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B sons momenta equal to 1.12, 4,0 and 16 GeV/

1 Introduction -

Measurements of the electromagnetic structure of the 7T =meson,
one of the main partlcle in_the hadron family, is of great 1nterest'
in hlgh energy physxcs. The ypothe51s of vector dominance in the |
electromagne'uc mteractlons of hadrons together with exper1ments on
the determination' of couphng constant vy permits to’ conclude about
the =~-meson.torm tactor behaviour and predlcts the electromagnetlc
/2 0,63 fermif,

In recent years, some exper1ments on the . m-meson form fac-

radius for the = -meson ( <r? N

R

tor measurement in the reactnon

+ - + - : ‘ .
T +e >m~ +e’

have been carr1ed out using bubble chambers, ‘with pnmary 7 -me—
/ 1,2 3/

/

The es’uma—
tion of the 7 -meson electromagnetlc radius <r

‘ ‘obtained -at 16 GeV/c in the last of these paper43/ i

<4.5 has .been,

The pos51b111ty of  obtaining of ‘7~ -meson beams with momenta’

~>..40 GeV/c perrmts to perform an experiment on’ more detaxled mea-.

——

surements of the 7 -meson form ‘factor 1n the reactlon

; CaTae am e,
since at these energles “the De Broglie wavelength of the electron

is comparable to the Compton wavelength of the 7—-meson,

N . . ¥,



‘ Tnis', proposal of experime‘nt on beams of the accelerator of .

the Institute of High Energy Physics . was developed during 1967-68
at the Laboratory of High Energ1es . ’
The performance of this expemment at a momentum of 50 GeV/c,
_permits to measure the electromagnetic structure of the n -meson -

0.7 f with an accuracy of 0,1f ,

2. nZe -Scattering

The scattering Adifferential cross section of the point 7 -meson .

on the electron is expressed by

doy/dq = K(q™®—q™'q ~2 ) _mb_ |
B . . max MeV /e
where ' K=520,98 mb (M eV/cjz,:' q= '\/-1 the four-momentum transfer B

(MeV/c) to the electron, - the maximum four—momentum transfer.,

q max
\Taking ‘into account the n -meson form factor F(q ) , ‘the cross
sectlon of ithe process. 1s determmed by the formula' } ' V
dUF/kdq do_ /qu (q Yoo

For h /q>rﬂ , the series development of F(q"’) can be used:
. 2‘ . ) i} "

F(q )=1-q"r 7i‘/6 Foaee e
The kinematic angle—momentum dependences of the secondary :
m -meson and electron for a 50 GeV/c momentum of the primary . -
7 ~meson are presented m Fig.1. As is seen from E‘1gures, there ‘
is a transfer 1nterva.1 q , for which it is 1mpoSS1b1e fo find an un~-.
amb1guous separation of events with a geheral counter for 7 and
{due to the finite. accuracy of the. measured angle) At 50 GeV/c»'“
thls 1nter\rcl1 corresponds to q =148 --168 MeV/c and contams about

b

This design is a further development of the proposal on the in-".
vestlgatlon of the electromagnetic structure of the 7 -meson, made
by LA, Golutvin, YuV, Zanevsky, V.G, Grlshm, E.N. Tsyganov ‘and L
’ Ryabtsev in March 1967 L
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‘ 50 % . measurable events ‘with large momentum transfers. In order to
_ avoid 'losses when detecting useful events, separate counters are
~_used in the experlmental device to record 7~ and. e~ . '
" Maklng of -calibration measurements at small’ momentum trans-
fers is a matter of some dlfﬁculty .In this _case there are two pos-
' sibilities: either changing the locatlon of the = -meson and electron
counters, but involving longer time at the accelerator, or constructing
',two-shower electron counters for ca11bratlon and mam s1multaneous

measurements.

3, Experlmental Layout

The analysxs of background events and spunous triggerings
showed the follow1ng' in order to set up the experxmental device it
is necessary to have a. suppression. of melashc events as complete
- as posslble by means of the greater number of anticoincidence co-
“unters, The exper1menta1 layout is presented in Fig,2.

