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Abstract

Experiments have been started with nonmagnetic SND detec-
tor at the VEPP-2M collider to study ete~ annihilation in a 1
(eV center of mass energy region. The main part of the SND
is a three layer spherical Nal(Tl) calorimeter, consisted of 1632
individual crystals, The calorimeter thickness is 13.5 radiation
lengths and its total mass is 3.6 tons. Inner part of the detector
1s a cylindrical drift chamber system for charge particles track-
ing. Outside the calorimeter the muon/veto detector is installed,
which consists of streamer tubes and scintillation counters. The
preliminary results on some SND parameters, obtained from the
test run at VEPP-2M collider, are presented.
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1 VEPP-2M collider

Electron-positron collider VEPP-2M is the world only ete~ machine in a
pre-¢-factory era, operating in the energy range 2E from 0.4 to 1.4 GeV,
covering the energies of resonance production of lightest quarkonia: oW, @.
Collider complex VEPP-2M (Fig. 1) consists of an injector part with 3 MeV
linear accelerator ILU and 200 MeV electron synchrobetatron B-3M, 900
MeV booster synchrotron BEP for accumulation of electrons and positrons,
and 700 MeV collider VEPP-2M [1]. The maximum luminosity of VEPP-2M
depends on its energy in accordance with E* law, and at the energy of 2E =
1000 MeV it is equal to 3-10°*em~2sec 1. The previous longest experimental
run at VEPP-2M was performed with a Neutral Detector (ND) [2]. The
physical results obtained with ND, were based on integrated luminosity of 19
inverse picobarns [3]. In 1992 experiments with CMD-2 detector [4] started,
and in early 1995 a new nonmagnetic Spherical Neutral Detector (SND) [5]
began data acquisition as well. Now both CMD-2 and SND detectors, located
in opposite straight sections of VEPP-2M, take data in parallel.
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Figure 1: Layout of VEPP-2M collider complex




2 SND detector

2.1 Detector overview

The main part of SND (Fig. 2,3) is a 3-layer spherical Nal(Tl) electromagnetic
calorimeter. Tracking system, located in the detector center, consists of two
coaxial cylindrical drift chambers. In the radial gap between them a 5 mm
thick plastic scintillation counter with wavelength shifter fiber readout is
installed. From outside the calorimeter is covered by a thick (12 cm) iron
absorber, which attenuates residuals of electromagnetic showers. An outer
muon/veto system is located outside the absorber. It consists of sheets of
plastic scintillator and streamer tubes.

2.2 Calorimeter

Each calorimeter layer is divided into separate counters in the following way
(Fig. 4): in the azimuthal direction it is divided into 40 equal parts by planes
with 9° angle between adjacent ones. Each part is further divided in polar
direction into pieces with equal angles Ad¥ = 9°. Crystals at polar angles less
than 36° or greater than 144° are 18° in azimuthal direction. The closest
to the beam crystals of the inner layer, corresponding to polar angles less
than 27° or greater than 153°, were removed. Each layer of the calorimeter
includes 520-560 crystals of eight different shapes. Most of the crystals have
shapes of truncated tetrahedral pyramids. The total solid angle covered
by the calorimeter is equal to 0.9 of 47. The remaining part is occupied
by magnetic structure elements of the storage ring, mainly by quadrupole
lenses. Pairs of counters of the first two layers with the thickness of 3.X, and
5Xg respectively are sealed together in thin (0.1 mm) common aluminum
containers (Fig. 5). In order to improve light collection efficiency and to
separate one crystal from another, each crystal is wrapped in an aluminized
mylar. The gaps between adjacent crystals do not exceed 0.5 mm. The
r.m.s. value of the nonuniformity of the light collection efficiency along the
crystals is less than 3 %. All the containers are fastened to 5 mm aluminum
supporting hemispheres. The outer layer of 6Xy thick counters has a similar
design. Thus the total thickness of the calorimeter is 13.5Xo (35 cm) of
Nal(T1).

