GeV: 0 min= 2 a rc sin (m/E). This shows that 

the apparatus detected, mainly, p- a nd w - mesons. The events at 

angles smaller than 20° a r e due to the gamma-gamma c onversion in the 

liquid hydro_gen target and spark chamber walls. The quantitative eva­

luations of the conversion will be given below. Here we note that events 

having the opening angle larger than 20 °( 0 min;;; 22° for p- and 

6 

w -mesons) should be i 

by two standard deviation 
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~r used. Hence, in the 

::x:luced in peripheral IT-p 

f the total e n e r gy 

ina! list of (e + e l events, 

ti deviations. 

:>pening angle 0 1 , 3 (F1g.3) 

'lrlicle decays of p -

m/E). This shows that 

nesons. The events at 

\amma conversion in the 

The quantitative eva­

-Iere we note that events 

= 22° for p-and 
n 

w -mesons) should be included in the final list of events, if selection 

by two standard deviations is used for the accuracy of determining th e 

angle in the experiment. 

The distribution for 25 candidates on the effective mass 

(3) 

is shown in Fig. 4a. It shows, the same as the opening a ngle distribu­

tion, events having p arrl w masses arrl the admixture of events 

having masses in the interval from 450 to 650 MeV. 

The distribution for events selected from 25 was plotted in Fig. 4b 

using the above criteria: E ( V) = (4.0~0.4) GeV, the opening angle 

(} ( e + e l) 20 °. Thus, 19' events were selected. Naturally , the peak in 

the w arrl p -meson interval in this Fig. ,4b is seen much better. One 

event in the 1100 MeV mass interval can be identified as the ¢ ... e+e­

decay. Solid curves in Figs. 3 and 4 are the oretical distributions cal­

culated by the Monte- Carlo method for the w -. e + e- decays. In the 

calculation use was mad e of the values of the mass M ( w )• 783 MeV a nd 

the width 1( w )•0 and the dependence of the differential cross sec­

tion of w -meson production from t (the square of the four-momentum 

transfer) approximated by the expressior/
21

/: 

da/dt ,. exp(4t), (4) 

The kinematical selection for the V .. e+e-events is shown in Fig .5. 

Each event from 25 is shown in this figure by a point at the plane 

where along the ordinate axes there is the energy ratio for two decay 

particles, E •t 1 E 
03 

, whereas along the absciss there is an opening 

angle. Curves 2 and 3 are theoretical ones calculated for the p .. e + . ­

arrl w .. e + .- decays a t 4 GeV "--meson energy. Curves 1 and 4 are 

boundaries for the position of curves 2 and 3 corresponding to t w o 

standard deviations from the e nergy and a n g le resolutio ns of the apparatus. 

As is seen from the Fig. 5, in the interval two stan rlard deviations 

wide there are 13 events which were identified as p - and w -

7 



meson decays into the (e.,. e} pairs. One even t was identified as the 

¢ .. e + e- decay. The events strictly identified as (e + e} decays o f p -, 

w - and ¢ - mesons are shaded in Figs. 2-4 • As p o ssi b l e back -

ground sources the following processes were considered: 

1. S i mulation of e + e- events by rr rr -pairs. A special run was 

carried out in order to clarify possible rr rr - pair contribution. The ob­

tained data show that the probability of electron simulation by the pion, 

unrler the condition that the y have an equal momentum, does not exceed 

5.10-
4

, h ence, for the overall system this probability is not larger than 

2.5.10-
7

• 

2. The reactions of e + e- -pa1r production in rr -interactions 

avoiding resonance states in the e + e- system (including Dalitz pairs, 

i.e. the r lecay modes w .. rr 0 o + e - or rr 0 
.. y e + e-). As is shown in Ap­

p endix III, the contribution of these pairs is negligibl y small, if e + e- -

pairs having the effective mass M 0! 0.5 GeV are detected, 

3. Conversion due to gamma-gamma events in the spark-chamber 

walls and in the target . In order to deter mine the values of the conver­

sion bac'<g round the experimental data on gam"na-gamma events obtained 

simultaneously with the data on e + e - -events were used, Gamma-gamma. 

events were selected accorrling the criteria analogous t o that which 

were employect in selecting e + e - -event s . The evaluati ons show that 

the value of the conversion backgrourd in the mass interval from 450 

to 650 MeV is 5 events, wh ereas in the mass interval from 650 to 950 MeV 

it does not exceed 1.4 event, which is about 10% of the number of 

(e + e} events indentified as vector particle decays. 

5 , Experimental Results 

Since in the experiment the different ial cross section of processes 

(2) were measured in some angle region, then in treating the data it is 

necessary to tal<e into account angular distributions both of vector par­

ticle production and decays. 

8 
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was identified as the 
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). As is shown in Ap­
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uogous to that which 
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nass interval from 450 

nterval from 650 to 950MeV 

to/o of the number of 

·s. 

