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Abstract

The experiment on the precision measurement of T meson
mass has been performed at VEPP-4 storage ring with the LD=-1
detector. The absolute storage ring energy calibrations were
carried out using the resonance depolarization method. The
beam polarization was measured by the up-down asymmetry in the
synchrotron radiation back-scattered on colliding electron (po-
sitrﬂngbeamj The Y -meson mess has been determined from the
energy dependence of hadron production cross section and is
found to be My = 9460.59%.12 MeV.

*) Submitted to the International Symposium on lepton and
photon Interactions at high energy, Kyoto, August 1985.
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Introduction

In the naper the result of new measurement of the ﬁf -1
son mass nerformed at VEPF-4 storage ring /1/ with the detec~
tor ¥D=1 /2/ in April 1984 is pregsented. The Fr‘—meson mass
has been determined from the energy dependence of the hadronic
oross section on the c.m. energy. The calibrations of the sto-
rage ring energy were carried out by the method of resonance
beam depolarization. The method has been developed in our Ins-
titute in 1975 /3,4/ and was used, at VZPP-2l storage ring for
measurements of the ¢—meson /5/, charged /6/ and neutral /7/
kaon masses, end also at VEPP-4 sicrage ring for the mass meg—
surements of the '}U “i" /8/, T /9,10/, T'f‘lw and ’1" -me-—
sons /10/. This method was used also for the energy calibrati-
on of CRSR and DORIS storege rings in the mass measurements ol

Y At and‘IA'—mesnns /127«

The energy calibretion by the resonance beam depolariza-
tion method is based on the measurement of the electron spin
precession frEQuenqy $Z around the guiding magnetic field of
the storage ring.

The precession frequency /13/

oeD(tnd g, 2

where 095 - the beam revolution frequency,

,ft/j;éa - the ratio of the esnomalous and normal parts of the
electron magnetic moment, J’ - relativistic factor of elect=-
rons. The resonent influence of a weak high frequency electric
field on the polarized beam is used for the measurement of the
spin precession frequency. The beam becames depolaxdized when the fre-
quency of the external field coincides with that of the spin
precession, Fixing the fact of depolarization and measuring

the corresponding depoleriger frequency, one cain thereby per-
form the asbsolute calibration energy of the siorage ring.

The method sllows to meeasure the average eleciron energy

with en accuracy much better than the beam energy spreed. It is
provided by the fact that particles undergo many energy oscills=-
tions during the depolerization time, i.e. the denolarizetion




time should be much longer than the period of the synchrotron
oscillations.

Storage ring energy calibration

Tn the electron storege rings there exists the mechanism
of the spontancous beam polarization connected with the synch-
rotron radiation /14/. For & homogeneous magnetic field, the
time dependence of the polarization degree Fb(t) was calcula-
ted in the paper /15/:

P(t) = Po I:i % E—ﬁfb(' %—‘P” ; (2)
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where ci\ - the fine structure constant, }‘e - the Compton wa-
velength of an electrnn,lja -the orbit radius, 5’ - the re-=
-

Z.P - the
polarization time. For VIPP-4 storage ring the polarization ti-

|

lativistic factor, OJS - the revolutien {requency,

- a R : .
me -’:-p is about 50 minutes in the T -meson energy Ireglon.

Inhomogeneous storage ring fields have the depolarization
influence on the beams. The degree of the equilibrium polariza-
tion F} depends on the relative powers of the depolarizing and

polarizing mechanisms qﬁéfﬁiiand ig reached for the characteris-

tic time Z J16/:

P(%) = P[i . @KP(“ %)], (5)
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where - the quit radius, é- - the unit vector along the

megnetic field, V - the unit vector along the particle velo-
city, A - the unit vector along the spin preceasion axis,

d - the spin-orbit coupling vector. The averages are taken
over the orbit circumference.

The main influence on the egquilibrium beam polarization
degree sppears to be of the vertical orbit distortions and pro-
zimity of the spin precession fraquenqy,fl to the resonance
frequencies res /17/,

K-Q-re.s= K5@$+Kiu')x +K1"33+K5")51 (8)

where hjs ~ the revolution frequency; uJ; and u)i - the
radial and verticel betatron oscillations frequencies, u.?x -
- the synchrotron oscillation frequency, K; - the integer
numbers.