As photosensitive devices for the calorimeter counters the vacuum pho-
totriodes are used. The quantum efficiency of their photocathodes is about
15 %, average gain is 10 and light collection efficiency is about 10 %. Signals
from phototriodes are amplified by charge sensitive preamplifiers located di-
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Figure 2: Detector SND — view transverse to the beam; 1—beam pipe, 2—
drift chambers, 3—scintillation counters, 4—fiber lightguides, 5—PMTs, 6—
Nal(Tl) counters, 7—vacuum phototriodes, 8—iron absorber, 9—streamer

tubes, 10—1 cm iron plates, 11—scintillation counters, 12-—magnetic lenses,
13—bending magnets




Figure 4: The structure of SND solid angle division

Figure 3: Detector SND — view along the beam; 1—beam pipe, 2—drift
chambers, 3—scintillation counters; 4—Nal(TI) counters, 5—phototriodes,
6—iron absorber, T—streamer tubes, 8—scintillation counters

Figure 5: The view of Nal(Tl) crystals in calorimeter, 1—Nal(Tl) crystals,
2—vacuum phototriodes, 3—aluminum supporting hemispheres
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rectly on the counters. Qutput signals are transported to shaping amplifiers
via 20 m long twisted pairs. For trigger needs the calorimeter crystals are
logically organized into “towers”. A tower consists of counters located within
18° interval in the same polar and azimuthal directions in all three layers.
The number of counters in a tower is 12 at large angles and 6 in the regions,
close to the beam. In addition to signals from individual counters each tower
produces an analog total energy deposition signal and two trigger signals. In
order to equalize contributions from different counters into the total energy
deposition signal and to obtain equal energy thresholds for trigger signals
over the whole calorimeter, all shaping amplifiers are equipped with com-
puter controlled attenuators, using which, one can adjust channels gain in
steps of 1/255. The resulting electronics noise is close to 0.3 MeV (r.m.s.).

Monte Carlo simulation of SND shows that the expected resolution for
photons in the range of 50-500 MeV is 4-6 % (r.m.s.). It is determined
mostly by the amount of passive material inside the calorimeter. Noticeable
contribution gives also the shower energy leakage due to limited thickness of
Nal(TIl) and gaps between crystals. Some additional instrumentation factors
like electronics noise, errors in calibration, nonlinearity and instability of the
electronics also contribute into total energy resolution of the calorimeter.

The angular resolution of the calorimeter is determined by the size of its
elements and fluctuations of electromagnetic showers in transverse direction.
Its expected value equals 1.5° (r.m.s.). Two showers can be separated, if
the angle between them is more than 9°. If the angle is greater than 18°,
the energies of the showers can be measured with the same accuracy as for
isolated shower. High granularity of the calorimeter is especially useful for the
detection of multiparticle events. For example, expected detection efficiency
for 6-photon events is equal to 60 %, while the rest of events suffer from
particle loss and merging of showers.

The list of SND calorimeter general parameters is shown in Table 1.

2.3 Comparison with Crystal Ball detector

The SND detector resembles in some features our previous Neutral Detector
ND [2] for VEPP-2M and Crystal Ball detector [6]. It combines advantages
of both of them: the spherical shape provides better uniformity over the solid
angle; multilayer structure of the calorimeter makes e/r and v/ K separation
easier. Furthermore, the SND detector in comparison with ND has better
energy and angular resolution and much better hermeticity.

Table 1: SND calorimeter list of parameters

Total weight

Solid angle

Thickness of Nal(T1)
Three spherical layers

3.5 ¢ Nal(T))

90% of 4=

35 em ~ 13.56X,
29X04+ 4.8Xp+ 5.8Xp

Counters in each layer 520 - 560
Total number of Nal(Tl) counters 1632

Angular size of the counter Ap=Ad=9
Amount of material between the drift

chamber and calorimeter 2.3 g/cm? Al
Amount of material between 2-nd and

3-rd layers of calorimeter 2.2 g/em? Al

Readout
Noise per one counter
Energy deposition from y's AE,

Energy resolution for ¥’s 6 E, /E,,
Angular resolution for v’s

Minimal spatial angle for two photons
separation

vacuum phototriodes (VPT)

.~ 0.3 MeV

(0.91 + 0.02) E,
(E, = 50 — 700 MeV)
(4 + 6)%(FW H M/2.36)
(Ey = 50 — 700 MeV)
S = 89 = 1.5°(E, = 300 MeV)

Ap ~ A~ 18°




2.4 Tracking system

Tracking system consists of two cylindrical drift chambers (Fig. 6). The
length of the chamber closest to the beam is 40 cm, its inner and outer
diameters are 4 and 12 cm respectively. The corresponding dimensions of
the outer chamber are 25, 14 and 24 cm. Both chambers are divided into
20 jet-type cells in azimuthal plane. Each cell contains 5 sensitive wires.
Longitudinal coordinate is measured by charge division method with the
accuracy of 3 mm. In addition, cathode strips readout for inner and outer
layers provides the improvement of the latter value to 0.5 mm. Outer drift
chamber improves pattern recognition for multiparticle events. The overall
angular resolution of the drift chamber system is 0.3 - 0.4° in azimuthal and
polar direction respectively. The impact parameter resolution 1s 0.5 mm. The
solid angle for inner chamber is 96 % of 47. The parameters of drift chamber
system are listed in Table 2.