.tits 

•ss section of processes 

1 treating the d ata it is 

ions both of vector par-

As is shown in Appendix II, the cross section of proc esses (2) 

can b e \'Vl"itten as 

oa = da d;l ! ~, , ]_ ,_!_ll-W
00

(8*, <llll· f (m " ldm 2 

v fl r 4rr 2 (5) 

wher e d a v is the cross section of vector particle production, ra I r 
1 * 

the value measured in the present experiment, 3/ 4 rr • -r [ 1 - w00 ( () <ll) J dO 
0 

is the a ngular <iistribution of e + e- decay products in the vector particle 

rest system. The coordinate axes are taken so that the a xis is 

dlrected along the pion beam, whereas the axis is g oing along the 

normal to the reaction plane, f ( m 2 ) d rn 2 is the mass d istribution of the 

unstable particle . The fact that in the exp e riment the cross sections of 

the processes v _. o -'- ,. - and v _. rr 0 y are measured simultaneously, . 

all the factors in formula (5) are similar (expect for r a ), allows to 

exclude unknown factors and determine the ratio r + ~r rfy by us i n g the 
c e 

ratio of the above cross sections. However, the rlata on the v _. 11 ° y 

process have not been treated. Therefore, the values d a and 

Woo ( 0 *. <ll ) take n from the literature/
12

•
13

• 
19

/ were substituted to 

formula (5). The angular distributions of vector m esons in reactions (2) 

were ta.l<en in the form of (4) . At present the rlata on the w -meson pro-

duction density matrix a re most u nce rtain. As far as p - and w -

meson production rfen s ity matrix is concerned, p 00 .. 0,5-0.8/
13

/ wh ereas 

p 
10 

and p 
1

_ 1 are small ( -;;. 0.1). It can be shown that for our geome try 

the above information i s sufficient to o btain required evaluations. Indeed , 

in the experime nt, the a ngle () has the values in the interval from 

70°-110°. In this angle r e,;;i o n and the uncertainty interval of the d e n-

sity matrices the e xpressi on 3/2 I 1 - ~· 00 ( 0 .* <1> ) I is varied within 

S: 3 / 2 [ 1 - W 00 ( 0 *. <I> ) J ~ I , 3 

Our expe rimental rfata can be g iven as follows: 

r (w -o e+e/. u t (w)-(0,45+0,12), 10-<mb 
J"(w) 

9 

(6) 

(7) 



In such a form they do not deperrl on the data of other experiments an:! 

certain physical suggestions, Assume that electromag netic current is 

transformed according to the octet representation of S U (3 l an:! let (} = 38° 

for the w- c/> mixing a ngle. Corrections for the S U ( 3 l symmetry viola-

lion a re introrJuced using the linear dependence f' ( V .. e + e- l 

vector particle rrass/
3

/. 

on the 

For the cross sections a 
1 

( p l . a 
1 

( w l an:! a 
1 

( </> l the following 

data/
19•12/ are used: 

a 1 (p) =(0 .75±0 .13)mb 

a 1 (w) ~ ( 0 .34..:t 0 .07) mb 

a 1 ( </>) a ( 0 .009 ~ 0.005) mb 

Under these assumptions from (6) and (7) one c an make two irrle-­

perrlent evaluations of the important physical parameter: the width of the 

vector meson octet decay into e+ and e: 

f' ( V
8 

.. e + e -) ( 0 .45 ± 0 .14) • 10-2 MeV (8) 

I. ( V 8 .. c + e - ) "'- 2 .6 • I 0 -
2 

Me V .., (9) 

As is seen, both the eva luations are in agreement, 'I'he evaluations 

correspond to the following ratios: 

f' ( p .. e + e) = ( 0,39 ± 0 ,12) • 10- 4 

f'(p) 

f'(w .. e + e - ) = ( 0,48 .± 0,1 5 )o!0- 4 

f'(w) 

f' ( </>-> e + e-) ::; 2 • !0 -a 

f'(</>) 

In o rder to compare the width i' ( v 8 .. e + e-) with indirect estimates let 

us e x press it by the V - y -interaction cons tant: g m 2 <ll., Afl which 
v y v ,-

is of importance for electromagnetic processes. Here m .. is vector par-

ticle mass, <!J is the oper ator of the meson field, A I'-
ll 

is the vector-

potential of the electromagnetic field. 