In the Wf' energy region the spin precession frequency
for the electrons in VEPP-4 storage ring is far from the reso-
nance frequencies, and the degree of the equilibrium beam pola-
rization depends only on the vertical orbit distortions. Using
orbit corrections the mean square deviation of the orbit from
the plane in VEPP-4 was decreased to the value of 1.335 mm,
that provides the degree of the equilibrium beam polarization
Deb=0eTa

The reasonance beem depolarization was performed by the
alternating electric field of 10 ¥/cm amplitude, created be-
tween the pair of the vertically spaced plates of 1.3 m length.
The external field changes the specirum of the resonance fre-
quencies,

K Ryes = Ke Ws + KWy + Kyt K, + K 0y )

where LA)d - the external field frequency (the field of depo=-

larizer). The fHllowing resonance conditions were chosen for

—
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ihc neasurements: K =1, KS = =11, K}t;- k(?*.-. KE = Q, Kd = 1,
Iel

At the frequency of bos = 818,78 kHz the frequency of the
depolarizer field is in the region of W4 & 18.6 lHz.

In order to test that KE = 0, the synchrotron oscillation
‘requency &?H was veried by means of changing the RF-voltage
unF at the storage ring cavities ( u?a ~_ JL‘RF ). The
cfepolarization frequency did not change. The correctneas of
‘mowledge of the coefficients KS 5 K;f and K2 was out of do-
ubte :

In our experiment the depolarizing resonance width was de-
termined by the f{requency bund of the generator creating the
depolarizing field and was about 0«3 kHz, At the chosen va-
lue of the field the calculated depolarization time was about
0.5 second. The search for the depolarization frequency was per-
formed by the slow variation of the external generator frequen-

cy (4 Hz for 1 second), and the generator frequency either in-
creased or decreased.

The beam polarization in the storesge ring was measured by
ithe value of asymmetry in the angular distribution of the back-
-gscattered circular-polarized photons. The cross section of the
Compton scattering is /18/

d 8 daﬁ d 8 -f. (11)
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where d%ﬂ - the cross section on the unpolarized electrons,
- the degree of the photon circular polarization, -

- the vector of electron transverse polarization, ¥ - the an-

gle between the gcattering plane and the plane, perpendicular
to the vector & . The sign of dééfjlis opposite to the one of

—

-
the wvalue f( ) , Where K i a momentum of the scattered

in . .
photon, a.m‘ the value iz maximum at ‘P“ z i.e. when the

vector g: lies in the scattering plane. Thus while the scat-
tering of the circular polarized photons on the transverse po-
loarized electrons the "up-down" asymmetry appears with respect

-

to the plane, perpendicular to-the vecto?r ; i.2¢ Wwith Teg=

- -

G

pect to the orbit plane., The asymmetry value A is given by the
formula /18/

ddi - 2m (44 0)
i 2Az(i+wz) + (44 n2+28)(1+nY)’

(12)

A=

where J\'— 2"““':9':'% h B’G - the emlssion angle of the
photon relatlve to the electron momenium FI tJ is the ini-
tial photon energy, £ is the electron energy.
The asymmetry value reaches its maximum Amﬂx - . é atz
=1 and N =1, i.e. at the initial photon energy )= Me,
that gives 25 eV at the electron energy & =5 GeVl, 2&

In this experiment the synchrotron rediestion generated in
the megnetic field of the detector by oppositely imoving beam
was used as a source of the circular polarized photons. 3uch &
possibility is connected with a peculiarity of the lD-1 detec-
tor whose magnetic field is transverse to the orbit plane. In
the interaction region the electrons ccllide with the synchro-
tron radiation photons generated by another besm. The synchro-
tron radiation is polarized, the polarization depends on the
photon direction; in the orbit plane the photons are lineorly
polarized and out of it they have circular polarization with
the opposite signs above and under the orbit. The degree ol thie
circular polerization increases with increasing of the photon
emission angle relative to the orbit plane. Vhen the beams are
separated in the vertical direction the collision of the circu-
lar polarized photons with the transversally polarized slect-
rons and positrons is provided in the interaction region. The
method allows to measure the polarization of both besms
gimultaneously. The asymmetry value in the synchrotron radinti-
on scattering on the colliding beem is considerably greater
than that in laser photons scattering. It is due %5 higher cner-
zies of the initial photons. The method of the meesurement ol
the beam polarizetion by the synchrotron radiation photions
scattering /19/ has been developed in our ;nst;xutn and used
in the mass measurements of thefr‘,'rhl dfr- -megons /9,10/