.. The experimental set-up should operate as follows, A beam . of
- primary 7 -mesons with a momentum of 50 GeV/c, incident on the -
A- hydrogen target Ty , is detected by the monitor scmtlllatlon counters
'S, S 2 S3 . In order to detect the 7 -meson and electron scat-
tered, the scmtlllatxon counters S, » Sy, Sg are used A spectro—
- meter. with the spark chambers SC5-8 and SC9—;I.2 and the magnet
M are used to analyse the momenta of scattered partlcles.

The spark chambers 501-4 are applied to determine the coor-.
-dmates and 1ncom1ng angle of prlmary 7 —~mesons 1nto the hydrogen
target. For the suppressxon of the inelastic mteractmn the ‘hydrogen
target is surrounded by the ‘anticoincidence counters A, —A6 . Ag
located in the d1rectlon of 'the scattered 7~ and . e , discriminates
against slow charged part.lcles. The ant1comc1dence counter A-,
»dlscrlmlnates agamst fast pos1t1ve partlcles.

The shower counter S ' placed behind the electron counter,
: Se N dlscrxmmates agamst the arrival of the =~ -meson at Se¢ .

Between the 7 -meson counter and the ant1coxnc1dence counter A
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there is‘an absorber of -1~ -mesons, The spark chambers. are trig-
gered when all the ' coincidence  counters operate, and signals from .

the antlcomcndence counters are absent. -Since the spark chambers.

-are on-line with a computer, the device' operation .can be controlled.

4, Main Parameters of the E‘xperimentalv Device and the
Modelling of the Process of fr_-'e_-Sc'attering |
1 'In order to reduce the electron counter loadmg by the beam

of primary = ~-mesons, it is necessary to have a beam size 3x3cm‘f

angular divergence of' = 1,5 mrad and Ap/p~1%, At present,. there

are some 7~ -meson beams of such parameters with an intensity of
5.10% 7 Jeycle at 50 GeVc ( 3-1011 protons/cycle in the accelera-
tor chamber) at’ the Serpukhov accelerator,

' 2, Since the hydrogen target is almost completely surrounded
by the ant1comc1dence counters, this permlts to dlscrlmlnate agamst
melastlc events more than one. order,

‘3. 7 -mesons w111 be negligibly suppressed (2 times) in the sho- K
wer counter S, (a total absorptlon Cerenlcov counter having ‘a

18 x 20 x:30 cm3 radiator ) due to a large mterval of. detected 'mo-‘

‘menta (25-37 . GeV) at a 50 G-eV/c momentum " of primary 7 -mesons,

However, with subsequence analysis of  events, 'after the momentum
of the detected partlcle has been determined by means .of the spark
chambers, 7 -mesons are suppressed no less than 30-50 times,

4, Using the anticoincidence. counter A; , it is not difficult to

suppress # -mesons of one order, That permlts to reduce thelr num-

ber to a reasonable value < 1%,
Assume 'that the coordlnate accuracy of the spark chambers
'”'1s 0. 4 mm, The spark chambers in.-each block are placed at'a dis- -

tance of 5 metr@s, In this case it is p0551b1e to measure .the partlcle:
trajectory angles w1th an accuracy of 02 mrad, At 50 GreV/c, when -

the magnet SP—-12 is used in the Spectrometer, the mean deﬂectlon S

angles of 7. —mesons and’ electrons: are equal to 90" mrad and -

45 mrad, respectlvely. Thus; the measurement accurac1es of the 7~



Cand e~ momenta are O 2% and 0 5%, Nevertheless, the measure-
ment error of the electron momentum determined ‘by its radiative los- .
‘ses in the hydrogen target (50 cm’length) is =~ 2%, The accuracy of -
the 7 and e  emergence angles is determmed by mulitiple scattermg
in H; and is equal to«0,2 mrad. e

To estimate measurement possibilities: of the electromagnet.ic"
structure of the ﬁ_.:—me:son and the contribution of different experi-
mental errors to the final physical result, the. 7-e- scattering modell-
ing was performed on’ a computer, -