10 
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u 0 .2 4 
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N o t e : 'I'he basic da 

at th0 J<. Ill International C 
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assumptio n thn.t the w - t 

with our data within expe 
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:J.ta of other experiments and 

~trornagnetic current is 

.tlon of SU(3) and let () 238° 

<e S U ( 3 ) symmetry viola-

1ce 1 ( Y -+ e + e- ) on the 

tnd a t ( ¢) the following 

?) one can make two inde­

parameter: the width of the 

to - 2 ~IcY (a) 

(9) 

agreement. The evaluations 

-· 
_, 

!0 

lith indirect estimates l e t 

3tant: gvym: <1>/1 All which 

s. Here m 

field, A I" 

is vector par­

is the vector-

CalcUlation provides/
1/1 ( p .. e + e-) ;.; g ~~ . , . r 4: 

(8) w e find: 

And from 

where a is the fine str ucture constant. If one assumes that the electro-

mag n etic structure of the pio n is completely due to the I' -meson, the 

charge of the pion is expres s(.>(] using 
2 ~ 2 

g f1Y as follows: e D syp • rprrrr 
• 2 

If f ~ 
prrrr 

is ta'<een 

an evaluation w n s 

from the p -+ 2 rr decay wtdth, gyp • 0,42 • a Recently 

made/ J S/ of the same cons tant from the p -meson 

photoprocluction cross s ectl.on at small a n g les and the follo wing value 

was found : g 2PY ~ 0.24 • a· ( 1:!:_0.3). Thus, our evaluation of t h e 

I ' ( v 
6

-+ "+ • - l width within experimental e rrors a g rees "vith indirect 

evaluations. 

N o t e : The basic datd of the pres ent investigation were reported 

at the ;<,III International Conference on High Energy Physics, Berk eley. 

Recently A Wehmann e t a l./
2o/ have measured the ratio 

1(p .. /l+/1- )e (4.3+1.4).10-5 • This value has been obtained unrler the 
1 ( p .. 2 ") --

assumption thn.t the cv -meson c ontribution is negligibly small and a grees 

with our data within experimental errors. 
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APPENDIX 

Angular Distributions of the Processes 

0 + 
V ~ e + e and vo 0 

.. IT + y 

Let us tal<:e the den s ity matrix < m I p I m '> in the vector particle 

r est system : A. and Ab are spiralities of the d e cay particles. Using 

the me thods o f refs ./
16

•
17

/ f o r the a n g ula r distribution of the two-particle 

decay we have: 

(2 l(m- m ' )<J> 1 1 ( ) 
W 1 (1J*, ({• ) a N;~ I A (A 0 , Ab 11 e d MA(IJ*) d~v•Y'}*l<m l plm "> 1.1 

" b 

N' is normaliza tion, A= A. -A b are coordinate axes tal< e n according 

to F ig , 6. 

Acc o rding to the require me nts of the H ermitian character p , SP pm I 

and from the symmetry condition <m lp l m'> = (-1 )m -m'<- m IP1- m'> (the inva­

ria n ce with respect t o r e flection) we h a ve the u s u al p a r a metrizatio n 

< 111 I p I rn' > 

p ll p 10 

* p IQ 1- 2p II 

p 1- I - p 10 

P I -I 

* - p 10 

p ll 

Poo I - 2p11 ,p11 ,pl-1 
are real 

numbers 

C ons id e r the process v0 .. P + y In this c a se A • 20, Ab =+ 1 

From invaria n c e with res p ect to s pace refle ction we find: 

A ( 0 , + I ) = - A (0 , - I ) . 

T h us, the a n g ular rf i s tribution i s e xpre s sed o nly by one dynamic 

para me te r d escribing the d ecay. From 1.1 we obtain 

w 0 W*,cf>l = Y. [I-w
00 

( IJ*, cl>l )- 3-r 
I 417 PY ( 1,2 ) 

12 

I 

where Woo • Poo c os2 IJ* + P 

- y2 I 

coincides with the angula r 

r m2IA(O +1> 12 
is the wic PY 

Consider the v 0 
.. e + + 

and the invaria nce require 

lA( + ~, + ~l l 2 c lA (-

Thus, the a n g ula r distrib utl 

pendent par a me ters. Using 

easy to find : 

WI> I> (IJ*. <I> >= 2[ I A 

E x pres s ion ( 1.4 ) is a cons• 

tion laws only . U sing the f< 

b y q uantum e l ectrodynamics 

tha n the s econd one. 

The a mplitude < p 'A 

a pproxima tion) 

vhe r e 

< P' A A I ' I O • b l p. 

< j!A •Ab 1/ l o>c;;>. 

