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Abstract — Detection of minimally ionizing particles in rare processes requires the creation of
fast detectors with high efficiency and low noise levels. For a device consisting of two MCP
assemblies, the possibility of increasing the detection efficiency of minimally ionizing particles
(~95%) with a simultaneous increase in the signal-to-background ratio and with high resistance

to electromagnetic interference is shown.

Keywords: rare event, minimally ionizing particle, fast detection system, nanosecond

coincidence circuit, signal-to-background ratio

DOI:

Abstract —Efficient detection of minimally ionizing particles (MIPs) in rare physical processes
requires fast detectors with high efficiency and low intrinsic noise. In this work, we present a
detector based on a configuration of two microchannel plate (MCP) assemblies. This
arrangement demonstrates a detection efficiency of approximately 95% for MIPs, while
simultaneously enhancing the signal-to-background ratio and exhibiting strong resilience to
electromagnetic interference. These results indicate that dual-MCP architectures offer a
promising approach for high-precision, low-noise particle detection in challenging experimental

environments.

INTRODUCTION

The NICA (Nuclotron-based Ion Collider fAcility) accelerator complex, currently under
construction at the Joint Institute for Nuclear Research (Dubna, Russia), is designed to enable
unique studies of baryon-rich matter in the MPD (MultiPurpose Detector [1,2]) experiment. It
will employ high-intensity colliding ion beams (up to ""Au) with an average luminosity of
L=10""cm *s™" in the nucleon-energy range of 4—11 GeV/nucleon. The extensive and precise

dataset expected from the MPD experiment will allow detailed investigations of the phase



diagram of strongly interacting matter, including the exploration of possible deconfinement
regions and the search for the critical point. Additionally, the SPD (Spin Physics Detector [3])
experiment aims to study the spin composition of nucleons and polarization phenomena in
collisions of light and heavy ions, using polarized proton and deuteron beams with longitudinal
and transverse polarization and luminosities up to 10°> cm - s .

Under the high-intensity beam conditions of the NICA collider, the primary experimental
goal at the MPD and SPD facilities is to determine the initial conditions of each hadronic
collision event. Rapid event selection requires precise information on the collision time (TO)
[4,5], the interaction point (IP), suppression of events arising from interactions with residual gas
in the ion guide, data on the reaction plane for each event, and determination of the collision
centrality. Such measurements are crucial for subsequent physics analyses. Moreover, under
realistic beam conditions, fast detectors must provide high sensitivity while maintaining
immunity to electromagnetic interference in the microwave range.

To address the requirements for fast monitoring of high-intensity collisions at NICA, a
Fast Beam-Beam Collision monitor (FBBC) was previously proposed [6], designed to operate in
combination with a Beam Position Monitor (BPM) [7]. The FBBC detector is capable of
monitoring collision intensity, determining the IP [8] and event time, and recording the
azimuthal distribution and time-of-flight of the resulting charged particles. When implemented
with microchannel plates (MCPs), the FBBC can also be used to analyze collision centrality.
Previous studies [9-13] have demonstrated that event-by-event measurements of angular
distributions and time-of-flight of charged particles, combined with machine learning techniques,
allow the impact parameter of each heavy-ion collision to be determined with high precision
(~1 fm).

Both the FBBC and BPM systems employ MCPs, which offer rapid response for charged
particle detection. Their compatibility with ultra-high vacuum and the compactness of the BPM
and FBBC components make them well-suited for installation in the NICA collider's vacuum
beamline. The BPM system, based on residual gas ionization, provides high-precision, fast
bunch-by-bunch beam position measurements. A two-coordinate MCP-based BPM profilometer
was successfully implemented in 2021 [7] to monitor ion beams within the high-vacuum booster
ring of the NICA accelerator complex. The FBBC detector may also be located outside the ion
guide, within a separate vacuum system, utilizing a multi-anode readout to record particle time-
of-flight and angular distributions for each event for short signals from the MCP detector.

The MCP detector consists of a chevron assembly of two microchannel plates with a
defined microchannel orientation and an anode system (Fig. 1). For minimally ionizing particle

detection, the first MCP plate functions as an active target, generating primary electrons and



initiating an electron avalanche as charged particles traverse the plate. This avalanche induces a
signal on the corresponding anode. The MCP detector provides a signal duration of less than
2 ns, with high temporal resolution (signal rise time < 800 ps, Fig. 2). MCP detectors also feature
high gain (~10°-107). However, the chevron MCP array produces a broad signal amplitude
spectrum (Fig. 3), with low-amplitude noise pulses—so-called dark currents— usually rejected
via thresholding. The rate of such background signals depends on MCP fabrication and
accelerating voltage, ranging from ~1 to ~100 pulses/(s-cm?). Lowering the detection threshold
to increase efficiency is limited by the concomitant rise in noise. Early measurements with
minimally ionizing particle beams [14—16] yielded efficiencies of ~80%.

