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A special system to tag scattered electrons (TS) from vy+y-processes is described. The system is intended for the
experiments with KEDR detector at the VEPP-4M storage ring. This system has a high detection efficiency and
good invariant mass resolution. Also the results of Monte-Carlo study with GEANT program for the reaction
ete™ = ete™ntx™ are described. It is shown that such pions can be distinguished from muons from the reaction
ete™ = ete~utu™ using the combined information from TS and KEDR coordinate system.,

1. Introduction

This paper describes the Tagging System (TS)

([1]) to study ~v physics at the VEPP-4M collider i
([2]) with the general-purpose detector KEDR a )
([3]). v interactions (see, for example, [4]) al-
low to investigate states inaccessible in the one-
photon channel.

The diagram for these processes is shown in
Fig. 1a. The electron and positron radiate vir-
tual photons which produce a C-even state. The
momentum P,, and c.m.s. energy W,, of this
state can be expressed through the lost energies
of the scattered electron and positron (below re-
ferred toas SE): wy,ws:

electron

r
pe positron

P’T'f =Wy — Wi; Wﬂy-y = 4“’1“2 (1)

The energy spectrum of virtual photons resem-
bles the bremsstrahlung one (~ 1/w) and the
photons are emitted mainly at small angles with
respect to the beam. The SE angles are related
to the photon angles by momentum conservation
and are also small. As the masses of the pho-
tons are ¢} , & 2E) 2E] 5(1 — cosfl 3) where 6; 2
are angles of SE, the photons are typically almost
real.

So, because of the properties of the +yv-
processes, to attain the high double-tag detection
efficiency one has to detect SE emitted from the
interaction point at a zero angle. l

The interesting problems that can be investi-
gated with the help of such system are:

e Study of the total cross section yy —

hadrons at low Q? for M., up to 4 GeV; X . ‘
Figure 1. a) The diagram of the two-photon pro-

e Study of C-even resonances cesses. b) Layout of VEPP-4M experimental re-
ﬂ,ﬂ'.fm a2, Mey Xe0s Xe2; : gion.

e Measurement of Iy, of candidates for ex-
otic states: fo(1370), fo(1500), fr(1710),
f_](2220), 11'2(1670);
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e Study of the cross section yy = 7w, K K
etc. close to threshold.

2. Tagging System design

The layout of the VEPP-4M experimental re-
gion together with TS is shown in Fig. 2b. The
scattered electron (SE) emitted from the interac-
tion point crosses quadrupole lenses Ly and Lg,
bending magnets M; and M and is detected by
one of the four detection blocks T'S; — T'Ss. The
symmetrical set-up is installed in the direction of
the positron beam.

The SE deviation from the equilibrium orbit
in the magnetic field is proportional to its en-
ergy loss, so one can calculate the SE energy
losses using the transverse SE coordinate mea-
sured with the detection blocks. Let us denote
this value #-coordinate to distinguish it from the
coordinate in i.p. which we will refer to as z-
coordinate. As all fields in the relevant acceler-
ator elements are proportional to the beam en-
ergy Ep, the SE trajectory and, consequently, Z-
coordinate depend only on the ratio Esg/Ep or
w/Ey where w = Ep — Esg. So it is convenient
to describe TS properties using these scaled vari-
ables.

Due to the focusing properties of the
quadrupoles there is some distance from the inter-
action point where the Z-coordinate of SE doesn’t
depend on its emission angle in i.p.. But as the fo-
cusing distance of the quadrupoles depends on the
particle energy, the whole ”image curve” rather
than one ”"image point” exists, formed by such
points for each energy.

The ideal approach is to measure the SE de-
viation just at this curve. The present design of
TS is a reasonably good approximation of this
approach. The detection blocks are placed along
this curve. Each detection block covers a certain
energy range, and the focusing energy (for which
the SE coordinate in the detection block is inde-
pendent of its initial angle) is approximately in
the middle of this range. The total energy range
of tagged SE is from 0.39E} to 0.98Ej.

The double-tag detection efficiency for this TS
design for different beam energies is presented in
Fig. 2a.

The detection blocks are designed as ho-
doscopes of drift tubes. The space resolution of
the hodoscope is about 300um.