Yp. ; uA , vA a r e D i r a c matr 

is a n opera tor of the mome 1 

finrl the a mplitudes of inte r e 

into the total momentum rep1 

2 
A(+ Y. .:t. Y. >= .;- <OII JII 1> '2. f < 

q m 



'rocesses 

0 
+ y 

In the vector particle 

e decay particles. Using 

:>ution of the two-particle 

~(O*l<mlplm "'> ( 1,1) 

~ axes taken according 

itian character p , sP p ~ 1 

-m'<- m IP1 -m '> (the inva-

;ual parametrization 

are real 
numbers 

ase >.. =0, >.h =+1 

~ction we fin::!: 

only by one dynamic 

-I' 
PY ( 1,2) 

I 
J 

where W 2 (}* · 2
""' ••"n 2 0* cos2"'-oo • p 00 cos + p s1n v· - p "' 

11 1-1 

-y2 Rep 
10 

sin20* cos <I> (1.3) 

coincides with the angular distribution of the V0 ~ P + P decay. 

r a2IA(O+lll
2 

is the width of the V
0

-+P +y decay. PY 
Consider the v 0 

.. e + + e- decay, In this case >- . • .::!:. 1/2, >. h =.::!:_1/2 

and the invariance requirement with respect to the reflection gives 

Thus, the angular distribution of the decay is expressed with two inde-­

pendent parameters. Using (1.1) and the real form of d -functions it is 

easy to find: 

Expression ( 1,4) is a consequence of the momentum a n rl parity conserva­

tion laws only. Using the fact that a fraction of the process is rlescribed 

b y quantum electrodynamics, show that the first t e rm is always small e r 

tha n the secon:::l one. 

The amplitude <p'>.•>.h!Ailm>should be of the form (singlephoton 

approximation) 

vhere 
(1. 5) 

y P. ; u >. , v >. are Dirac matrices an::! spinors, J p. - hadron current S
2 

is an operator of the momentum projection at the .j. p axis. In order to 

finrl the amplitudes of interest matrix e leme nt (1,5) should be transformed 

into the total momentum representation 

(1. 6) 

13 



Here <0\ JIL \lm>=<O \\J\\ l>o,.m is used. Calculation (1.6) provides: 

I A(- ~>.+i-ll\ 2 ~ 2(~)2 :.\ ( -Y,,-Y,l\~ 
' nlv ' (I.?) 

where m. is e lectron mass, m v is vector particlE:· mass. Compotring 

(1. 7), (1.4) and (1.2) one can see that the angular distributions of the 

precesses vo ..... t> ++ e - and vo -+ "o +y coincide to an i'iCCuracy of 

many orrlers of magnitude exceerling th5.t of the pres ent day experiment. 

14 

The d ifferential c 

17 + I' 

are of the form 

4" l P ds du a --- t __ I P2 
VE

17
E

0 
F: 1 ~ 

where P" , P
0 

,E" ,E
0 

n r 

their relative velocity, 

menta and energies of 

sldual particles, 

element. 

A 
p 

Reactions (IL 1) a 

I. Production of the unste 

The kinematics o 

first stage is considere 

sidered in the V-partlcl 

summed momentum of 

t • P1 +P2 and the mome 1 

phase space as folloW> 

ds t d
8 

Pa E. 
~[-,-r.; 

0 

Since the first factor i~ 

also invariant and they 

In the system where 

is of the form: 



Calculation (I.6) provides: 

(!.7) 

~"irticlE· mass. Comp:tring 

:?,ul a r distributions of the 

tncid e to an a ccuracy of 

he present day experiment. 

APPENDIX. II 

The differential cross section of the r eactio ns 

+ e + e + n 

1t + p .. 

are of the form 

da a 
VE

71
E

0 

(II.1) 

(II. 2) 

2 
P, >l ' 

where 1'71 , P P ,E
71 

,E
0 

a re momenta and energies of initial particles, Y is 

their relative velocity, P, P 2 P 3 • F: 1 F: 2 F: 3 are three-<limensional mo-

menta and energie s of residual particle s,. ,\ 1 • ,\ 2 • ,\a are spiralities o f re--

sldual particle s , 

ele me nt. 

,\ 
p is proton spira lity, <M > is an invaria nt ma tri x 

Rea ctions (IL 1) a nd (IL 2) will b e consid ered as g oing in t w o stages: 

I. Production of the unstable particle V; II. The V parti c l e dec a y. 

The k inematic s o f these processes is espe cia lly simple when the 

first stag e is consid e red in the 11 p c.m.s., whereas the decay is con­

sidered in the V-partlcle rest system. In this connection introduce th e 

summed momentum of particles 1 and 2 (the V particle momentum) 

t•I'1 +P
2 

and the mome ntum <i- ~(P 1 -P2 l a nd tr d n s forrn the invaria nt 

phase space as follows: 

(II.4) 

Since the first factor is relativistically invariant, the second factor is 

also invariant and they can be considered in different coordinate systems. 

