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Abstract

Pion form factor has been measured by e'e”—» @'W™ reac-
tion in the interval 2E from 1.06 to 1.4 GeV. Experimental va-
lues of the pion form factor exceed considerably the predic-
tions of the Vector Dominance Model with ‘one S)(TIO)-neson.
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The results presented in the paper are obtained at the
new measurement of the pion, formfactor with "OLYA"-detector
at the storage ring VEPP-2M. A brief deecription of the detec-
tor.is presented elsewhere /1/. The detector view is shown at
Fige 1o

After our previous experiment on the pion form factor
measurement.in a time-like region /2/ the average luminosity
of the VEPP-2M increased considerably. During this period the
detector "OLYA" was fully equipped with showar and range cham-
ber allowing geparation of muons and pions. All this enabled
us to increase considerably the accuracy of the pion form
factor measurement in comparison with the previous work,

The experiment was carried out in the erergy interval
2E =,0464 - 1,4 GeV. The total integrated luminosity is abo-
ut 1.5 pb'1. Data were taken in a scanning of the energy in-.
terval with a step equal to the c.m.s. energy spread. The lu-
minosity in esch energy point was about 1.5 nb~ ', This paper
presents, preliminary results of data processing in the energy
region 1,06 - 1.4 GeY, corresponding approximately to‘1/2 of
the whole statistics.

Special runs without besms as well with beams colliding
in another interaction region were performed to study back-
ground.

The considerable suppression of & cosmic ray background
was achieved by the measurement of particle time-of-flight be-
tween coifters C3 in opposite quadrants and also by a standard
trigger-beam bunch timing, ‘

During date processing events were gelected with two
tracks in coordinate chambers coming out of the interaction
region and collinear

lA9l<5° 669= 1,2°
|89]<3° 6,9 =0.8°

These criteria are met by the events of the proce’sses
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The ~-uged kaon may trigge: +ue system at the energy

2E - :512 GeV. We not interested in this process at the pre-
sent work. Therefore K'K™ - events were rejected at the early
stage of analysis. For suppression of ete™—wK'K™ - back-
ground we used a method applied in a work /3/ concerning char-
ged kaon form factor measurement. The selection of K'K~™ events
in %" was done by the parameters repregenting the ratio of

¢ iikehood functions for the pulse heights in the three
acintillstion counters. Ome of these likehood functions
was calculated by the kaon amplitude spectra and the other by
thoge due to the minimum ionizing particles. Using the rest-
rictions on these parameters values we were able to diminish
K*K™ contamination into ete™—» @™ to the value less than

1% over all energy region.

Events thus selected were divided into three classes. The
events with both tracks traversing all shower and spark cham-~
bers (180 8/cme) were included in the first claes name: "long-
~-prange" one ( Ni). The second class - "short-range" - consig-
ted of events in which both particles did not reach the end
of the range system ( h@), All other events were included in
the third "mixed" class ( Ny). The number of events in each of
three classes is presented in Table 1.

The probabilities for e'e , /47«" and T'n-events to come
into each of these classes are at the energy 1.2 GeV shown in
Table 2. The muon probabilities were obtained by Monte-Carlo
simulation /5/. The probabilities presented for '~ and
ete™ were calculated as a result of a data processing, but the
choice of the selection procedure described below was based
on the estimations made by Monte-Carlo simulation before the
experiment. i

As follows from Table 2 at our statistics the Mong-range"
class contains fﬁ# and JIIr evenis only. The "short-range"
and "mixed" events were divided into ete” elastic scattering
events - Ng(ee), Ny (ee)  and the events e*e™ annihilation
into two mesons (uu +aar ) Ny (pu+aar) | Ny (pp +3rr) .
This separation was performed by the correlation matrix method

/4/. The ratio of likelihood functione for sandwich pulge
heights {one of them calculated in the agsumption of ete” and
another of 5Tﬁﬁi-event) was chosen as & separation parameter
to form the correlation matrix. Using R# - muon probability
to reach the end of the range system and Nggwu+ﬂa%AM§y+wZ)

Ne (ppu +9rar) , it is possible to calculate the total number
of N;gﬂ) and N, (m1)by the following formulae

NsCpuu+arar) No = [ Nu (/-‘/f+71'”)]2/4
Ns (4=pr)® — N P (4-Pi) +Ne i

e (e =

Ny (ora) = N (pp+arm) +Nt(/q/4+.yrar)+N,,, (/u/«+mr)—N+§u/4)

The probability f?t was obtained by the Monte~-Carlo simula-
tion of our experiment /5/. Its value changes with energy from
(5.4%.4)% at 2E = 1.06 GeV to (1.7 .4)% at 2E = 1.4 GeV.