2.5 Muon detector

SND muon/veto system consists of plastic scintillation counters and streamer
tubes [11]. It is intended mainly for cosmic background suppression for the
events without charged particles. The probability of its triggering by the
events of the reaction ete™ — vy at the maximum available energy is less
then 1 %. Muons of the reaction ete™ — utpu~, starting from the beam
energy about 500 MeV, go out from the absorber and trigger the muon de-
tector. The muon/veto system is not included as a component in a charged

particle trigger.

2.6 Trigger

The three level trigger of the detector selects events of different types: events
with photons only, events with charged particles, and cosmic muon events for
detector calibration. The drift chamber first level trigger (FLT) searches for
tracks in the drift chambers with the impact parameter Ar < 20 mm. The
calorimeter FLT uses total energy deposition in the calorimeter and double
coincidences of calorimeter towers with a threshold of 30 MeV.

The second level trigger processor (SLT), which is not fully implemented
yet, will select tracks with Ar < 2 mm and isolated clusters in the calorimeter,
which look like individual showers.

The third level trigger (TLT), which is implemented now as a special
fast computer code on a main data acquisition computer, checks events be-
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Figure 6: The layout of SND drift chambers, 1-—beam pipe, 2—plastic scin-
tillation counters, 3—field wires, 4—sense wires, 5—field shaping strips
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Table 2: List of SND drift chamber system parameters

e Number of chambers —2
e Long chamber (closest to the beam): F
e Solid angle
e Length
e Inner/Quter diameter
e Passive material
e Short chamber:
e Solid angle
e Length
e Inner/Outer diameter
e Passive material
e Both chambers have
e Jet structure
e 20 sectors with Ay = 18°
e 5 layers
e 100 anode wires
e Staggering +0.3 mm
e Charge division readout
e Cathode strips ~ 200
e Spatial resolution for tracks (P=300 MeV /c)
o 2,03 op=2.5° '
e Ar =03 mm, Az=3 mm
e Plastic scintillator between chambers:
e 0.99/cm?
e Beam pipe: 0.15¢/cm? ?

— 96% 4= >
— 40 cm }
—&4/12 em

— 0.3 g/em?

— T70% 4=
— 25 cm

— 14/24 cm
— 0.5 g/cm?
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fore recording them on tape, rejects cosmics events with charged trigger, and
suppresses beam background using z-coordinates of tracks, measured by drift
chambers. In addition TLT identifies collinear events of Bhabha scattering
and 2-v annihilation. These events are used for monitoring collider luminos-
ity. In future it is planned to use TLT for identification of events of main
resonant reactions, and to write on tape only a small fraction of the identified
events.

2.7 Data acquisition system

SND data acquisition system is based on the fast electronics modules KLUKVA
[12], developed in the BINP specially for purpose of the detectors CMD-2,
KEDR and SND.

Analog signals from the detector come to the front-end amplifiers and
shapers, located close to the detector (Fig. 7). Then the signals are trans-
mitted via screened twisted pairs to digitizing modules (ADC, TDC, etc) in
KLUKVA crates. Logical signals from discriminators in KLUKVA crates are
collected by first level trigger interface modules (IFLT). After 1 us, needed
for FLT decision, FLT generates a signal, to start digitizing and operation of
the second level trigger. In case of SLT negative decision (10 us), SLT stops
digitizing and resets digitizers. Otherwise, KLUKVA contents is read into the
RAMs of Output Processor modules (OP), located in KLUKVA crates. This
procedure finishes in 120 us. There are two independent RAMs for events in
each OP and one event can be stored in digitizing modules, such fast buffer-
ing greatly decreases dead time. The total dead time in'KLUKVA is 200 118
per event selected by SLT. Then data from OP RAMs are read by the VAX
server 3300 (Fig. 7) through the CAMAC interface modules with the rate of
2 ms/event at an average event size ~ 1 kByte. Then events are packed in a
special SND format at a rate of 20 ms/event. The TLT program can process
events with a maximum rate of 45Hz. At last the processed events are stored
on 8 mm 5 GByte EXABYTE tape.