In the system where t = 0 (the V-particle rest system) the second factor 

is of the form: 

15 



m 2 
,;~ _, 2 q dqd{1 

q v '"2 + q 2 

where m m ,;~ +>/m~ + q2 is the V particle mass by definition. Pas-

sing from the variable q to the variable m we have for the phase 

soace: 

d~ !__t 
Ea t o 

4 dm 2 
8 (t+P -P -P ]q-- dfl 

a rr P 2m q 
(II.5) 

If the V particle is con sider ed to be stable, the invariant matrix e lement 

contains the fa ctor 8 ( m 2 
- m; a nd the integration over the e ffective 

mass is of formal importance. If according to the same e xperimental con­

ditions it is necessary to take into account the final resonance width, the n 

instead of the 8 -func tio n the distribution/
18

/ is introduced of the type : 

l ' (m) 

17 (m~ - _;2)2 + r 2 
(m) (II.6) 

Invariant fa ctor ( fi.6) can be considered as a part o f the propagator cor­

rel.ating the production and the decay of the unstable particle. The matrix 

element ·\I should be given as the sum of the products of invariant 

co--factors: 

<.\ 1 P 1 A2 P 2 .\ 8 P 3 a iM'I.\, P 0 P11 > ~ < ,\ 1 P 1 ,\ 2 P 2 a I A I tA J > x 
All v v 

X < tA • J v p 3 ,\ 3 I R ! ,\ p p p p 17 > 

here < ,\
1 

P 1 .\ 2 P2 a i Ai tAv J v > is the decay a mplitude, Jv is the unstable 

particle s pin, ,\ v is i ts spirality , alpha numerates the decay channel, 

< t ,\v J v P
3 

,\ 
3 

I R I .\
0 

P
0 

P 17 > is the reaction amplitude. The strike of M 

means that M ' differs from M by a factor type (II.6). Now use rela-

tivistic invariance and write A in the rest system of the V particle: 

<A I pI ,\ 2 r a I Aj7 J v A v > =<A ', ; A '2 -qa I A I OJ v Av > 

16 

The spiralities of residua 

c hanged. However, furthet 

have no effect. 

The relative decay 

of (II.5), is written as: 

The amplitude A is norrr 

over all particle channels 

ticle production. 

In the literature/
17 

/ 

axes system is usually c ­

res t system). 

The transition to !hi 

ticle rest system : 

<A'1 q>.; -qa l A ! OJ A > 
v 

This rotation takes the s~ 

over to the pion momentut 

Introduce the densit· 

2 
417 

<M' Ip iM> = V[ f~ 2 ( 
17 p 

X< i 

The differe ntial cross sE 

ten as: 

Introduce also the n 

< \ 

U <; ing the introduc•>< 

(II.'l) a nr l (11. 2) cn11 b e> w r i 



ss by definition. Pas­

, have for the phase 

I 
• Q (II.5) 

invariant matrix e lement 

i o n over the effective 

s a me experimental con­

final r esonance width, then 

; introduc ed of the type: 

(II.6) 

rt o f the propagator cor­

table particle. The matrix 

p r oducts of invariant 

ude, J v is the unstable 

:es the decay channel, 

.itude. The strike of M 

9 (II.6). Now use rela­

tem of the v particle: 

The spiralities of residual particles in such Lorentz transformation are 

changed. However, further they will be summed up and the change will 

have no effect. 

The relative decay probability of the channel a (with the acc ount 

of (IL 5), is written as: 

The amplitude ~ is normalized so that on summing the cross section 

over all particle channels we obtain tho cross section of unstable par­

ticle production. 

In the literature/
17

/ the density matrix of unstable particles in fl>c 

axes system is usually considered as shown in F'ig. 6 (the V-particle 

rest system). 

The transition to this axes system is made by rotating the V-par­

ticle rest system: 

~ <A'qA' - qaJA\OJM >Il~1 >,.(w) 
M 

This rotation takes the spin projecti on from the V particle momentum 

over to the pion momentum. 

Intr oduce the density matrix: 

x<A 0 P0 PrrfH\AvJv t>*DL(w). 

The differential cross section of the V -particle production is wt·it-

ten as: 
da 

ill Spp 

Introduce also the normal ized density matrix 

<M' ' p!M> 
<M'\ p \M> 

Sp p 

Using the intrcxlucPCl determinations the cross section of t·c·<ections 

(11. 1) and (11.2) c<111 lw writt<:.n as 

17 



d!1 d!1 t <.\.'1 q.\. 2' -~alA IOJM'>*<M' IP~M> x 
P qMM' 

.\.;.\.; 
x< JMO I A I .\. '1 ~ .\. ' -~a >--'l..___f(m2 ldm 2 

2 2m , 

where f(m
2

) =8(m
2 -m~) or (II.6). Using Appendix I and the defini-

r 
tion T we find fo r the cross section 

da d fl f(m 2 )dm 2 __'!_(-3-l t I A(A ,A >l 2
ei(M-M')cf>dJ (81<)d 1 ,(IJ"l X 

v q 2m 471 A; A; 1 2 IM 1M 

I , (II.7) 
MM 

x<M'I i>IM> = davdn, r; ~}-.[!- Woo(IJIJ,cf>)]f(m2 )dm2 

18 

Consider the con:....-

strongly interacting parti 

resonance state in the ( 

In other words, co 

a + b 

where 

element of process (rn.1: 