The equipment for the beam polarization measurement 1Is
shown in Pig. 1. It consiated of two identicel perts situasied

m—— - — -




from the both sides of the interaction region und intended for
the polarization measurement of both beams. Backscattered pho=-
tons were detected with two scintillation counters in front of
which the lead plate of 13 mm thick was installed. One of the

counters was placed above the orbit plane, and another one -

- under that plane. There was a gap of 1 mm between the coun-

ters, The asymmetry value was determined by the ratio

2 Ny — Nd
e Nu[ + Nd"Nud

where Nu and M4 are the counting rates of the upper and lo=-
wer counters correspondingly, ﬂfud - the coincidence counting
rate. At the seme time it was required the detected photon
energy to be higher than 0.5 GeV. The measurement of the pho-
ton energy was performed using the total absorption counter
mede of crystal NaJ(Tl).

(13)

For the stabilization of the vertical orbit position and
the orbit angle in the vertical plane the jonization chembers
were installed from the both sides of the interaction region
which were measuring the "up-down" asymmetry of the straight
synchrotron radiation of the beams. The regults of the measgu-
rements were used for the continuous orbit correction in the
interaction region that was carried out with the help of a
computer controlling VEPP-4 storage ring.

While the polarization measurement the beams were separa-
ted vertically by 120 micrometers ( ~ 48 , Where 8? is the
vertical size of the beams). For this separation the relative
error of the asymmetry measurement is minimum.

For the beam polarization degree of 0.8 the asymmetiry va-
lue is 5%. The statistical error in the asymmetry value equals
0.4% for the currents of 6 x 6 mA° and exposition time of
100 seconds. In Fig. 2 the results of one of the beams polari-
zation measurements are shown. The electron and positron depo-
larization frequencies were obtained by the maximum likelihood
method. The dependence of the beam polarization degree on time
(and hence on the depolarization field frequency) was approxi-
mated by three streight line segmenis. The accuracy of the me-
asurement of the beam depolarization frequency is determined by

8

the accuracy in the asymmetry measurement and by the size of
asymmetry jump, i.e. depends on the beam currents and on besm
polarization degree. In this experiment the itypical atatisti-
cal accuracy of the electron and positron energy measurements
was sbout 60 keV. The errors were checked by the independent
measurements of the electron and positron emergiea, Statistical
agreement of 82 energy measurements of the electrons and posit-
rons being done during the experiment was p(jiz) e 20%. At the
same time it turned out that in the VEPP-4 storage ring the
average electron energy is greater than that of the positrons
by 2436 keV.

At the energy calibrations the aversage depolerization fi-
eld frequency is measured in the moment-of the beam depolariza-
tion, This value can differ from the spin precession frequency
because of the finite width of the depolarizer frequency gpect-
wum. The velue of the shift depends on the depolerizer band-
width, the rate of its frequency variation and on the depolari-
zetion time. By estimetes in our experiment the shift is aebout
70 keV in one beam energy. For the experimental determination
of this value the pairs of energy calibretions were used with
the opposite scamnning direction of the depolarizer frequency,
being done with the seme currents and with inverieble condifi-
one of the storage ring operation. From 11 mesgurement the shift
value of 63%9 keV was obtained. The measured energy was correc-
ted by this value.

In the experiment the data taking time with the seame cur-
rents was asbout 3 hours. The energy calibrations were done ei-
ther before or after data teking. For the determination of the
storage ring energy instability the special measurements were
performed in which geveral energy calibrations with the aame
currents were done with the time interval of about 40 minutes.
Then calibrations for three currents were done, The VEFP=4 ener-
gy instability was obtained to be @ e 40 keV. This value was
added quadratically te the energy measurement error. No syste-
metic veriations of the storage ring energy during the data ta-
king were found.

In the experiment about 35% of the gtatigtics in the regi-
on of the T -megon peak were taken without energy calibrations.
In these cases the energy was obtained from the magnetic fi-




eld velue in one of the bending magnets of the atorage ring.