In this work, we propose a low-noise detector for minimally ionizing radiation within the
FBBC system. The detector employs two sequential MCP assemblies with a differential signal
pickup to suppress electromagnetic interference and a coincidence circuit to reduce background
and enhance detection efficiency. The paper is structured as follows: Section 1 describes the
design of the low-noise MCP-based detector for minimally ionizing radiation; Section 2 presents

laboratory tests of the improved detector; and the final section summarizes the conclusions.

1. DEVICE DESCRIPTION

To ensure immunity to potential electromagnetic interference, a chevron-shaped MCP
detector assembly with a differential signal pickup circuit was developed (Fig. 4). A key feature
of this design is the detection of a differential signal: one from the anode and one from the lower
surface of the second MCP (MCP-2) (Fig. 4). These signals are transmitted along a symmetric
transmission line to the two inputs of a fast differential comparator.

When a charged particle traverses the MCP, it generates an electron avalanche that
induces two signals of opposite polarity—one on the anode and one on the lower surface of
MCP-2. These signals are transmitted via a 100 Q symmetric transmission line to the differential
input of the comparator, which then produces a logic output indicating particle detection. In-
phase electromagnetic interference, appearing with the same polarity on both lines, does not
generate a signal at the comparator output. The comparator features adjustable thresholds and
low intrinsic noise, allowing the detection threshold to be reduced to approximately 5 mV.

To further improve detection efficiency and reduce background noise for minimally
ionizing particles, the present design employs two identical chevron MCP assemblies arranged
sequentially within a vacuum chamber 2 (Fig. 5). The first assembly 3, with a flat anode 4, is
positioned at the upper part of the chamber, while the second MCP chevron assembly /0, with a

flat anode /1, is located parallel to the first.



The anodes 4 and /1 of the two chevron assemblies are connected via signal transmission
lines 5 and /2 to vacuum connectors 6 and /3. Similarly, the surfaces of the MCPs nearest the
anodes are connected via signal transmission lines 7 and /4 to vacuum connectors. Pairs of
signals—from the flat anodes and the bottom MCP surfaces—are fed to fast comparators § and
15. The comparator outputs are then connected to a nanosecond coincidence circuit 9, which in
turn is connected to a registration unit /. This unit records a signal only when a minimally
ionizing particle passes through both chevron assemblies.

As a particle traverses the sequential MCP assemblies, it initiates primary ionization and
the subsequent emission of secondary electrons from the MCP microchannel walls. These
electrons are accelerated by the electric field between the ends of the MCP in each chevron
assembly, with the potential difference between the bottom plane of the chevron MCP and the
anode directing the avalanche toward the anode. This process induces signals on both the bottom
conductive layer and the anode of each assembly. Signals with opposite polarity are transmitted
via matched differential lines (100 Q) through vacuum connectors to the comparator inputs. The
coincidence circuit registers an event only when a particle passes through both MCP assemblies,
effectively suppressing random noise in the low-amplitude region of the signal spectrum while
reliably detecting true particle events. The registration block records the output of the

coincidence circuit.

2. TEST RESULTS AND DISCUSSION

A prototype device was assembled, consisting of two identical chevron MCP assemblies,
flat anodes, transmission lines, ADCMP604 fast comparators, a nanosecond coincidence circuit,
and a registration unit implemented on an EPM240 FPGA. Each chevron MCP assembly
comprises two standard MCPs with a diameter of 25 mm (active area diameter 20 mm), channel
diameter of 6 um, and resistance in the range of 100300 MQ. A flat anode of 10 x 10 mm? is
positioned beneath each chevron assembly. The MCP assemblies are housed in an insulating
FR4 fluoroplastic case, providing mechanical stability, defined geometry, and high-voltage
insulation. High voltage is supplied to each assembly from an external voltage divider.