~1 = 

is the four-climens io 

where P2 and P
1 

are 

spinors and Dirac matric 

ractions. The differential 

using formula (rr.s): 

477 
2 

1 d 
3

1 
da = ---- fi-

V E
8 

F.b 2 1 F. 

where P 1 -momenta of 

Integrating this expressic 

a nd d istinctly separating 

da • 

\Vhere m = 2 v m: + q2 n: 

invariant function of the 

poles on ?. 
Ill correspor 

ana has been considerec 



O...ppendix I and the defini-

APPEND!'< Ill 

Consider the conJ'ibution of (e + e }-pairs produced in collisions of 

strongly interacting particles when this process does not go through the 

resonance state in the (e + e }-channel, 

In other words, consider the reaction 

a + b ..... c + d + ___ _ + + e + e (III.1) 

where --- a re any strongly interacting particles. 'I'he matrix 

element of process (III,1) is given as 

2 
MeJ/1~:(P 2 )y/1 v(P 1 )) (III. 2) 

is the four-dimensional momentum of the virtual photon ( t = P 1 + P2 , 

where P2 and P 
1 

are electron and positron momenta), u ( P2 ), v(P 1), yll­

spinors and Dirac matrices, J 
11 

- the operator, describing strong inte­

ractions. The differential cross section of. process (III. 1) can be written 

using formula (II.5): 

da = (III.3) 

where P 1 -momenta of particles of the final state expect and + e , e . 

Integrating this expression over passing over to -; = 0 

and distinctly separating the dependence of M upon , we find: 

(III.4) 

\vher e m = 2 V m; + 4
2 is electron mass, is the relativistically 

invariant function of the e lectron mass. The assumption that f( '" l has 

poles on 
2 

m cor res ponds to that on resonances in the e + e- -system 

anct has been considered in Appendix II. 
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Con s ide r the case when r is weakly dep endent o n on (t her e is 

no r esonance in the (e + e } - system, h owever, the processes o f 

V 
0 ~ rr 0 + e+ + c - . TT 0 -+ y + e+ + e- r e fe r t o the case i n question as thes e a r e 

r esona nce s in a not h e r c h a nnel) . From formula (III.4) it is seen tha t da 

has a very sharp peak n ea r m ~ 2m e The upper- limit of the n un-.-

ber o f pairs h a ving the e ffective mass m larger than the g iven value 

M (t o the total number n f pairs , p r oduc ed in p rocess HI. l) is writte n as 

N ( m > M) 

N 
to t 

(~)3 (rn. 5) 

From for mula (IH. 5) i t i s seen that w ith m ~ 0.5 GeV th e contributio n o f 

the n o nresonan ce ( e +e-) pair s i s n eglig ibly s ma ll. Thi s i s a l so valid to s uch 

cases w hen the number o f r esonance pairs is con s iderabl y smaller than 

the t otal number of nonresonance pairs Nto t (fo r instance 

Ntot (w ... rr 0 + e + + e - ) 

N(w-+ e++ e ) 
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Fig . 1. Schematic view of the exp erimental a rra n gement and geometry 
S1 , S~ , 58 , 54 are scintilla ti o n counters. C1 , c~ a re Cerenkov 

t otal absorpti o n gamma- spectr omet e r s . 1! 2 is a liquid hydrogen 
target 50 ern long . 

> tO 
<U 

<.:> 
~ 

C:) 

N 
ru a. 
;3 

~ 
-... 
0 

"' "' o&> 
E 
::;) 

:z 
2,4 

46 events 

2,8 3,2 3,6 4,0 

~events whLch satLsiY 
~ p• ,w• and 'r KLJ1ematLcs 

4,4 4,! 5,2 5,6 

Total: ene19~ of e•e- even·ts Ln tiev 

Fig. 2 . SLun distl'i l.;ution or the c·n c r·gy ( v 1 + F:.! ) fo r 116 pv·ents . F'oc Ht'! 
ful'thcr l.1tltl l vs is the:> evr!nts \VC'r0 k\kcn \Yh0':3'? tokd C'IL(~ t·q,v \V<ts 

in the eru.:-l~r,.:,y rctn~.=!·' 3 . 6 < ( F I t v 2 )< '1 . 11 C"lt~V •"'~ncl r t > n:::>Gc\1; 
r. ~ "> o. ~> G1?V. 

