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1. Introduction · 

Measurements of the electromagnetic structure of the. rr ~meson, 

one of the main particle in. the hadron family, is of great interest 

in high ·energy . physics. The hypothesis of . vector dominanc.e in th~ 
electromagnetic · interactions . of hadrons together with experiments on 

the determination of coupling constant V y permits to· conclude about 

the TT -meson torm tactor behaviour and _.prediCtS the electromagnetiC 
1/2 . ' 

radius for the rr -meson ( < r 2 > = 0.63 fermi)~ 
In recent years, some experiments on the 

tor measurement in the reaction 

rr± +e -+TT:!: +e"'"' 

rr -meson form fac..;. 

have been carried out using ·bubble chambers, with .primary rr -me-. . . /1 2 3/ - . ' 
sons mornenfu. equal t.o. 1.12, 4.0 and 16 GeV/c . ' ' •. The estima-

tion of the rr -meson e~ectromagnetic radius <; 2 
> 

1i 2 ~4.5 has been 

, ;ob~ined at 16 .Gey/c in the last of these paper:J.3/. 

The possibility of obtaining of ·rr- -meson beams with .momenta 

> . 40 GeV/c per~:nits to perform an experiment on· more detailed mea-. 

surements of the rr -meson form factor in the reaCtion 

rr . +. e .... rr + e 

.since at these energies the De Broglie wavehmgth of the electron 

is comparable to the Compton wavelength of the rr-meson. 
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This proposal of experiment on beams of the accelerator of 

the Institute of High Energy Physics. "lll/8.s developed during 1967-68 

at. the Laboratory of High Energiesx/. 

The performance of this experiment at a momentum of 50 GeV/c . 

permits to measure the electromagnetic structure of the 11 -meson 

o. 7 f with an accuracy of 0,1£ 

2. 11-:.. e- - Scattering 

The scattering differential cross section of the point 11 -meson 

on the electron is expressed by 

( 
...:a · -1 

K q -q q -2 
max 

mb 
) ' 

MeV /c 

where K =520.98 mb (M eV/c)
2

, q = ·r-t- the fo~r...:momentum. t.ransfer 

(MeV/c) to' the electron, qmax - the maximum four-momentum transfer • 

. Taking into account the 11 -:m~son form faCt~r F( q 2) . · the ct:'oss 

section of . the process )s determined by the 
-1 ',' 

formUla: 
' . 

. 2 2 
da /dq= da /dq F (q )_, 

F · B · 

For h / q > r 
TT 

, · the series development of F (q 2 ) ,can be uBed: 

F ( q 
2 

) = 1- q 
2 

r ; · /6 + ... · 

The kinematic angle-momentum depet:ldences. of the, secondary 

11 -meson and electron for a 50 GeV/c momentum' of the primary 

11 -rrieson .are presented in Fig.1. As is seen from F'igur~s, there 

is a transfer interval q , for which it is impossible to find an un-

ambiguous separation of events with a geheral counter for 11 and 

e (due to the finite accuracy of the measured angle). At 50 GeV/c' 

this interval cqrresponds to q = 14~ - 168 MeV/c· and contai!'ls about 

X/ This design is a further development of the proposal on the in
vestigation of the electromagnetic structure of the rr -meson, made 
by I.A. Golutvin, Yu,V, Zanevsky, V,G, Grishin, E.N. Tsyganov and 
V, Ryabtsev in March,· 1.967. 
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50 o/o mea,stirable events with large momentum transfers. In order to 

avoid ·losses when detecting useful events, separate counters , are 

used in the experimental device to record TT- and e-

Making,of :calibration measurements at S1'Jlall momentum., trans

fers is a matter of some difficulty. In this. case there are two · pos

sibilities: either changing the .location of the rr -meson and electron 

counters, but involving longer time at the accelerator, or constructing 

. two-shower .eleCtron counters for calibration and main simultaneous 

measurements. 

3. Experimental 'La.yout 

The analysis of· background events and spurious triggerings . 
showed .. the following: in order to set up the experimental device it 

is necessary to have a. suppression of inelastic events as complete 

as possible by means of· the greater number of anticoincidence co

unters. The experimental layout is presented in Fig. 2. 