The calct,dations made, using the scattering kinematics; per-
mitted to choose the arrangeinent‘geometry which presents a high
‘geometrzcal efficiency together with a relatively small electron co-
. unter loading, due to the primary 7 . -mesons beam. The geometrlcaI‘
v'effzc1ency of the arrangement for -the layout, shown in E‘lg. . 1s pre-
~sented in Fig.3. The dxstrlbutxons of primary and scattered rr . -mesons
' and electrons in the plane of counters S; and S; are given in
Fig, 4. A
As a result of the 1nvest1gat10n of the geometrlcal eff1c1ency

' the followlng results have been obtained: Ca

a) practically optxmal parameters of the beam of prlmary m :g-',-
mesons (the parameters are presented above) are found; - ‘
. " b) a negli'gible;’dependence of the geometricai efficiency- on
. the momentum spread in the pr1mary ‘beam Ap/p=1% and on the mo-
mentum spread of the secondary electron (Ap/p) = 2% is obtamed

To evaluate the’ dependence of:- d1fferent exper1menta1 errors '
“‘on the measurement accuracy of a root—mean—square electromagne-‘
tic radius of the n~ ~-meson, events were. generated accordmg to

: the scattering law and tak1ng ‘mto account the final electromagn_etlc.

.. radius of the »~ -meson, Different experimental errors were intro-

duced to.the events generated in this: way. The differential cross
sectlon, , obtained ‘after the geometrical corrections (wenghts) “have”
. been mtroduced was processed by the method of least squares.
~and. the - root—mean—-square radius of the r~-meson was extracted,

The events in an interval of transferred. momenta. from 160 MeV/c bl

i
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to maxxmum 192 MeV/c ‘were analysed, The results of the investi- .
gation- are presented in Tables I, II for the glven radius 0,7f -o

As  is seen from Tables, the uncertainty, dependent on the .
stat1st1cs, results in, a fundamental contribution tothe final error, .
Pigure 5 shows the results of processing, by the least square me: -
thod,: the events - of Table L The solid 11ne is a fit,  For" companson
a- theoretical curve for r, =0 is given,:

The calculations indicate that it is: poss1b1e to -measure the '

e1ectromagnet1c radius of the meson as roughly equal to 0,71 with’

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

“are made w1th an accuracy’ of 2—3%._

1

5. Radiative Corrections

. In order to find the electromagnetlc radlus of the = -meson
at 0.6 - 0,7 ferm1 with a 50 GeV 7 -meson initial energy, it is ne-
cessary to measure the dlfference between the exper1menta1 cross
section and the cross sectlon of a polnt charge of the order of
10-15% of the cross section value, It is well known ‘that at hlgh ’
energles radiative corrections become slgnlflcant In th1s connectlon "
radiative COI‘I‘eCtIOHS should be calculated, '~ -

Racﬂatlve correctlons have been calculated/ 5/ in the Labora—-;

tory of Theoret1ca1 PhYSICS of J'INR ) -
- Let us neglect the two—photon exchange dlagrams and the cor-
rectlons due to the meson current, then the formula for the cross’

sectlon takmg into account the radiative correct1ons of the lower

‘order 1s as follows :

'do/dq_da /da(1s £ 8)F% (g%,
w

- where doy/ d g -is the differential cross section ‘without taking"

into account strong interactions, 6 -is the ' radiative correction,
a- is'the thin structure constant, ' .
' /The value § -is calculated with- an accuracy of the f1rst—-order ;

‘terms. For & the following expression can be written:



Table 1, '

P = 50 GeVfc, Ap/p = 0.5%, g=0 = L5 cm, .
A0 = 1.5}"%’1!'3@? qm;n = 160 MeV[c, . q e a 192 Me\[/c, .
o, = 0,47 pbn, ‘ '

X N ‘ % N o
561 384 5.5 100 0.073
1299 922 54 . 080 0,065
1841 1301 502 075 . 0,059

- 2629 1861 - 5.2 0M 0,054
4197

2977 54 0,68 0.045

. M- the number of played events

N - the number of detected events
© - the ratio of the number of primary 7~ -mesons in the

electron counter, to M

)

Table II,

{Statisticall Random
"1.error in mea- | error in ! error in !error

'l error

- Gow Gmp e com gum

1 Syfematic ! Systematic!System. :

surement of ! measurement measurement in

momenta of prit of momentut of momentuh noma-
mary and secont of primaryl of secondaty lizing
dary T\-meson | [ -meson ! Tl'-meson !