9rnl. 
fO 

• 
C\1 

I') 
cu a. 
V'l 5 

i 
C) 
~ cu 
~ 

E 
:::1 z 0 

IE 

l_·'i~~ . :t OoeninrJ, an::-tlr_• 
according to "! 
continuous C\..l.r' 



rangement ard geometry 
ers. c 1 , c~ are Cerenkov 

11 2 is a liquid hydrog en 

; events whLcll satLsf<J 
' r•,w•anct 'f'Ki.llematLcs 

4,5 5,2 5,6 

mts Ln ~ev 

+ F:.! ) (Qr' ,16 events. F'ot· H 10 

.ken \d'1n·_-;t;o tokll Pt IPI'_IJ,y was 
)< 1 , 1 Gt"V ,"O'f1Cl f 1 '0.5GcV; 

fO 

8ml.n('1.•) 

' 

25 events 
9ml.n.(p•) 
eri,Ln(w•) 

h 
9miJt('f") 

• 
~WJJ events satLsfyLnp 
~ p•,w• and ,,.KtnematLcs 

l· · ~~· :~. Ooen in~ a_n_ctlc· (Ji~tribution lot~ 2~) CUI"ltiid.:tt cs f,)r p.lit-s sPl•'ctr•d 
according to s~rk chnml>er pictures and to total '•nerq,y. T·l.,_~ 

continuous cLU"Ve is a theoretical one calculated fo r w _,.,,.sons. 



., 
~ 5 
~ 
cu > 
-+-IV 
0~ 

£~ 
E"' J cu z o. 

25 evE?nts 
~ events satLsfyLnp . 
Wda p•, u)• anci lj" KLnematLCS 

a.) 

0 I , I __ I I I ...... £ ?///J,///ffff//f/fol I I V//A 

V) 5 e 
CU> 
> cv 
~~ 
oo 
r->10 

~I" 
E~ 
::> 
2 

i9 events 

~ events satLsfyLn9 
~ }> 0, u)' anci lJ°KLnematLCs 

b) 

0' I I I ~ I ', f ///d 

Fig . 

400 500 600 100 800 300 1000 1100 
Me•e-(Mev) 

'L Effective mass d istr ibutions fo r a ) 25 cand idates for e + 0 - - pairs 
sel ected accordin g t o spar k chamber p ictures and to the i r tota l 
ener g y; b) 1 9 cand idates for e + e- - pai rs sel ect ed; 1) accordi n g 
t o spar k chamber p ic tures: a s ing l e track o f the char e(ed particle 
in spar k chambers o f the firs t ancl second cha nne l "'- 2) accord­
i n g to the ir ener g y: E 1 > 0 .5 GeV; E 2 > 0 , 5 GeV a nd .1.6 < ( f 1+ f2l 
<1.,4 GeV. 3) accor d ing t o the openi n g an<:1 l eO, ,+ ,- J'Ji20°(in the 
lab.system). Continuous curve is a theoretica l one ca lcula ted 
fo r w -mesons. 

~ '1-

~ 
® 

@~ 
®~ 

"'-;;-----------®i'! - M?~ 

9 

$;, 

~ 
N 

~>"' 

i e 

~ 

:g 
e 

e'5S 

3 ~ 

li 3 /'a3 snfnaua ua7..1'Ji1Ja fa ano~ 

25 

51 

~ 

~ 

~ 

~ 

":a 

:;} 

I ... 
+ ... 

Q) 

... 
" 0.. 
c: 
0 

0'<> 
c: 

· --> c: ... g 

fll 

Qi c ~ 
5 Qi L 

c:So 
g_ Qi • 
:l s.. <f) 

<tl c 
~ 0 

~fJJC"') (/) 

ilJ 

-:. 'E ¥ 
• <tl 

"' 3 oN 
:;::: tn 

e~'E 
>- :l <tl 
l:,"u 
Qi "-
C _.-!. 
Qi 1' > 
~~0 
u >, 
t "!~ 
<0.0<:' 
0. ~ s... 

~C!.s 
u£-o 
Qi Qi 
uc ~ 

·- <tl • 
a>':::"3 
:S I tJ.> U . 

,_+ ~ 
o~u 
~ 

Qi Qi Ill 

giih~ 
Qi ~ 0. 

'E 01)~ • 

QJ .c 8 g- c:;:: 
Ci Qi ~ ' 

ui 
g. 

oiJ 
(£ 



~
 events satLsfyLng 

W
da p•, u)• anci IJ" KLnem

atLcs 

a.) 

1100 

~
 events satLsfyLn9 

EW
J ~o, w• and "!° KLnem

o.tLCS 

b) 

) 
1000 

If()() 

c
a

n
d

id
a

te
s
 

fo
r 

c +
,..,-

-
p

a
irs 

p
ic

tu
re

s
 

a
n

d
 

to 
th

e
ir 

to
ta

l 
9.irs

 
s

e
le

c
te

d
; 

1
) 

<'3.cco
rd

in
q 

tt·a
c
l<

 
o

f 
th

e 
c
h

a
rt(e

d
 

p
a

rtic
le 

e
c

o
n

d
 

c
h

a
n

n
e

!E
;. 

