TECHNICAL PHYSICS LETTERS

Founded by loffe Institute

Published since January 1975, 12 issues annyally

Editor-in-Chief: Grigorii S. Sokolovskii

Editorial Board:

Nikita Yu. Gordeev (Deputy Editor-in-Chief), Alexey Yu. Popov (Deputy Editor-in-Chief), Grigorii S. Sokolovskii
(Deputy Editor-in-Chief), Elena A. Kognovitskaya (Executive Secretary), Alexey D. Andreev, Leonid G. Askinazi,
Levon V. Asryan, Nikita S. Averkiev, Nikolay A. Cherkashin, Georgiy E. Cirlin, Vladimir G. Dubrovskii,
Andrey V. Dunaev, Rinat O. Esenaliev, Sergey V. Goupalov, Alexandra M. Kalashnikova, Sergey B. Leonov,
Vladimir N. Mantsevich, Edik U. Rafailov, Andrei Yu. Silov, Igor V. Sokolov, Lev M. Sorokin,

Valeriy V. Tuchin, Alexey B. Ustinov, Nikolay A. Vinokurov, Alexey E. Zhukov

ISSN: 1063-7850 (print), 1090-6533 (online)

TECHNICAL PHYSICS LETTERS is the English translation of ITIMCbMA B )KYPHAJI TEXHUYECKOM ®U3UKU
(PISMA V ZHURNAL TEKHNICHESKOI FIZIKI)

Published by loffe Institute

Saint Petersburg © Joffe Institute, 2026
Ioffe Institute © Composed by the Editorial Board of the Journal

PISMA V ZHURNAL TEKHNICHESKOI FIZIKI



Technical Physics Letters, 2026, Vol. 52, No. 3

12

Modernization of the L-1 trigger of the CMD-3 detector
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This paper describes the trigger system of the CMD-3 detector at the VEPP-2000 electron-positron collider
and presents the results of its modernization. We review the operating principles and architecture of the original
system. A key upgrade involved the development of a new Decision Making Block, which implements improved
algorithms for selecting events of interest. This modernization enhanced the system’s performance while maintaining
high event registration efficiency. Tests under real experimental conditions confirmed the stable operation of the

upgraded trigger system.
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Experiments at the VEPP-2000 electron—positron collider,
which has a record-high luminosity within the energy range
from 320 to 2000 MeV in the center-of-mass system, have
been conducted since 2010 at the Budker Institute of
Nuclear Physics [1]. Two detectors are involved in these
experiments: a spherical neutral detector and a cryogenic
magnetic detector (CMD-3) [2]. Precise measurement
of hadron production cross sections in electron—positron
annihilation is one of the key objectives of CMD-3. CMD-3
is a unique setup that combines the characteristics of a
magnetic spectrometer and a calorimeter with high energy
and spatial resolutions. A data acquisition system (DAQ),
which processes approximately 15000 electronic measuring
channels, ensures data collection and control of detector
subsystem parameters. A trigger system ensures well-timed
recording of data from all detector subsystems. It analyzes
data from detector subsystems continuously and looks for
signs of an event; if a useful event is detected, a trigger
signal is generated.

A complex electronics system was designed for precision
experiments at CMD-3. This design specifies a common
architecture of electronic units and protocols of communi-
cation between them. Particular attention was paid to the
temporal DAQ properties: synchronization of triggering of
measurements, data collection, and transmission and control
of the reliability and efficiency of the electronics system
as a whole. A communication channel for transmitting
synchronization signals and data (C-Link) was developed
specifically for this purpose [3]. Logically, the DAQ may be
divided tentatively into several functional levels (Fig. 1) that
perform different tasks: recording electronics, primary (L-1)
trigger, and service electronics. At the level of recording
electronics, signals from the physical detector subsystems

are amplified, subjected to analog processing, converted
into digital form, and prepared for transmission to the event
builder.

