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Abstract

The general purpose detector CMD-3 has been collecting data since 2010 in
an energy range 0.32-2 GeV at the e™e™ collider VEPP-2000 at the Budeker
Institute of Nuclear Physics. The detector physics program includes the study
of the e*e™ annihilation into hadrons. To supply high registration efficiency
for neutral particles the CMD-3 has an electromagnetic calorimeter consisting
of three subsystems: BGO endcap calorimeter and barrel with an inner part
based on LXe and an outer one based on Csl crystals. The main parameters
of calorimeters, cluster reconstruction and calibration procedures with perfor-
mance results are described.
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1 Introduction

The VEPP-2000 [1, 2] is an e™ e~ collider at the Budker Institute of Nuclear Physics (Novosibirsk, Rus-
sia). It operates in a center-of-mass (c. m.) energy range from 0.32 to 2 GeV. The designed luminosity
of the collider at 2 GeV c.m. energy is 1032 cm™2 s~!. In order to reach the design luminosity in a
single-bunch mode the novel round beam technique developed at the BINP is used. The beam energy is
monitored with a precision of AE/E = 6-107° using the Compton backscattering process [3, 4]. There
are two interaction points at the collider and two detectors are mounted there: the Spherical Neutral
Detector (SND) [5, 6] and the Cryogenic Magnetic Detector (CMD-3) [7]. Data taking started in 2010.
The integrated luminosity collected by each detector during three years of operation is about 60 pb~!. In
2013 the collider operation was stopped for a collider and detectors upgrade, and it has been resumed in
2017.

The physical program [8, 9, 10] includes measurement of the ete™ — hadrons cross sections,
study of the properties of known and search for new vector mesons, measurement of n# and pp cross
sections near their thresholds and search for exotic hadrons. These tasks require a detector with high
efficiency for multiparticle events and good energy and angular resolutions for both charged particles
and photons.

The CMD-3 is a general purpose detector. Its layout is presented in Figure 1. The electromagnetic
calorimeter is one of the most important systems of the CMD-3 detector. Its main goals are measurements
of energy and coordinate of the photons, the separation of electrons from hadrons and a generation of
signals for the neutral trigger. The calorimetry of the detector consists of barrel and endcap parts. The
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barrel calorimeter combines the inner liquid xenon calorimeter (LXe) [11] and the outer one based on
Csl crystals [12]. The endcap calorimeter [13] is based on the bismuth germanium oxide BiyGe3012
(BGO) crystals. The total solid angle coverage of the CMD-3 calorimeter is equal to 0.94 x 4.

Fig. 1: The CMD-3 detector layout: 1 — beam pipe, 2 — drift chamber, 3 — BGO endcap calorimeter, 4 —
Z-chamber, 5 — superconducting solenoid, 6 — liquid xenon calorimeter, 7 — time-of-flight system, 8 — CsI
calorimeter, 9 — yoke

2 General description

The inner LXe calorimeter is a set of 14 ionization chambers with 7 cylindrical cathodes and 8 anodes
divided by 10.2 mm gaps between them. The calorimeter is placed in the same vacuum vessel with
a superconducting solenoid to reduce passive material in front of the calorimeter. The electrodes are
made of a 0.5 mm thin G-10 plate foiled with copper. The conductive surfaces of the anode cylinders
are divided into 264 rectangular pads (8 along the Z-axis and 33 in the » — ¢ plane) forming so-called
“towers” oriented to the beam interaction point. Pads within one tower are electrically connected. The
average tower size is 8 x 10 x 15 cm®. The signals from the towers are used to measure the deposited
energy. The cathode cylinders are divided into 2112 strips to provide a precise coordinate measurement
together with the measurement of specific energy losses. Each side of the cathode cylinder contains
about 150 strips. The strips on the opposite sides of the cylinder are mutually perpendicular. One signal
strip consists of four joined 2 mm width strips. Such semi-transparent electrode structures provide charge
induction on both sides of cathode electrode. That allows one to determine both coordinates of the photon
conversion point using the information from one gap only. The design of the liquid xenon calorimeter is
described in detail in [14, 11].

Since the LXe calorimeter is rather thin (5.4 Xp) it is surrounded by the CslI scintillation crystals
calorimeter to improve the energy resolution. The CslI calorimeter consists of 1152 6 x 6 x 15 cm® Na-
or Tl-doped CslI crystals assembled in 8 octants. Each octant consists of 9 rows (modules) of crystals.
The modules are oriented along the Z-axis. Both sides of the modules of each octant have a special
truncated shape in order to avoid gaps between octants. Each module consists of 16 counters. The length
of the crystals corresponds to a thickness of 8.1 Xy. The total sensitive material thickness of the barrel
calorimeter for a normal incident particle is equal to 13.5 Xg. The thickness of the passive material in
front of the barrel calorimeter is 0.35 X and passive material between LXe and CslI parts of the barrel
calorimeter is 0.25 Xy. The design of the CsI calorimeter is described in detail in [12].
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To increase the solid angle coverage the CMD-3 is equipped with the endcap calorimeter. It
consists of 680 BGO crystals of 2.5 x 2.5 x 15 cm? arranged in two identical arrays. The endcap
calorimeters cover polar angles from 17° to 50° and from 130° to 163°. The length of the crystals
corresponds to the thickness of 13.4 X. The design of this calorimeter is described in detail in [15].