The total number of the ete™ events was calculated as a
Ny (ee) = Ng(ee)+ N, (ee)

As followed from the analysis of the background runs only
cosmlc ray particles could contribute to collinear events in
our experiment. More than 90% of such background events came
into the "long-range" class. Their fraction in "long-range"
events was about 0,5% and subtracted during the data proces-
ging.

Detection efficiencies for the processes é§~+/ﬂ7uj ata”
and detection cross-section for et — 6% were calculated by the
Monte-Carlo simulation /5/. Note, that the detection efficien-
cies for €¢—= ' may contain a systematic error {not more
then 10%) connected with an incomplete simulation of pion-nu-
clei interactions in the detector material.

Radiative corrections for the processes e¥ e, #74‘,.11".1:"
were calculated in accordance with /6/. Table 3 containg the
number of é€;pjﬂ' and o' events versus energy. It presents



also sbsolute value of the pion formfactor squared. The total
ratio of muon number to that of electrons divided by the same
value calculated according to QED was:

(oG NeCOlarp, 6428+ 0.060). 57
[Ny(uu)/Noleelly,,, ~— (590 20,24) 402 ~ 103510038

Fig. 2 shows the energy dependence of Hhis zato., %2
was equal to 22.7 at 17 d.f., corresponding to 16% C.L. The
good agreement between the data ang QED confirms the correct-
ness of the chosen treatment procedure.

At Fig. 3,4 the results obtained in previous works /7,8,9,2,
10,11/ and this experiment are presented. The curve corresponds
to the $ - meson tail calculated by the Gounaris-Sakurai
formule /£12/ with P-W interference taken into account, Expe-
rimental values for the pion formfactor are congiderably above
the theoretical. curve, the maximum deviation being in the re-
gion of 1,2 GeV.

At the first gight this circumstance supports the exig-
tence of a long-time discussed ?’(1250) with the main decay
mode P’—» ar'r. But this interpretation seems to be not suf-
ficiently well founded. Experimental data /13/ ghow the rapid
increase of multihadron cross-sections in this energy region,
This effect has to contribute to the pion formfactor as well,
The model independent calculations made in the work /14/ de-
monstrated this effect to be able to explain the obgerved
excess. But as was shown in /15/ the account of the inelastic
channele contribution in the vector dominance model with one
0 (770) could only decrease the pion formfactor. Constructive
interference sppears it one assumes, as wag done in /16/, the
exi gtence of ?/(1250) with a peek cross-section ~ 30 nb
and the dominant decay mode ?’(12&))—. I, The pion form-
factor calculations made in this work are in qualitative agre-
ement with our results,

In concluamion the suthors want to express their sincere
gratituds to the VEPP-2M gtaff that -ensured the good machine
performance during the experiment and to V.M.Budnev for hig,
conastant interest to this work and the fruitful discussions.,
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Figure captions Table

Fig. 1. The detector "OLYA", Measurement time 898000
Fig. 2. Energy dependence of the ratio of the total /44/2:’- Integrated luminosity 6
- events number to the total e‘e” - events number nb'1 64
normalized to the same value obtained in accordance RNumber of collinear
with QED, Statistical error of Monte-Carlo simulation events 203513
is shown by the corridor. X = 22,7 at 17 d.f. that Ng 11108
corresponds to 16% C.L. N, 2004
Fig. 3. The values of the pion form factor squared versus 4 N 190401
energy. The curve corresponds to Gounaris-Sakurai | - s
formula with the account of -w - interference. \l Ny (ee) 1884392435
, nd
Fig. 4. lpl energy dependence in the 1nterva1 2E from 0.4 to : N & (,”/4) 11679=114
1.4 GeV. Experimental values were obtained in the Ny (_qrgr) 3369%90
s . - - - JOf.
follovf:.ng works: W /7y A /8/, W - /37, Nomber of baskaround .\
& - /10/; x - /2,11/; @ - this experiment. The events normalized to 27=13
curve is drawn according to Gounaris-Sekural formula. the measurement time

Table 2

e —e'e | eleT | e il

"short renge"| (99.7%0.1)%| (7.3%2.2)+10"%%| (72.8%8.4)%

"mixed" (0.3%0.1)% | (5.3%0.8)% (25.1%6.9)%
"long-range" <5+107% (94.6%0.8)% (2.2%1.4)%
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