3 First data taking run at VEPP-2M

In the beginning of 1995 all SND systems have been successfully tested. The
background trigger rate from cosmic rays and the beam was found to be
not too high. That time SND started operation in parallel with CMD-2
detector. The VEPP-2M initial energy 2E was near 800 MeV, and the average
luminosity without wiggler magnet was about 2 - 102°cm—2sec!.
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Front-end
electronics

EXABYTE ’2| —{ VA Xserver 3300

Figure 7: SND data acquisition system
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The goal of the SND test run was to adjust trigger components and cal-
ibrate main detector systems — calorimeter and drift chambers. Four FLT
event patterns have been set during this run: FLT1 — one charged parti-
cle and one photon at large angle; FLT2 — two collinear charged particles;
FLT3 — two photons at large angle; FLT4 — two collinear photons. An ad-
ditional FLT5 trigger was used for calorimeter calibration with cosmic rays.
In triggers with no charged particles (FLT3, FLT4) signals from the outer
system (drift tubes and scintillator counter) and inner drift chamber system
have been included in anticoincidence. The total energy deposition threshold
about 200 MeV was also included into each trigger pattern. The total trigger
rate with two beams in collider was 10-20 Hz and the dead time was 10-20%.
The TLT selection program on VAX data acquisition computer reduced the
number of recorded events by about a factor of two. The number of recorded
events per integrated luminosity was about 10°events x nb. The average
event length on tape was about 0.5 kByte, the events were recorded in files
of maximum 25,000 events. In addition to events, on the same tape were
recorded: ADC pedestals, ADC and TDC data from pulse generator, scalers,
information from VEPP-2M (NMR frequency, beam current etc.), summary
of detector performance during current run, etc.

4 The problem of the calorimeter calibration

Now there are two methods in use for absolute energy calibration of the
calorimeter: 1 — cosmic rays calibration and 2 — calibration, based on
Bhabha sca,ttering events.

. For cosmic rays calibration events were selected by trigger, containing
a trarL in calorimeter, with at least two fired calorimeter towers with total
energy deposition of more than 50 MeV. Then, events were selected by special
program in VAX3300 computer, where cosmic muon crossed at least one
crystal approximately perpendicular to one of its planes. For each crystal
amplitude spectra, normalized for track length in crystal, were stored and
then compared with simulated ones.

To calibrate SND calorimeter one day is needed to store about 1000 events
per crystal, which allows to reach statistical accuracy of about 1%. Calibra-
tion of this type is done once a month. More frequently, during each shift,
ADCs are calibrated using pulse generator. For that, pulses from generator
are put on preamps input through calibration capacitor. The idea of the
algorithm used in SND calibration procedure is the following:

15




E(MeV)/U(ADC chan.) = E(MeV)/U(gener. code) x

xU(gener. code)/U(ADC chan.)
where E(MeV)/U(gener.code) ratio is obtained during seldom cosmic cali-
bration runs, while the values of U(gener.code)/U(ADC chan.) is measured
each shift and in case of replacement of electronics modules. Full calibra-
tion algorithm takes into account also nonlinearity of ADCs and generator
pedestal. The dependence of ADC code on input amplitude is considered to
be described by 2-nd order polynome determined by three coefficients. To
obtain all these coefficients, ADC calibration is done with two different set-
tings of programmable attenuators, integrated with shapers, and with a set
of different generator amplitudes.

2. Another way of absolute calibration of the crystals of SND calorimeter
is to use Bhabha scattering events. Average amplitudes in each crystal for
experimental Bhabha events and those for Monte Carlo events were used to
obtain the normalizing factors. When the simulated average amplitudes are
calculated, the symmetry of the detector is taken into account, that gives
the essential improvement of statistical accuracy. Because of strong non-
uniformity of the events distribution over U-angle, rather high integrated
luminosity is necessary for the accurate calibration of crystals in the ¥ ~ 90°
direction. For example, at the energy of 2E = 800 MeV the integrated
luminosity L & 25 nb™" is needed to achieve statistical accuracy not worse
than 5 % in calibration coefficients for all crystals.

The quality of calibration can be checked with the same Bhabha events.
Fig. 8 shows the distribution over normalized energy deposition for collinear
charged particles at the energy of 2E = 800 MeV. The plot corresponds to
the integrated luminosity L ~ 1.5 nb™'. For calibration in Fig. 8 there were
used the events of cosmic ray and ete~ — ete~,yv. Measured resolution
(Fig. 8) is about two times worse than expected. The origin of disagreement
is under study now.