‘1% 0.1% 0.1%. 1%

!

!

1

!

!

! ) .
13000 events
I

!

1

!

!

ies Gop oy Su Shp Gon Sme

0.02 £ 0,025 £

Sus $ut oup tup RS Sup smp Su

!
!
:
0,025 £ '! 0,014 £
. ' N
]
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‘8: aef + 6lnef !

where 3%2-7 is the cohtribution to the radiative correction of the di—
agrams without real bremsstrahlung photons, & inef - 18 the contribu-
tion taking into.account the radiation of real photons,

Calculation if 8,y correction, the value of which depends on
the experxmental apparatus resolutlon, was a matter of great difficulty,

The calculatlon has been made in two steps‘ .

B I ’I‘he exper1menta1 resolution of the apparatus resulting from
the errors in the determination of the energy AE and in the deter—
mmatlon of the secondar'y electron angle A@ "

2 ’I‘he experxmental resolution of the apparatus resulting from

the errors in the determmahon of the energy AE and of the seconda- '

)r'y 7~ -meson ang,le ‘AB, .

oy

For the kinematics, using AE, and AE, , the radiative cor= .

rections have been calculated in /6/.

The  following results for primary =~ --mesons at 50GeV and -

measurement accuracies of A® =0.2 mrad have beeh thained for *..

the given two versions ;- ,
1 B8y,.p  gives the main contribution -to the radiative correc-
tion. The typical values: . . : L.

aS,g /o= 0.05; ad /7 ==012;

~

2. The radiative corrections depend weakly on the energy of :

the primary beam,

3. The radiative correctxons are sensitive to the apparatus re- -

i solutlon. Thus, for T w1th a 50 GeV energy

at AE /E_ =1% - = ab/m = - 0,10
at AE_/E, I ='- 0.06.

When the appratus resolution results from the parameters con-
cerned with the 7 -meson at AE: / E, =2% N
 at. A® =0.2 mrad _a8/Arr‘ =-0,04.
at A®a= 0.1 mrad a8/ m  =-0,06,

10
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4 The contrlbutlon to the radiative correction ‘of the d1agrams,
wh1ch can: be modmed by hadron 1nteract1on, is:

q/rr-B =2 0.008 [

hadzon

._There were no attempts to calculate hadron interactions.

. Thus, main inaccuracy in determining the radiative corrections
"will result from an inaccurate study of the apparatus resblution.

It should be noted that all trxe calculations have been madé
for two seattering parameters mhereas “four parameters are  measured .
in the exper1ment. It.is not clear at present how to take into account
the .indicated four parameters . when calcu.latmg the radiative correc-
tion, )

Nevertheless, one' can conslder that additional errors, depen-
dent on an inaccurate study of the radiative correction, are equal
to (2-3)% of the point scattering cross section value, With a diffe--
rence between the measured and theoretical cross seetions roughly
equal to.15% at 0.8f , the conclusions of the previous paragraph
©will negligibly change, .

6. Background and Spurious Triggering Statistics.

The process of w° '-,meson. production, e.g.

7 +ponm + p+
- is one of the most obvious -background processes, imitating 7~ ~e”
scattermg.
B ‘ The probabxhty of 17-¢ " scattering mutatlon by this process ’ can
be roughly estimated as follows, .

Let us consider that the spectra of secondary 7 -mesons.
from n~ p interactions are negligibly different from the spectra of 7~ -
-mesons from PP interactions, On thlS condition 1t is possible (using .
the data from paper/?/, which give the spectra of secondary = and
p at high energles) to estimate the probability of = -and 7% —me-
sons of arriving at a given sol1d angle with an energy in a definite

range.