The connection of the magnetic field with energy was taken ges of single Bremsstrahlung and small angle elastic scatte-
from the two near-by calibrations. The accuracy of the energy ring. The photons of single Bremsstrahlung were detected from
determination by the magnetic field value sppeared to be ' the both sides of the interaction region with the scintillati-
2 w180 keV and was obtained from the comperison of the ener- oo "sandwiches". The cross section of this process iSing
gies obtained by the calibrations with those caelculated from .into account the impact.parameter cut-off by the transverse
the megnetic field and two near-by calibrations. _ gize of the beam /20/ was 0.7.10'25 cm?, the background level
, did not exceed 2-10'4 of the effect value. The ratio of the
Lxperiment counting ratea of the photons emitted in the electron and posi-
tron directions was constant during the experiment within iD.S.
The experiment was carried out in April 1984. The VEPP-4 P . The detection of the elastic acattering events in the angular
storage ring had the following perasmeters: the vertical beta- range 15-35 mrad was carried out with the gcintillation coun-
_function in the interaction point was f5E = 12 cm, the maxi- tera placed from the both sides of the interaction region abo-
mum luminosity was about 5.103D sm'E aec'1, the beam life time ve and below the orbit plane. The detection cross section of
was about 5 hours, the time of beam replacing in the storage this process in thEBQ]T gn&rgy1ragicn was 3.6°10° nm?. At
ring was ebout 30 min. . the luminosity 4+10 om~° sec ' the accidental coincidence

background did not exceed 10% of the effect, the level of this
background was continuously measured by the delayed coinciden-
ce method. The stability of the luminosity monitoring system
by small angle scattering was checked by ratio of numbers of
electrons scattered up and down, this ratio being conagtant wi-
thin *1.5%. The relative stability of two luminosity moni-
tors during the experiment was within 22%.

The cross sectlon of e'e” annihilation into hadrons was
measured using the magnetic detector MD-1. T Tig. 1 A9 3
the central part of the detector, equipment for the luminosity
end the beam polarization measurements are shovn. The magnetic
field of the detector is transverse to the orbit plane. The .
field strength in this experiment was 11.3 kGs. Starting from
the interaction region the detector contains: coordinate system

of 38 proportional chambers, 24 scintillation counters, & During the experiment the check-up of the detector ele-

threshold gas Cerenkov counters, 14 blocks of the shower-range nents was performed twice a day, The trigger &l aciTondcs was
shembers. livery block of the shower-range chembers consists of checked, as a trigger the coincidence gignals from couples of
10 proportional chambers separated Dby the stainless steel pla- the coordinate chambers were used. The work of the chembers
teg of 13 mm thick. Muon chambers are placed beyond the magnet and counters was checked by the cosmic particles. The lumino-
winding, inside and beyond the yoke. The scintillation coun- gity monitor systems were checked with the help of light dio-
ters, coordinate and shower-range chambers were used in the des.
trigger. Some additional gelection was cerried out by thc com- In the experiment 4 gcanning of the ;I‘ -meson reglon
puter in "on-line" regime. According to the Monte Carlo simu- were carried out, the sequence of the energy values in each
lation the detection efficiency for the process ete”=+ Y -» had. scenning was chosen accidentallys The integrated luminosity of
was about 99%. With the currents of 7 X T mAZ and the lumino- 2e0 ];:nhn"‘l was collected. The energy ecalibrations took about
aity 4'103D cm-z sec'1 the trigger counting rate wes about ; 15% of time, backsround events recording being done gimultane-
6 1z, end the event recording rate to magnetic tape after fthe ously since during the calibrations the beams were geparated
computer selection was ebout e Hz. ' in the verticsl direction in the interaction point. For the
The luminosity measurement was carried out by the proces- ] selection of the hadronic events the information from the coor-

dinate and shower-raenge chambers was used., With the help of

1




event reconstruction routine the number of charged particles,
their emigsion engles and momenta were determined, as well as
the number of photons and their emission angles. Firstly the
pregence in the event at least one charged particle coming
from the interaction region was required. Subsequent selection
took into account the emission points and engles of the char-
ged particles from the interaction region, their momenta, the
quantity and geometry of the tracks in the shower-range chalm-
bers. According to MC simulation the selection efficiency wes
about 80% for the events of the 3 & -decay to hadrons and abo-
ut 70% for nonresonance continuum. Background level in -the
continuum region did not exceed 5%.

Besides the hadronic eventa the events of large angle
elastic scattering were selected. The detection cross section
of such eventz was 40 nb with the background level less than
1%. The ratio of the number of elastic scattering events detec-
ted in the centrsl part of the detector and in the counters
at small engles was constant during the experiment within the
statistical accuracy. :

Experimental data processing

The obgserved cross gection of the hadronic events vs..the
summed energy of the electrons end positrons is shown in fig.
A, The visible dependence is determined by the storage ring
luminosity distribution over the energy, by the resonance pro-
duction cross gection with the radiative effects teken into
account and continuum level. For a deteminﬁtic;n of the Y -
-meson parameters the observed cross section was approximated
by the following formula:

Byie W) =€ Oy * Eras Jgrﬁ(w‘) L (w-w')dw', 1)

B nar

- O

where Ehr and 5,-125_ ere the detection efficiencies for con=-
tinuwn and resonance, Gp,. andc?)m..: - the production cross
gaection of the hedronic events for continuum and resonance,

8 (W-W'} is the luminosity distribution over the energy,

W is the sum of the electron and positron energies. The
function L (W- W'J is determined by the spread of the partic-
le energy in the beams end was epproximated as follows:

: /, (w-w')"
L‘(w“w J ~ o7 3w E’*PE 2 8% > (15)

where 8w=~5_’28.5 3 BE ig the mean square spread of the par-
ticle energy in the beam. Usually for the fit of the data of
the narrow resonance production as 6“,.25(“') the formula is used
from the peper by J.D.Jackson end D.L.Scharre /21/ claeiming
the accuracy about 1%. Recently E.A.Kuraev and V.3.Fadin deri-
ved the radiative corrections to the single photon amnihilati-
on process with an accuracy of about 0.1% /22/. They have
shown that the formula for Sye, (W) in /21/ is not correct and
in particular for the ¢ -meson it gives an error in leptonic
width about 2+3%. In experimental data processing for L‘gmhf“’)
we used the formula by E.A.Eursev and V.S.Fadin keeping the
terms taking into account only the soft photons radiation and
rejecting the components of the order P‘z , Where

ua( __wi_;f.} (16)
:-."'_ﬁ—_':"" &AMQ 2 - ?

The integration in the formula (14) was carried out similar to
the procedure suggested in /21/, the Brelt-Wigner curve for
the resonance being replaced by delta~function with conserva-
tion of the resonance area rpg s

0 g 5%
grocinttaiig ML (17)
res P P 2 212
o MR e (MEWE)

Finally it was obtained:

6vis (W] =«:‘?m—€3“r+ﬁ‘ms 5,.% G'(W-H)(i+ 81 : (18)
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where f4 is the resonance mass, G{ is the fine structure
congtant, r“(i:+95 is gamma-function, D_a. is a Weber's para-
bolic cylinder function. Pitting of the experimental data was
carried out by the meximum likelihood method, 4 parameters being
fpeec: the resonance mass M , energy spread 3w » the conti-
nuum crosa section 3;11-@“- and the product Eua'sm‘ As a
regult of the fit it was obtained:

M, = 3460.63 £0.41 MeV
2. = 4.40 * 0.12 MeV
&hf‘gﬁr: 3.“21‘9_06 H@

The statistical agreement of the experimental results with the
epproximating function wes P(%%) = 12%. Tt should be noti-
ced that using the formula from /21/ leads to the increase of
the resonance mess value by 0.1 MeV and to the dimimution of
leptonic width by 9%.

In the experimental data fit only the statistical errors
of the number of the detected hadronic events were taken into
account, the energy W Dbeing considered fixed. The energy me-
asurement errors were taken into account in the following way:
the energies in every experimental point were ghifted indepen=-
dently near the average value according to the Gaussgian law
with the standard deviation equal to the error in the value
W at this point. For every set of the energy values the re-
sonance mass was determined. The mean square spread of obtai-
ned mase values, equal to 0.03 MeV, was accepted as an error

14
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of the resonance mass value due to the energy measurement er-
rors. This value was quadratically added to the statistical
error of the 1( -meson mass.

sttematic errors

There were considered different effects that could cont=
ribute the additional error to the 'I“ -megon maess value, The
moat essential of them are:

1. The spin precession frequency depends on [ = EAAE
Eq. {Iilqthe measured | mass is proportional to the elect-
ron mass. The uncertainty in the mass of electron /23/ cont-
ributes an error of about %56 keV in the Y mass.

2« The af- fector was determined by the ratio of the de-
polarization and beam revolution frequencies, their uncertain-
ties lead to the error in the ‘I* -meson mass velue of about
*14 kev.

3. Vertical orbit distortions will perturb the value of
the spin precession frequency because rotations about diffe-
rent axes do not commute. This effect increases quadratically
with the size of the distortions, and we eastimate the correc-
tiom o the Y mass to be about -937 keV for a 1.33.5mm ver-
tical rms distortion.

4. Actually the c.m. energy is not equal to sum of elec-
tron and positron energies due to the motion of produced sys-
tem. For energy spread in VEPP-4 this fact leads to the shift
of the mass value by = 4.150.2 keV., Similar effect caused by
beam angulaer spread is negligible.