3 Cluster reconstruction

Fig. 2: Cluster reconstruction in the LXe calorimeter from strip information

The standard cluster reconstruction procedure in crystal and LXe calorimeters begins with search-
ing for a calorimeter element with energy deposition, greater than 5 MeV, a seed. Then all neighbour
elements having at least 2 MeV of energy deposition are grouped together in one cluster and the pro-
cedure is repeated. This algorithm introduces a limitation on the minimal distance between clusters in
the LXe calorimeter to be properly reconstructed. The distance equals a tower size corresponding to
~ 40mrad. This is not sufficient for multiparticle processes and for high energy 7¥ decaying into two
photons. Because of that the development of the new reconstruction algorithm [16] has been started to
separate close incident photons based on LXe strip information. Firstly, using simulation the most prob-
able radius A; of an electromagnetic shower for each cathode layer was determined. Then for a tower
cluster the conversion point — closest to the interaction point cross-section of strip clusters — is treated
as a seed to which the connection of strip clusters with respect of A; is performed, see Figure 2. Groups
of leftover strips in the tower cluster are considered as another photon. At the next step sorting of strip
photons by energy calculated from strip information is done and the top two energetic photons are saved,
the others are rejected. In the end one has precise knowledge about the photons’ conversion points and
their combined energy measured with the anode structure and rough energy estimation of each photon by
cathode signals. A test of the new algorithm was done with simulation data of the ete~ — 7%~ process
for energies from 1 GeV to 2 GeV in the centre of mass frame. The result shows a significant growth in
the detection efficiency for high energies.

4 Calibrations and resolutions

Several procedures are used for the calorimeter calibration. Electronic channel calibration with a
pulse generator provides the measurement of the pedestals, electronic gain and electronic noise of each
calorimeter channel. For crystal calorimeters cosmic ray particles in special calibration runs are used.
Since the standard CMD-3 trigger does not suppress all cosmic rays events the experimental data sample
contains such events and they are also used for the calibration. This type of calibration is used for both
endcap and combined barrel calorimeters. For LXe calorimeter a calibration with e*e™ elastic scattering
events is used. For the endcap calorimeter the energy corrections are performed using the two-photon
annihilation process, ete™ — 7, to obtain absolute energy calibration. The calibration procedures for
the joined barrel calorimeter are described in [17] and for the endcap calorimeter in [13].

Two-photon annihilation and Bhabha events were used to obtain the energy and spatial reso-
lutions of the calorimeters. The results are shown in Figure 3 and Figure 4.The problems in the
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calorimeter electronics in 2010-2013 caused the rise of LXe+Csl og/E for high beam energies in
Figure 3. The electronics were fixed during the collider shutdown. The energy resolution for the
barrel calorimeter can be parametrized as og/E = 0.034/y/E/GeV & 0.020 and for the endcap as

oi/E =0.024//E/GeV & 0.023.

Fig. 3: Energy resolution of calorimeters Fig. 4: Spatial resolution of calorimeters

To obtain the spatial resolution of the calorimeters the distribution of the azimuth angle acollinear-
ity A¢ = m — |¢p1 — ¢2| was used, where ¢; and ¢y are the azimuth angles of the photons. This
distribution was approximated by a Gaussian function, the angular resolution of the calorimeter o4 was
defined as the standard deviation of the Gaussian function. The coordinates of most (95%) photons de-
tected in the barrel calorimeter are measured using LXe strips data with an angular precision of about
0.005 rad, which slightly depends on the photon energy. In this case the angular resolution can be fitted
as 0, /mrad = 3.70 4 0.33/(0.25 + £//GeV). For about 5% of events the conversion point is not recon-
structed by strip data and the photon coordinates are determined as the centre of gravity of the cluster.
For such a case the correction function for the photon coordinates was determined from the simulation.
The angular resolution in this case can be fitted as o, /mrad = 37.0 4 3.6/(0.1 + E/GeV).

The spatial resolution of the endcap calorimeter was calculated as 0, = o, - Zy - tan 6/ /2 where
Z is the distance from the interaction point to the front plane of the endcap and 6 is the polar angle of
the photon. The resolution can be fitted as o, /mm = 3.03/{/E/GeV.

Finally, to demonstrate the calorimetry performance Fig. 5 and Fig. 6 contain the distribution of
photon invariant masses obtained during analyses of ete™ — 7t7 70 and ete™ — 70y, 7y with
pseudo-scalars decaying into two photons. For the first process the 7° mass resolution is about 8.5% and
5.8% for n-meson in the second process.

5 Conclusion

The calorimeters were installed into the CMD-3 detector and have been used in the experimental data
taking since 2010. The calibration procedures of the calorimeters have been developed and used during
all three physics seasons. The standard photon energy reconstruction procedures have been developed
and applied, the new algorithm using strip information to separate close photons is under design. The
energy and spatial resolutions at 1 GeV have been determined to be 4.5% and 2 mm for the barrel
calorimeter and 3.5% and 3 mm for the endcap calorimeter respectively.
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Fig. 5: The distribution of the two photon invariant  Fig. 6: The distribution of the two photon invariant

mass in the ete™ — 7770 process before kine-  mass in the e"e~ — 37 process before kinematic re-
matic reconstruction. The comparison of experimen- construction. The signal peak shown from ete™ —
tal (open blue) and simulation (closed red) data is pre- ny.

sented.
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