The key function of the L-1 trigger is to decide whether
the current event in the detector should be recorded and to
initiate (with a delay no greater than 2us) the process of
measurement and data recording by all detector subsystems.
To speed up the L-1 trigger operation, the volume of
processed data is reduced by combining signals from several
channels of the detector subsystems into trigger groups
in the recording electronics. Trigger data are prepared
for further analysis in the interface blocks of the L-1
trigger. The task of deciders is to search efficiently for
useful events (based on the data on trigger groups that
have been actuated) with the minimum possible processing
time and make a decision about actuating the detector.
The algorithms of deciders are implemented on FPGAs
(field-programmable gate arrays), which ensures minimum
processing time (due to parallel computing) and provides
additional service capabilities.

Logically, the L-1 trigger may be divided into two parts:
»charged and ,,neutral ones. The charged trigger processes
data from the drift chamber [4], while the neutral trigger is
focused on the detector calorimeters [5].

The input data for the charged trigger are actuations
of 192 trigger groups, which are combined into eight
layers (see Fig. 2,a). The decider of the charged
trigger (Trackfinder, TF) searches for charged particle
tracks in time slices corresponding to each beam rev-
olution in VEPP-2000. The track search algorithm is
based on sorting through pre-made track masks (tra-
jectory templates). If the actuated trigger groups
match at least one mask, a track is considered to
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Figure 1. Data acquisition system of CMD-3.
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Figure 2. Diagram of division of the drift chamber (@) and calorimeters (b, ¢) into trigger groups.

be detected and the corresponding event is considered
useful.

The calorimeter detects neutral and charged particles
by the energy release in a heavy material. The CMD-
3 calorimeter has three parts: a cylindrical internal liquid
LXe calorimeter, a cylindrical external crystalline Csl
calorimeter, and an end (on both sides) crystalline BGO
calorimeter. Each cylindrical calorimeter is divided into
80 trigger groups: 16 groups in azimuth angle and five
groups in longitudinal direction. The end calorimeters
on each side are divided into 24 groups: outer ring (16
groups) and inner ring (eight groups). Owing to high
flux intensities, the inner ring is used only for on-the-fly
luminosity measurements. The calorimeters are divided into

trigger groups in accordance with the trigger group map
shown in Figs. 2, b,c. Trigger group signals are generated
by analog summation of signals from the corresponding
calorimeter channels. Analog signals are fed to ADAM
modules, which digitize them, measure the energy, and
transmit data on the trigger groups actuated in each beam
revolution to the decider. The decider of the neutral trigger
(Clusterfinder, CF) produces the features characterizing the
current event. Since particles in calorimeters actuate several
trigger groups, groups of actuated trigger cells (clusters)
adjacent at the edges or corners are formed first. The cluster
search algorithm determines their number, relative positions,
and size. This algorithm applies Boolean operations to
rows and columns of the map of actuated trigger groups.
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Figure 3. Efficiencies of charged (@) and neutral (b) triggers.

Based on the obtained cluster data, Clusterfinder generates
45 different event features for each beam revolution.

One of the key characteristics of the L-1 trigger is the
efficiency of recording of useful events. Figure 3 shows
histograms of the efficiency of charged and neutral triggers
as a function of polar angle 6 for elastic electron—positron
scattering (Bhabha scattering) events. It can be seen that
the charged and neutral triggers provide high efficiency
of event detection within the entire sensitive area of the
detector; however, the efficiency decreases gradually toward
the edges. The developed event selection criteria provide
an opportunity to detect efficiently both events with two or

1™ Technical Physics Letters, 2026, Vol. 52, No. 3

more particles and the production of nucleon—antinucleon
pairs, which are the events that produce a signal only
in one local region of the detector upon annihilation of
antiparticles. The L-1 trigger was proven to be highly
effective: it was used to accumulate a total luminosity
exceeding one inverse femtobarn (1fb~!), which marks
entry into the elite club of ,particle factories.” Its high
efficiency enabled the measurement of dozens of physical
processes (often with record-high accuracy).