The experimental set-up should operate as follows. A beam of 

. primary " ·-mesons . with a · momentum of 50 GeV/c, incident· on thE~ 

hydrogen target T H , is detected by the monitor scintillation counters . ' , 
. S 

1 
, S 

2 
, S 

3 
• In order to detect the TT -meson and .electron scat-

tered, the sCintillation counters S4 S 5 , S 6 are. used. A spectro-

meter with. the spar~ chambers SC5-8 anq SC9:-;l2 and the .magnet 

M are used to analyse the momenta of scattered particles. 

~he spark chambers SC1-4 are applied to. determine the· coor

dinates and incoming .angle of primary rr -mesons into- the hydrogen 

target. For the suppression· of the inelastic interaction th,e hydrogen 

target is surrounded by the anticoincidence counters A 1 -A '6 • A6 , 

located in' the direction of 'the scattered "- and e , discriminates 

against. slow charged part.lcles. The anticoincidence ·counter A 7 

discriminates ' against fast positive. particles. 
I . . •·.· 

The shower counter' s 7 I piaced· behind the electron counter 

. s6 
1 
di~C~iminates • against the arrival Of the TT -meson at s6 

. . . i. . . ·. 

Between the rr -meson counter and the anticoinci<;lence. counter A8 
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there is~ an absorber of · ·IL -mesons. ·The spark chambers .. are trig

gered when all the coincidence counters op~rate, and signals from 

the ·anticoincidence counters are absent. Since the spark chambers. 

· are on-line :with a cort:lputer, the device operation can be controlled. 

4. Main Parameters of the Experimental Device and the 

Modelling of the Process ·of rr--e--Scattering 

1. · In order to reduce the electron counter loading by the beam 

Of primary TT -mesons, it is necessary to have. a beam Size 3x3-cm1 

angular divergence of· "'1.5 mrad and ~p/p "'1o/o. At present, there 

are SOme TT -meson beams Of 'SUCh parameterS With an intensity Of 

5•104 
rr- /cycle. at 50 GeV/c ( 3•1011 pr-otons/cycle in the accelera

tor chamber), at· the Serpukhov accelerator. 

2. Since the hy?rogen target is almost completely surround~d 
by the anticoincidenc~ counters, this permits to discriminate against 

inelastic events more than one order.· 

. 3, TT. -mesons will• be negligibly SUppressed (2 times) in the Sho

wer' counter S7 ( a total absorption Cerenkov counter having 'a 
18 X 20 X 30 Cf!\3 radiator . ) due to a large, interval of detected ~o-

' . 
menta (25-37. GeV) at a 50' GeV/c rrio'mEmtum ·of primary rr -m~sons. 
However, with subsequence. analysis of events, after the momentum 

of the detected particle has been determined by means of the spark 

Chambers, TT -mesons are SUppressed no leSS than 30-50 times~ 

_4. Usit:"lg the anticoincidence. counter ~ 8 , it is_ not difficult to 

suppress IL- -mesons of one order. That peri-nits to reduce their num

ber to ·a reasonable value ~ to/c. 
5. Assume 'that the coordinate accuracy of the spark chambers 

is OA ~m. The spark chambers in . each block are placed at 'a dis

tance. of 5 metres. In lhis case it is possible to- measure . the particle 

trajectory angles with an accuracy of Q.2 mrad. At 50 GeV/c,· when 

the magn~t SP-12 is used 'in the spectrometer, the mean deflection 

angles of rr- .:..mesons and· electrons are equal to 90 · mrad and 

45 mrad, respectively. Thus; the measurement ac~uracies of the rr-
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and ·e ;, >l ol tr}C>menta are 0.2'}o and 0.57o. Nevertheless, the measure-

ment error of the electron momentum determined by its t'adiative los- . 

ses. in the hydr~gen. target' (50 em length) is "' 2o/o. 'I'he accuracy of 

the 17- and e emergence angles is determ~ned by multiple scattering 

in H2 and is equal to .. o. 2 mrad. 