3. TS energy resolution

The basic limitations on the TS energy resolu-
tion arise from the energy, coordinate and angular
spreads of the beam particles in the interaction
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Figure 2. Tagging system properties: a) double-
tag efficiency; b) energy resolution: the solid line
is the contributions of the beam spreads, the
dashed line is the contribution of the oz = 300um
space resolution of the detection blocks; c) The
resolution over 47 invariant mass.



point. These spreads smear the relation between
SE deviation from the equilibrium orbit and its
lost energy wsg. To determine the TS energy
resolution, one can simulate how SE with initial
parameters distributed according to these spreads
passes the accelerator structure. If o2°°™ is the
size of the coordinate distribution of SE with the
fixed wsg in the detection block, then the acceler-
ator contribution to TS energy resolution for this
wgE 18

i \!
beam __ beam
TR = (dng) Oz (2)

The results of such simulation are shown in
Fig. 2b,c. Solid line in the Fig. 2b is the ratio of
o%$%™ to the beam energy E, as a function of the
wse/Ey. The dashed line at this picture shows
the contribution of the coordinate resolution of
the detection blocks which is equal to 300um.
The resolution over W.., is shown in Fig. 2¢

For the experimental measurements of the TS
energy resolution we use the process of the back-
ward Compton scattering of the laser photons on
the beam electrons. The special laser facility to
produce the collision of the laser photons and
beam electrons in the i.p. was designed for abso-
lute energy calibration of TS ([1]). It includes the
neodym (Nd:YAG) laser with the first harmonic
energy 1.165 eV. The second harmonic with the
energy 2.33 eV was also available. The special set-
up of mirrors transports and focuses laser photons
at i.p..

After interaction, photons move along the di-
rection of the initial electron with angles of an
order of 1 /v, where ¥ is a relativistic factor for
initial electrons. The maximum photon energy is

Wmaz = 472‘”'0 / (1 + 47""0/”‘9)! (3)

where wo is the energy of the laser photon and m,
is electron mass. The natural width of the upper
edge of these spectra which corresponds to the
maximum energy loss, is negligible compared to
the TS energy resolution, so the measured width
of this edge gives the energy resolution of T'S. The
typical energy spectrum of the Compton photons
measured with TS is shown in Fig. 3a.

The position of the Compton edge in TS is
determined with w¢ maz/Ep and depends on Ej.
VEPP-4M can produce electrons with the beam
energy from 0.9 GeV to 5.4 GeV. Thus, using the
second laser harmonic one can measure the TS en-
ergy resolution and linearity in the whole range
of the T'Sy subsystem. The first harmonic allows
to cover only about a half of the T'Ss range, but
in other combinations of Ey and w¢ maz/ Eb.

For the detailed study of the T'Sy energy res-
olution in the wide range of Ej the Microstrip
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Figure 3. a) The example of the coordinate dis-
tribution of the Compton photon obtained using
MSGC. The third fit parameter is the width of
the spectrum edge in terms o, /Ep. b) and c) is
the TS energy resolution measured with 1-st and
2-nd laser harmonic. Points are the measured TS
energy resolution. The lines are the results of the
MC calculations. Triangles show the Compton
edge energies for corresponding beam energies.
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Gas Chamber (MSGC) with a cell size of 200 um
was used. For this MSGC the space resolution
doesn’t exceed 60um, so the contribution of the
space resolution to the TS energy resolution is
negligible. The MSGC was installed in front of
the drift tube hodoscope and the coordinate in-
formation for each event was recorded for both
systems.

The Compton spectra for different beam ener-
gies were obtained for both laser harmonics. The
width of the corresponding Compton spectrum
edge measured with MSGC gives the TS energy
resolution. These experimental results together
with the results of the calculations are shown in
Fig. 3b,c in terms of o, /w, where w is the energy
of the radiated photon. The results of MC sim-
ulation of the TS energy resolution satisfactorily
describe the experimental data.

4. Two-photon Production of nt7~

A good example to illustrate the advantages
of described TS is the study of the two-photon
production of 7+ 7~ near the threshold. Today
the best available data are obtained in “no-tag”
experiments with the Mark II detector ([5]) using
209 pb—1.