2) a
c
c
o

rc
l­

f:2
.• 0

.5 
G

e
V

 
a

n
d

 
.1.G

 <
(

l·:,+
f2) 

in
a

, anr..!le0(~+
..,-)lr20°(in 

th
e

 
te

o
re

tic
a

l 
o

n
e
 

c
a

lc
u

la
te

d
 

2
5

 

I ... +
 ... 

Q
) 



·ap!l-JOO ~ujA12::>ap 

C>4l JO walSJ\.s lSa.x "'4l U! sax12 areun:uoo::> "'4l JO uoJpa.xJp a4-r, •g ·~!d 



A.3HMOB M.A., Baro:IHH A.M., Benoyco!l A.C., rna.aKB H., El-3148 
)!(ypasnesa n.H., OcoCKOB r.A., Mallt(a H., MaTIOIDHH A.T., 
MaTIOIDHH B.T., cl>upKOBCKH P., Xa'laTypHll: M.H., XBac-ryuoB M.C., l.fynuno H. 
llJTapKOB n.H. 

+ -) Ha6n10.aeuae (e e -pacna.aoB ueATpanhHhlX BeKTopHhlX MeaoaoB 
C OONOIIUol:l CBC,..WW COaa.I.C:T.a ~a...ut .C&po..,_. BaW~ . ... ~--

(:-+: _)_::a;:e:::::;•.:':n:o:ov:o:ll:~t::.-:'~apa~w- c:,7:'~::/~~~~:.:. 

~:.~·=·==~·:;:,::: ::a:: ycTV·:::~T=:~·.,·::::,::.~~~~· 
BOCC1'aaaatUIMTio a aa-.aow eoe:w-rn ....... TWilllJI:I w.accy. 06upr_., 13co-<IWTJ1ft, •n•a<rw+•uapo N BBbiX au pac:flllllw: _.o ... •.- • p• .. • +,- • CHUtO 

Cof5b1TB•: .po .. ._+, - . 
H3 nolly,.•a•wx c• .. •nl • a~wx .. llli 'NpiTypw ce••••• o6pa30aaa•• 

,..o , pO • .p 0 -w•aoaoa cn•na•o AN .._ .. cawNJl onpea•n•n • mapaaw p~c-nana ot:Tfta aaaTopawx Na30aoa u • + a .- , 
riV1 .. ,+ + .-1 • (0 ,45 !_0, 14) ,102 Maa 
r{ V1 .. ,++.-I S 2.8, 10-2 M .. , 

.. TO COOTMTCTBYH OTBOIIIaBBRW aapon ii!OCft•: 

r<e;t;t~·- 1 - co,a~,t2) . to-4 ; crt~;:;·-1- c ~.48!9.1 &).10-4 ; 

3 
...... :.tr:l);!!:• 2s!2~• .QliB yt'M 61 - t; C N aiDaBU .. 15Wit0 BCitOl!WKINBO 

fipenpaHT ~~•••aaoro BBCTWTyTa ~epawa •ccne~oeaBBI. 
llyGu. 1967. 

Azimov M.A., Ba ldin A.M., Beloosov A.S., Hladky J ., Zhuravleva L .I., Ososkov G.A., E1-3148 

Manca J ., Matyushin A.T .. Matyushin V .T., Firkowski R , !Chachaturyan M.N ., Khvastunov M.S., 
Chuvilo I.V. , Shtarkov L.N. 

Observation of the ( e + e- l- Decay Madel of Neutral Vector Meaona 

The cross sec tions of ( e + e - ) pair production have been meas ured in the re actions rr- + p .. V 
0 

+n , 

V 0 -+e+ e- at Pm4.0 GeV/ c using a system of jointly operating s park chamb ers and Cerenkov total 

aba orption y-s pectrome ters . In contrast to e·arli e r techniques our apparatus made it possi ble to meas ure 

both the opening angles and the energiesoof the V 0 - particle decay products snd , hence, to determine 

its effe ctive mass in each event. 13 events were detected and identified as the p-+ e + e- and cu ... e+e ­

decays and one q, ... e + e- e vent . 

From the cross s ections obtained and total cross seciions for p , cu and ifJ-mesons known from 

the literature two independent determinations of the width of the vector meson oc tet decay into e + and 

e- have been made: f'(V8 -+ e+ +e-)•(0 .45 ±0.14)• H1'2 Me V; f'(V~e +e-~ <: 2 .6 • 10"
2 

MeV, which 
corresponds to probability rat ios: f'{ete+e-) = (0 .39 + 0.12 ) · 10"4 ; f'(cu .... ~1.. ( 0 .48 ± 0 .15)· 10 "4 

+;-) 
8 

of'(p) - f'(cul ['(ft;} e ~ 2.10- . The value (J. 38 was used for the cu-</> mixing angle . 
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