11



-

- At 50, GeV/c for (25 - 37) G-eV/cn -mesons  and (13- 25)G-eV/c
'77- -mesons (an initial energy for mesons expected to be equal to :
25 GreV/c) the 1nd1cated probab111ty is equal to '

-3 _ -3 -6 -
W=Wﬂ_ Wao=10" %10 (=10

in the solid angle: at our set-up.
) sz—aking into eccount the probability of conversion of. the 7l
meson to the electron at 25 - 37 GeV/c '%-10"2,’.SUppressions of

inelastic events by anticoincidence counters:. = 10~% and selection

ptobabilities by f.he‘kinematics “".10'4 (after the analysis of the e‘vent

by momenta and angles with the help of spark chambers), a total’
probability of deflection of such an event as 7 -e”~scattering on dne
incident 7~ ~meson is equal to .

B (i S T

-

and is a negligible wvalue as well with’ the number of spurious tri.g-
gerihgs_ per cycle (exceb't’ selection ‘by‘the ‘kinematics )

=5.10%.10"%=5.10 —°-

spurious trig.
as with the background level -

N baokgr. ‘5.1404 .10_13

—1.10"7 .
N

val. 5.10° .1.10 "%, v

For the reaction

11"+|')'—»77’+p+1-r++1r -

-an.  analogous probability W is equal (a spectr'um 51m11ar to the

proton: spectrum from pp interactions is taken fer one of 77_ -mesons)

to : :
o 1) 2) . =1 - -3 -4
‘W=W( W(__ =3.10 .10 —3 10 s
7= T ‘ ‘

v

' Taklng, into account the suppressmn by anhcomc1dence counters

=10~ 1 and the selectlon probab111ty by the kinematics =10 4, the;.

total detection probabﬂlty of this reaction is

-5 - -9
W,=10" 3.10 "*=3.10
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In this case the number of spurious tr1ggermgs per cycle (excludmg

by the kinematics) is

N =5-10" .3.107° =1.5°

‘_=p|‘u.‘t_rlg.
and t’he”bia‘ckgrv'ound level is
Noacker. . 5.10°.3.107" ' ‘ E

, — = =0.003 -
Nar. 5.10%.1. 10 -

Thus, the level: of spurious trlggermgs for the last reaction is sig-
nificant (taking into account 3-4 msec as the spark chamber fast
operation and 0.5 sec as time d111tat.10n, losses are ~ 1%), the 0.,3% .
* background level is already a significant value,

A number of accidental triggerings of the se’t—up,when 5% of
the primary beam penetrates into the shower counter and the reso-
lution of the coincidence diagram is = 10-8 sec, is mainly determi-
ned by.sehsitivity of the ﬂ——meson~coﬁnter,' and is of . the order of

0.1 - 0,5 of spurious triggerings per cycle,

Time Required at the IHEP Accelerator

On the assumption  that

a) the primary 7~ -meson momentum is 50 GeV/c s

b) the accelerator cycle = 10 sec

c) intensity per cycle = 5.10%
"d)'H, length = 50 cm

e) the cross section in a (160 - 192) MeV/c interval is o, =

0,47 ubn, the time required for obtaining 2500 events is 150 hours.

Besides, further 150 hours are necessary to make. calibration mea-
surements,
The statistice obtained permit to measure the 7 -meson size

0,71 , with an accuracy of ~0,1f .,

.

13
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Pnin =50 Gevie

Fig.1. The kinematic angle-momentum dependences of the secoﬁdary
7 -meson and electron for a 50 GeV/c momentum of the pri-
mary g -meson,
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Fig.2, The experimental Iayout. Sy, S, + S 3~ the monitor scmtulatxon

counters; S ¢, S5, Sg - the scintillation counters to detect - -

the 7 -meson and electron scattered; SC1 - SC12 - the spark

chambers ; Ty, - the hydrogen target; A;—A;~- the anticoin-
cidence counters; §; - the shower counter; M - the magnet.
. -
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Fig. 3. The geometrical efficiency of the ex;ierimental set-up against
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Fig. 5. The results of processihg by the leastr square method,

The dashed line is a theoretical curve.for r _ =0, The solid
~ line is a fit' curve for r; =0.2f. o