5. .The electron and positron energies at the interaction
point differ from average energy in the storage ring due to
gome effects:.s) the interaction point is situated asymmefri-
cally relative to the R.F. cavities (the shift value is Oed+10
of the circumference), b) since the gynchrotron radiation in-
tensity depends on the particle energy, the energy loss at the
fipat half of the circumference is greater than at the second
one. The mass shift value associated with these circumsatances
is negligible.

2

6. There is some chromaticity of the VEPP-4 at the inter-

1R




action point. This means that the transverse beam size depends
on the particle energy. The effect haes been studied experimen-
tally, and the data obtained agree with the cslculations and
give the following form of the luminosity distribution:

w-w'\ L T (w-w')’

L(w-w'}*:(iiw& W )\)?gw Q“FL" 232 2621

where @A = -‘!E-t&i. Thisg effect leads to the shift o the mass
value by =25210 keV.

7. The specific luminosity of VEPP-4 depends on the beam
currents that means that there are some colligion effects. Due
to collimion effects the transverse beam size may depend on the
energy. To estimate the influence of this effect to the Y nass
we divided the experimental data in two parts. One part consis-
ted of the dats obtained at low specific luminosity, another
part consisted of the data obtained et high specific luminosi-
ty. The independent fitting of two parts of date gave the
mass

My = 9460.54 + 0.45 HeV  ( Lg, i b

Mo = 3460.69 +0.16 MeV {Lsp 2 Lsp)-

Thig result shows that the possible ghift of the mass value 1is
lese than statistical error.

8. The beam energy spread may depend on the beam currente.
The results of separate fita of the daile with low and high cur-
renta are

Sw

Ty

o i L )bl palionl.

Sw =462 +017 Mel/ [(I-F"I-) 2 (I+ *I-}]‘

'S0, we did not reveal any dependence of the beam energy gpread
on the beam current.
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9, In the experiment about 35% of the data in the peak
region have been taken without energy calibration. In thesge
cagses the energy was obtained using the magnetic field value
in one of the bending magnet. Separate processing of the data
obtained with and without the energy calibrations gave the
next T mass values:

M, =9460.33%0. 1Y Nev

HT = 9460.682 +0.19 MeV (without energy calibration),

So, we did not reveal any evident systematic error in the
energy measurements using the megnetic field.

(with energy calibration),

10+ Separate fits to the data of all 4 scannings  the
T -megon region agree within statistical errors:

My = 9460.76 + 0.17 HeV/ (1 scen),

N‘]t = 946013 £ 0.24 MeV (2 scan),
Hf'r =ng60.59i020HEV (3 scan),

H'r = §460.36 *+0.20 MeV (4 scan) ,

So, we did not reveal any instability of the detection effici-
ency during the experiment. We conclude that the total shift of
the mass value due to all effects mentioned above is about

- 0.04 MeV end the systematic uncertainty is about Z0.05 lieV.
S0 the final T mass value obtained in this measurement is

My = 3460.53 +0.42 Me V.

This value is in agreement with our previous results of 1982
/9/ and of 1983 /10/:

My =3454.6 £0.6 MeV (1982) ,
My =8464.0 £ 0.5 MeV (1983) ,

At the game time our regult differs from the CUSE one
/11/ by 3.5 standart devistions: ;
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Fig.1. Layout of the detector MD-1

(a - upper view. b - section by vertical plsane):
1 - central part; 2 - additional bending magnets;
3 - system for detection of scattered electrons;
4 - counters for luminomity monitoring by small

£ angle elastic scettering;5 - lenses;6.8 -counters
for polarigzation measurement by SR:;7- counters for
luminesity monitoring by ete” — e+a-a' 19~doubled
ionization chambers; 10~ lead plate of 13mm thick-
negg: 11 - lesd plate of 5 mm thickness.
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Fig. 3. Detector ID=1
1 - magnet yoke; 2 - copper winding; 3 - vacuum
chamber; 4,8,10 = shower-range chambers; 5 -
- geintillation counters; 6 = coordinate chambers:

Fige 2+ Result of one of the depolarization frequency

measurement. £ .
G SR scattering on e~ and At e 7 - gaa Cerenkov counters; 9 - muon chambers.
4 = (up=down)/(up+down) is aversged over 100 sec. ¢

Lower scale shows the depolarizer frequency 'Fd . Beam
currents are I_ = 5.8 m4, T = 6.2 mi.,
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Fig. 4. Observed hadronic cross section in the Tenerg:,r region.
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