Fig. 9 shows measured and simulated two photon effective mass spectra.
A clear 7%-peak is visible in both distributions.

5 Measured parameters of drift chambers

During the experimental run the drift chambers operated with a gas mix-
ture Ar + 10% CO;. Measurements with Bhabha scattering events showed,
that each layer of the chambers had efficiency not worse than 99%. Spatial
resolution in each layer is about 0.2 mm in r — ¢ plane. Corresponding devi-
ation in the direction along the wires, measured by charge division method,
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is about 3 mm. Typical event of ete™ scattering in drift chambers is shown
in Fig. 10.

£ —3 P Iy

"
Figure 10: Typical event of Bhabha scattering in drift chambers

6 Data processing

Th:e schematic view of SND data processing procedure is shown in Fig. 11.
It is based on the following program packages:
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Figure 11: Scheme of the “off-line” data processing

e universal package GIST [7], providing users interface and links with
other packages, including ART, PAW, and events visualization pro-
grams; '

e package ART, which is a data files storage system [8], providing hierar-
chical access to experimental data files, files with detector calibration

constants, run’s summaries, etc.;

e Monte Carlo universal simulation program UNIMOD [9], optimized for
SND.

In the events reconstruction program all data are handled by the package
COCHA [10], which utilizes “The Entity-Relationship Model”. Simplified
version of the reconstruction program operates in a real time mode as a third
level trigger to suppress the events of beam and cosmics background. Table 3
shows the rates of TLT and full reconstruction program.

7 Physical program for SND

The special features of SND like large solid angle of the calorimeter, good
energy resolution for photons, tracking system for charge particles, allow to
reconstruct all kinematic parameters in events with both charged and neutral
particles, allow to study wide range of physical processes, in spite of absense
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Processes | TLT, Hz | REC, Hz
Table 3: The rates of the to- ¥ e 6 17
tal event reconstruction (REC) for T 30 11
the different classes of simulated 70y 45 18
events and rates for on-line third Ko k; 25 9
level trigger (TLT) for VAX server K+ K- 20 4
- 3300

of magnetic field. Table 4 shows comprehensive physical program for SND,
based on an assumption that 50 inverse picobarns integrated luminosity were
recorded. There is no need for much comments to the Table 4. We will only
emphasize some points, deserving attention.

The search for electric dipole radiative decays like ¢ — ag+ v, fo+v can
clarify the structure of lightest scalar mesons and help to determine, whether
or not are they mixed with 4-quark states.

The careful study of et e~ annihilation cross section into hadrons is impor-
tant for precision theoretical calculations of hadron contribution into muon
anomalous magnetic moment (AMM) [13]. In the energy range 2F < 1 GeV,
we have to measure the cross section with the uncertainty of 0.5%. The
corresponding error in AMM calculations would be 0.2 ppm.

The hadronic cross-section is also of great importance to solve the problem
of existence and location of light vector meson radial exitations P w, ¢.
This cross section also contributes significantly into some decay spectra and
branching ratios of 7-lepton, D- and B-mesons.

Higher order QED reactions 2 — 3,4,5 where all particles are electrons
and photons, produced at large angles with respect to the beams, are inter-
esting from the point of view of QED tests. Their cross sections, which are
proportional ~ 1/E*, are high enough to study them at low energy ete~
machine,

The large number of processes, listed in Table 4, shows wide range of
particle research, available at VEPP-2M with SND detector,
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Table 4: Experimental program with SND at VEPP-2M

. Radiative decays

pyw,d — Ty,

¢ — n'y

¢ — ag”, foy, Y, Ty
pyw — TTY

0ZI and G-parity suppressed decays
@ — WT,TT,NAT; p— IT; w — 27

Electromagnetic decays
p,w,p— nete xlete”

ete~ annihilation into hadrons
ete™ — 2m, 3w, 4w, 57

ete™ — wr,nrrw, o7

ete = KtK- ,KeK;, KK=

Test of QED
ete™ — 3v,eTe ™y (2 - 3)
ete™ — 4vy,eTe " yv,4e (2 — 4)

ete™ — 57v,3yete,4ey (2 — 5)

Search for rare Kg decays
: c 8ous Sians
Kg — 27v,37°, 2n%y, 7%, 7%"e

Search for rare n decays
n— 3vy,ete, de

Sea,rch for C-even reactions
€+€_ e ij., g, fD: az, f2
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