To estimate. measurement possibilities: of the electromagnetic 

structure of the 17. -meson and the contribution of different experi

mental errors to the ·final physical result, the 17- e · scattering modell;. 

ing was performed on·· a computer~ 

'I'he calculations made, using the scattering kinematics; per

mitted to choose the arrangement geometry -which presents a high 

geometrical efficiency together with a relative~y .small electr_on co-

. unter loading, _due to the primary 17 -mesons beam. 'I'he · geometrical 

efficiency of the arrangement for the layout, sl}own in Fig.2, i~ pre

sented in Fig.3. 'I'he distri)?utior:ts of ,primary and scattered .17- -'mesons 

and electrons in the plane of counters S 6 and S 6 are given in 

Fig. 4. 

As a result of the investigation of the geometrical efficiency 

the follo~ng results have been obtained: '• 

a) practically optimal parameters ~f the beam of ·primary. 17 

mesons (the parameter~ are presented above) are found; 

b) a negligible"" dependence of the geometrical efficien~y on 

the momentum spread in the primary beam ~ p/p .. lo/o and on the mo

mentum spread of the secondary electron ( ~ p/p) .. 2o/o is obtained~ . . . e 
To evaluate the 'dependence of. different experimental· er·~ors 

·on the measurement accura~y of a root-mean-square electromagne

tic radius of the 17 -meson, events were generated according to 

the scattering law and taking into account the final electromagnetic 

radius of the 17- -meson. Different ·experimental errors were intro

duced to ~e events generated in this · way. The differential cross 

section, obtained afte~ the geometrjcal corrections (weights) have· 

·. been introduced, was processed by the . ~ethod · of least squares. 

and. the root-mean-square radius of the 17--meson was extracted. 

The events in an interval of transferred momenta from 160 MeV/c 
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to maximum· 192 MeV/c were analysed, The results of the investi

gation are 'presented in Tables I, II for the ~iven radius O. 7 f 

As is seen from Tables, the uncertainty, dependent on the 

statistics, results in. a fundamental contribution to the final error. 

Figure 5 shows the results of processing, by the le~st square me· • 

thcid, the events of Table I, The solid· line 1 is a fit, For comparison 

a·. theoretical curve for r 11 =0 is given.' 

The calculations indicate that it is: possible to measure the 

electromagnetic radius of the meson as roughly equal to o. 7 f with · 

an. accuracy of 0.1 f , provided that.,the calibration··measurements 

are made with an accuracy' of 2-3%. 

5. Radiative Corrections 

In order· to· find the electromagnetic radius of the 11 -meson 

at 0,6 ·- o. 7 fermi with a 50 GeV . 11 -meson initial energy, it· is ne

cessary to measure the difference between the experimental cross 

section and the cross section of a point charge of the order of 

10-150/o of the cross section value. It is well known 'that at' high 

energies radiative corrections become significant, In 

radiative corrections should be calculated • 

Radiative corrections have been calcul~ted/5/ 
tory of ,Theoretical Physics . of JINR~ 

this connection 

in the Labora.;. 

Let us neglect the two-photon exchange diagrams and the cor

rections due .to the meson current, then the forrri4la for the cross 
' ' 

section taking into account the radiative corrections of the lower 

order is as folio~: 

da/dq=da /dq(l+~8)F 2 (q 2 ) 1 , B 11 . 

where da 8 I d q -is the differential cross section without taking 

into .account strong interaction;;, 13 -is the· radiative correction! 

c;,- is 'the thin structure constant • 

. The value 8 is calculated with an accuracy of the first-order 

·terms, For 8 the following expression can be written: 
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'!'able 1. ' 