The anode of each chevron assembly is connected via a transmission line to a vacuum
microwave output connector, which transmits the signal directly to the corresponding
comparator input. The signal registration threshold is determined by the comparator threshold,
which can be independently set for each channel. Comparator outputs are fed to a nanosecond
coincidence circuit, whose output is connected to the registration unit. This unit records events

corresponding to minimally ionizing charged particles passing through the device.



To suppress in-phase electromagnetic interference, a differential signal pickup is
employed. In this scheme, two signals from chevron assembly—the direct signal and the inverted
signal from the lower surface of MCP—are sent to the comparator input. The comparator output
depends on the difference between these two signals. External electromagnetic interference
induces identical pulses on both lines, which are effectively canceled by the comparator,
ensuring robust detection even in the presence of external noise.

The prototype was mounted on a circular flange of a multifunctional vacuum chamber,
which also houses vacuum connectors for signals and high-voltage connectors for the external
divider. Estimates accounting for cosmic muon flux indicate that, for a coincidence circuit
resolution of =50 ns, individual MCP noise rates of N;=N,=100 pulses/(s-cm?), and a
comparator threshold of 10 mV, the expected rate of random coincidences does not exceed
5x10* pulses/(s-cm?). Experimental measurements were found to be consistent with these
estimates.

The detection efficiency for minimally ionizing charged particles was evaluated using
standard cosmic muon techniques. An additional MCP chevron assembly was incorporated into
the setup to implement a triple-coincidence scheme. The efficiency € was determined as the ratio
of triple coincidences N3 to double coincidences Na:

8=N3/N2,

where N; is the number of coincidences from all three assemblies, and N, is the number of
coincidences from the two chevron assemblies of the device.
Using this method, the two-stage MCP assembly demonstrated a registration efficiency of

954+4% for minimally ionizing cosmic muons.
y g

CONCLUSIONS

To enhance the efficiency of detecting minimally ionizing particles and improve the
signal-to-noise ratio, a detector system based on two chevron MCP assemblies and a nanosecond
coincidence circuit was developed and tested.

The implementation of a novel differential signal pickup scheme—collecting signals
from both the anode and the lower surface of the second MCP in each chevron assembly—
provides effective suppression of in-phase electromagnetic interference when combined with a
fast differential comparator. Simultaneously, the coincidence circuit eliminates random noise
pulses originating from individual MCP assemblies while reliably registering true signals from

minimally ionizing particles traversing the detector.



As a result, the use of the nanosecond coincidence scheme enabled an increase in the
registration efficiency for minimally ionizing particles to (95+4)%, accompanied by a
background reduction of several orders of magnitude, down to approximately 10 pulses

/(s-cm?).
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FIGURE CAPTIONS
Fig. 1. Schematic diagram of the chevron-type MCP detector for charged particles.
Fig. 2. Typical current pulse from the MCP detector. Horizontal scale: 1 ns/div; vertical scale:
10 mV/div.
Fig. 3. Amplitude spectrum of signals from the MCP detector recorded during the detection of
minimally ionizing particles (protons and pions with a momentum of 800 MeV-c ') [14]. The
arrows indicate the thresholds used in operation (/ — 70 mV; 2 — 520 mV).
Fig. 4. Schematic diagram of the MCP chevron assembly with differential signal pickup.
Fig. 5. Low-background  detector =~ for = minimally  ionizing  charged  particles:
1 — registration unit; 2 — vacuum chamber; 3, /0 — first and second chevron assemblies; 4, 1/
— flat anodes; 5, 7, 12, 14 — signal transmission lines; 6, /3 — vacuum connectors; &, 15 —

fast comparators; 9 — nanosecond coincidence circuit.



FIGURES

HV

Lo Active target-converter
Tk

L MCP-amplifier

P Readout anodes

Fig. 1.



MSO8064 Tue August 26 17:05:29 2025
10GSare \ CLLDDDANNNNNNNNNNNLT

RIGOL &®» [#] .00ns %35 )

L 0123 4567
8 919011 12131415

Fig. 2.



Fig. 3.

N, arbitrary units

1.0

0.8

0.6

0.4

0.2

~

- Ny

1500

2000

channel



—
10k 1M 100k 1M [100k

-2kVo—{"3 | 1 \ v}
\ r '—K 100 k . o

n signal transmission

f node [ 100 k lines

’ T! /

/ 50

7 =i G ,

2 — Zdiff=100 Ohm
MCP 50

Fig. 4.



=N
S~
w
% -
11 \.6 \B
e} N
Y |
N~ 30M
-~
_ N\

L--

Fig. 5.