The VEPP-2000 collider is continuously undergoing mod-
ernization, which leads to an increase in luminosity. Higher
luminosities provide an opportunity to study rarer processes,
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Figure 4. Temporal diagrams of operation of charged (a) and neutral (b) triggers.

but the number of background events also increases. There-
fore, the quality of event selection also needs to increase.
The main goals of L-1 trigger modernization are to optimize
existing event selection methods, implement new ones, and
increase performance and reliability. At the first step, the
deciders were replaced with a new trigger module: Decision
Board (DB). With the charged and neutral trigger functions
combined in a single module, one gets a chance to form
mixed masks for selection of more complex events. In
addition, the use of modern hardware components expands
significantly the opportunities for analysis of experimental
events and monitoring the operation of the L-1 trigger as
a whole and its components. An additional high-speed
channel for data transmission in the DAQ was needed to
implement these new capabilities. An Ethernet interface
was added to the DB for this purpose.

Figure 4 shows the temporal diagrams of operation of the
L-1 trigger with the DB. The decision-making time spread
for the charged trigger is determined largely by the time of
charge collection from the drift chamber wires (Fig. 4,a).
In the case of the neutral trigger, the decision-making time
spread is determined by the signal-to-noise ratio in the
calorimeter trigger channels (Fig. 4, b).

The functionality of the DB as part of the DAQ was
tested in experiments. A comparative analysis of operation
of the deciders used previously and the DB was carried
out. With this aim in view, input data on the actuated
trigger groups was fed simultaneously to both versions of
trigger blocks. This comparative analysis confirmed that the
operating parameters of the trigger system were improved

(specifically, operating speed was increased without sacrific-
ing event detection efficiency, and trigger decision-making
time spread was reduced). Track and cluster search times
were reduced by 50 % and 30 %, respectively.

The next stage of trigger modernization will involve a
4-fold reduction in size of the calorimeter trigger cells and
the transfer of energy deposit in each trigger channel to
the DB. This is hardwired into the new electronics being
developed [6] and, together with the use of more complex
data processing algorithms, will provide an opportunity to
improve radically the signal-to-background ratio [7]. At
present, nearby particles merge into a single cluster when
multiphoton events are analyzed. For example, when an
eta meson decays into three neutral pions, six photons
are produced, but only four or at most five clusters are
identified; therefore, the threshold can only be set at
four clusters. The main background here are quantum
electrodynamics (QED) events, where the probability of
production of each additional particle is proportional to fine
structure constant @ = 1/137. Correct calculation of the
number of clusters will allow one to raise the threshold
to five or six clusters and suppress the background from
QED events by several orders of magnitude. Two-photon
production events, which are currently beyond the reach
of CMD-3 due to the high background level, are even
harder to detect. Cluster data are insufficient to identify
them; one needs to calculate kinematic parameters (e.g., the
invariant mass of two clusters) in real time. The expanded
functionality of the DB made it possible to implement and
test experimentally with real detector events the algorithm
for selection of two-photon neutral pion production events
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proposed for the new electronics. Significant background
suppression was achieved even at the current trigger cell
size. Trigger modernization in the new electronics will
improve significantly the accuracy of determination of
kinematic parameters and open the way to studying a new
class of events.

Experiments with CMD-3 at the VEPP-2000 electron—
positron collider have been conducted for more than ten
years. The work on modernization of the L-1 trigger
and new electronics aimed at increasing the accuracy of
identification of rare multiphoton processes and examin-
ing currently inaccessible two-photon production events is
currently underway. The designed DB has been used
successfully in experiments for a year and allowed us to
accumulate a total luminosity exceeding 50 pb~!. The new
block was found to be exceptionally efficient and reliable in
data collection. The increased flexibility of the system made
it significantly easier to use, configure, and maintain it. The
expanded functionality of the DB allowed for experimental
verification of a new algorithm for selection of two-photon
neutral pion production events, which was developed for the
new electronics design, and revealed a promising outlook for
studies into this complex process.
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