P = 50 GeV/c, ~ p/p " p,5o/o, ax =a Y" 1.5 em,, 

MJ = 1,5 mra~, q min = 160 MeVfc, q mox = 192 MeV/c, , 

a
1 

,= OA7 /lbn, 

ll ll 7]% r a 
Tt ' 'rr 

561 384 5.5 '1.00 0.0?3 

1299 922 5.1 o.so 0.065 

1841 1301 5.2 0.?5 0.059 

2629 1861. 5.2 0.?1 0.054 

4197 29?? 5•1. 0.68 0.045 

M - the number of played events 
N - the number of detected events 

· 71 - the ratio of the number of primary rr- -mesons in the 
. electron counter, to ~I '• 

'!'able II, 

!Statisticiiil .Handom I SJB;e.matic I SystematiclSystem. 
· 1 err'or · ! . error in mea- I error. in ! error in ! error 
! I surement of ! measurement measurement in 
! ! momenta of pri+ of momentut of momentui noma-
! 1 mary and secon+ of pr;maryl of secondaty lizing 
! . ! dary 'IT-meson I 1T -m:eson I 'jt-meson I 
I . . .·! . ! I ! 
13000 events! · 1% ! 0.1% ! 0.1%. I 1% 
I ! ! ! I 

Error in! I I I I 
I · ! I · I I · ~ I 0.05 f · ! 0.02 f I 0.025 f ! 0.014 f I 0.025 f 
! ! ! ! I 
I I ! ! . ! 
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8 "' 8 ~e + q lnef ' 

\W1ere 8 ·eC is the contribution to the radiative corre<;:tion of the di-

agrams without real bremsstrahlung photons, o lnef- is the contribu

tion takJng into -account the radiation of real ·photons. 

Calculation if · o lnef correction, the value of which d~pends on 

the experimental apparatus resolution, was a matter of great difficulty. 

'!'he calculation has been made in two st~ps : · 

1. '!'he experimental resolution of the apparatus resulting from 

the errors in the determination of the energy 11 E and in the ·deter..: 
. e ... 

mination of the secondary electr~n angle !'!. e ' 
. . ft 

2. '!'he experimental resolution of the apparatus resulting from 

the errors in the determination of the energy 11 E and of the. seconda-
. . " 

.ry " -meson angle 118 17 

For the kinematics, using C1 E e and C1 E 
17 

, the radiative cor-

rections have been calculated in /6/. 

'· 

). 

" 

'!'he following results for primary " ·-mesons at 50GeV and _ . 

measure.me[lt accuracies of 118 =0.2 mrad have been obtained for 

the given two versions : · 

1. 8 lnef gives the main contribution . to the ·radiative correc-
tion. '!'he typical values: 

a8ef I""'+ 0.05; a 8 lnef ITT =-0.12; 

2. '!'he radiative corrections depend weakly on the energy of 

the primary beam. 

3. '!'he radiative corrections are sensitive to the apparatus re

solution. Thus, for "- with a 50 GeV energy 

at 11Ee1Ee =1o/o 
at 11 E IE = 7o/o 

e e 

a8ITT 0.10 

aO /TT .. - 0.06. 

When the appratus resolution results from the parameters con

cerned with the " -meson at 11 E ~I E 
17 

= 2o/o 

at 

at 

11El .. o.2 mrad 

11El ... 0.1 mrad 

10 

. a 8 I 1T .. -0,04 

a 8/ 1T ... -0.06. 



. 4. The contribution to the radiative correction of the diagra,ms, 

which can be modified by hadron interaction, is: 

a/17 • 8h d ,.. 0.008 ~ a :ron 

There were no attempts to calculate hadron interactions. 

Thus, main inaccuracy in determining the radiative corrections 

·will result from an inaccurate s~dy of the apparatus resolution. 

It should be noted that all the calculations have been mad¢ 

for two sC:::attering parameters whereas four parameters are measured 

in the experiment. It. is not clear at present how to take into account 

the .indicated four parameters when calculating the radiative correc

tion. 

Nevertheless, one can ·consider that additional errors, depen

dent on an inaccurate study of the radiative correction, are equal 

to (2-3)o/o of the point scattering cross section value. With a diffe

rence between the. measured and theoretical cross sections roughly 

equal to :1.5o/o at 0.8 f , the conclusions of the previous paragraph 

-will negligibly change. .. 
6. Background and Spurious Triggering Statistics. 