The most difficult problem in this experi-
ment was the elimination of the background from
the reaction ete~ — ete~ete and ete~ —
ete~ptp~. To remove the lepton pair two dif-
ferent method were used. For M., between 350
and 400 MeV/c? the pion pairs were identified
using the TOF system and for Mr, between
540 MeV/c? and 1.6 GeV/c? the calorimeter was
used. Between 400 and 540 MeV/c? no reliable
identification existed, so for this My, and also
below 350 MeV/c? no results were reported. The
situation is basically the same for all “no-tag” ex-
periments. But if we know the energies of both
SE and the momentum of both charged particles
in the central part of the KEDR detector, we have
enough information to calculate the mass of these
particles my:

1
Thr S JZE%F -

Here E,y = w; + wy and Py ,P_ are the mo-
menta of produced particles. If the accuracy is
high enough, we can recognize pion and muon by
their mass. This method can be called “kinemat-
ical identification”.

At the first stage of experiments with KEDR
detector it is planned to accumulate 10 — 20 pb~!
in the J/v energy region. In order to check the
possibilities which the kinematical identification

1(PI- P

1
APl P2y (4)
s 4 E2,

gives for investigation of ete~ — ete~ntn~, the
detailed simulation of this process and ete™ —
ete~ptp~ was carried out using GEANT pro-
gram.

As a generator for ete- — ete putu~
and ete~ — ete"utu~v the program of
F.A.Berends [6] was used. The process ete™ —
ete~ ntn~ was generated in Born approximation
with program [7]. Of course for Wyz>~ 550
GeV the real cross-section are much large than
Born production assumes due to the f3(1270) res-
onance but ceven this approach is sufficient for
the preliminary study near the reaction threshold
which is the region of our prime interest. For both
reactions the events with two reconstructed tracks
in the KEDR coordinate system (drift chamber
and vertex detector) and both SE registered in
TS were selected. To describe the coordinate sys-
tem response the current version of the KEDR
full simulation and reconstruction was used. The
preliminary TS simulation includes the relevant
matter effects and the accelerator contributions
to the TS energy resolution.

The results of the simulation for beam energy
1.55 GeV and integrated luminosity 10 pb~! are
shown in Fig. 4. Figure 4a presents the = — u
séparation. The dashed line shows the separa-
tion with infinite TS resolution. It is seen, that
approximately a half of the long tail of the muon
distribution arises due to radiation of photons and
other half is due to the SE interaction with the
matter of in TS.

Figure 4b shows the number of ete~ —
ete~ntnr— events as a function of the Wy, It
is seen that even with such rather limited statis-
tics we can fill the mentioned above Wy, gap in
the MARK II cross-section measurements and ob-
tain valuable results for Wy, in the range 300-400
MeV.

5. Conclusions

The tagging system of the KEDR detector is
able to measure the lost energy of the beam elec-
trons scattered in the interaction point. The
Compton scattering of laser photons at the beam
electrons allows to obtain photons with energy up
to 870 MeV. One can use the tagging system to
determine the energy of these photons.

The energy resolution of the TS is of an order
of 0.1% of the beam energy and depends on the
beam energy and energy of radiated photon. The
simple MC simulation which takes into account
the accelerator structure and beam properties al-
lows to calculate these dependences.

The tagging system energy resolution was ob-
tained from the width of the edge of the Compton



a
=
L]
=
®
2 } i
;o oL =
2 10°}
-]
o rIJ
‘ .
> 4
® "
2|4 L=10pb~
10 E,=1.55 GeV

100 150

b) particles mass, MeV
>. 150 | | Entries 1826
> L=10 pb~*
s E,=1.55 GeV
g£100 |
e \
2 iy
c
5 l
o 50 EY

flun
ol w

200 400 600 800 1000
mw,mv

Figure 4. a) The solid line is the distribution
over muon reconstructed masses for ete~ —
ete~utu~ events, the shaded area shows the
same distribution for ete™ — ete~ntn~, the
dashed line is the muon mass distribution for the
tagging system with absolute energy resolution.
b) The distribution of the ete™ — ete~ntn~
events over the yv invariant mass
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photons energy distributions. The results of mea-
surements don’t contradict to calculations.

Also the Monte-Carlo study for the reaction
ete™ — ete~ntn~ and its main background are
ete™ = ete~ntn~ were carried out. It is shown
that the masses of the pions and muons can be
determined using the information from TS and
KEDR coordinate system and the accuracy of the
mass determination at beam energies 1.55 GeV is
high enough to distinguish these particles. Even
with rather small integrated luminosity 10pb~!
that allows to obtain interesting results for Wy
between 300 and 550 MeV.
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