The process of 17 ° -,meson. production, e.g. 

17 + p ... 17 - + p +· 17 ° 

is one of the most obvious background processes, imitating 17 -e 

scattering. 

The probability of rr--e- scattering imitation by this process can 

be roughly estimated as follows. 

Let us consider that the spectra of secondary 17 -mesons 

from rr- p interactions are negligibly different from the spectra of TT-

-mesons from P P interacti.ons. On this condition it is possible '(using. 

the data from paper/?/, which give. the spectra of secondary rr and 

p at high energies) to estimate the probability of rr- -and rr 0 . -me

sons .of arriving at a given solid angle -with an energy in a definite 

range. 
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At 50, GeV/c for (~5 - 37) GeV/6 rr 
0 

-mesons and (13- ?5)GeV/c 

rr- -mesons (an initial energy for mesons expected to be equal to 
. ) 

25 GeV/c) the indicated probability is equal .to 
. I . 

W W - a -a = 
10

-6 
= TT - • W 7T 0 = 10 ~ 10 

in the solid angle._at our set-up. 

Taking into account the probability of conversion of the rr 0 
,_ 

meson to the electron at 25 - 37 GeV/c '": 1o-2, ~suppressions of 

inelastic events by anticoincidence counters; "' 10-1 and selectioh 

ptobabilities by the kinematics '" 10-4 (after the analysis of the a~nt 
by· momenta and angles with the help of spark chambers), a total · 

probability of deflection of such an event as 'rr-.e--scattering on dne 

incident rr- -ineson is equal to 

w. =10-7
• w = 10-ta 

0 

and is a negligible value as well with the number of spurious tri.g

gerings per cy~le (except selection by the kinemq.tics) 

N =5-I0 4 .I0- 9 =5~IO-~-
e:purtous trig. 

as with the background level · 

N baokgr, 4 -13 
5-10 ·10 =1·'·10-7 •. 

4 . . -6 ,· 
5 ·10 • I . 10 , N val. 

For the reaction 

7T + p:. 17~ + p +77' + + 17 

an. analogous probability W is equal (a spectr!-tm ~imilar to the 

proton spectrum from pp interactions is taken· f.or one of ".- -mesons) 
to 

(I) (2) . · -I · -3 . -4 
W = W W = 3 • lO -10 =3 .10 , 

rr- rr-

:raking into account tl:'le suppression• by anticoincidence counters 

= 10-1 and the selection probability by the kinematics alo-4 , the . 

total detection probability of this reactiory is 

·w o -fi 3 • o - 4 10 - 9 
· 0 =1 ol ,.3. 
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In this case the number of spurious triggerings per cycle (excluding 

by the kinematics) is 

N = 5. lO 
4 

• 3 • 10 -
5 = l . 5 . 

spur. trig, 

and the background level is 

N back gr. 

N . 
val. 

Thus·, ~he levef of spurious triggerings for the last reaction is sig

nificant (taking into account 3-4 msec as the spark chamber fast 

operation a~d 0.5 sec as time dilitation, losses are ... 1o/o), 'the 0.3°/o 

background level is already a significant value. 

A number of accidental triggerings of the set-up 1 when 5o/o of 

the primary beam penetrates into the shower counter and the reso

lution of the coincidence diagram is "' 10-8 sec, is mainly· deterrpi

ned by. sensitivity of the rr- -meson counter1 and is of. the order of 

0,1 - 0,5 of spurious triggerings per cycle, 

Time Required at the ll-IEP Accelerator ., 
On the assumption that 

a) the primary rr- -meson momentum is 50 GeV/c 

b) the accelerator cycle = 10 sec 

c) intensity per cycle = 5•104 

d)' II 2 length = 50 em 

e) the cross section in a (160 - 192) MeV/c inteniai is at .. 

-· .0.47 !l bn, the time required for obtaining 2500 events is 150 hours, 

Besides, further 150 hours are necessary to make calibration mea

surements. 
The statistics obtained permit to measure the rr -meson size 

o. 7 f , with an accuracy of .. o·.1 f 
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