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Main targets of  the NICA project:

- study of hot and  dense baryonic matter

- investigation of nucleon spin structure, polarization phenomena

Two interaction points are foreseen for beam intersections of NICA collider at JINR. The event-by-
event monitoring of collisions is required both for the beam tuning and for event selection using the
precise timing (T0) of the events for MPD and SPD experiments at NICA. Data on the reaction plane
and on the event centrality of nucleus-nucleus collisions should be also obtained for physics
analysis. The Beam-Beam Collisions (FBBC) monitor based on the Micro Channel Plates (MCPs) is
proposed. New MCPs with the improved characteristics, such as small diameter (6μ) channels, low
resistivity (100-500 MOhm), high gain (~107), short fast rise-time (~0.8ns) signals, will be used. The
ultra-high vacuum (UHV) compatibility and low-mass compact design allow the application inside
the vacuum beam line. The FBBC is also considered for the local polarimetry at the SPD to monitor
the beam polarization during data taking.The FBBC uses the concept of the isochronous multi-pad
readout and summation of short (~1ns) signals. The prototypes were developed and tested
previously using the beams of MIPs both at JINR and CERN. Results of model simulations and tests
of new prototypes of the fast MCP readout setups are presented and discussed.
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Beam-beam interaction and t0 counters at STAR [1]
To analyze the vertical component of polarization, the following spin asymmetry (ε) is formed:

The symbols R(L) refer to the condition

of no hits  in the corresponding phototubes,    
imposed to avoid ambiguities in the azimuthal angle 
to assign to the event. ( Range in pseudorapidity 2.2 < |η| < 

5.0). 

Fig.1 The STAR beam-beam counter as seen looking towards the interaction point from 
outside of the STAR magnet.
[1] L.C.Bland for STAR collaboration, STAR RESULTS FROM POLARIZED PROTON 
COLLISIONS AT RHIC, arXiv: hep-ex/0403012

Fast Beam-beam Collision counters  (FBBC) for SPD at NICA
Options based on the MCP applications:
A) - Outside the beam-pipe (I) 
Array of sector MCPs with 
multipad readout anodes

B) - Outside the beam-pipe (II)
Array of sector MCPs setup with fast
multianode readout
in thin-wall vacuum chambers
with getter pumps

C) - Inside the beam-pipe (III)
Compact MCP circular setup with fast
multianode readout
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Requirements to  functionality of 
the beam-beam counter

1)  To provide the event-by-event measurements of:
beam location 
3D-beam profile  (2 dimensional + time 
structure) 
luminosity monitoring

2) Additional functionality in determination:
of the reaction plane
of the the event centrality in  nucleus-
nucleus collisions 
T0 --the collision time 
Location of the Interaction Point (IP) 
Possible application in local polarimetry

Compact FBBC is based on the MCPs with center-hole. It is used in the ToF measurements and 
asymmetry event-by-event analysis. The colliding beams go through the MCP’s center hole, 
while the outer edges capture particles from the interaction point (IP). 
Fast BPM – is the MCP-based beam position monitor
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1) High resolution rectangular 43x63 mm2 MCPs with 15 
µm - channel diameter (or with 6µ-channel diameter 
and  enhancing timing response). -- could be used for 
the compact  beam profile (BPM) detector

2) Sector type MCPs for multipad isochronous readout of 
large  area MCP array--could be used for the  FBBC 
detector

3) MICROCHANNEL PLATE MCP 56-15ch 12-15 15 µm -
channel diameter          (with 24 mm center hole and 
outer diameter of 60 mm)--could be considered for a
very compact FBBC detector  placed inside the vacuum 
beam pipe

OPTIONS: VTC "BASPIK" detectors with a gap clearance 
between MCPs (with separated power supply).          
https://baspik.com/eng/news/456/
This unique feature helps to get amplification gain factor 
above 1×107 (in chevron fabrication) and above 1×109

( in Z-fabrication) 

Micro Channel Plates as MIPs detector [1-5]

UHV-UHF technologies for fast readout
Sector detectors of approximately 20 cm2 sensitive area are composed of
micro-channel plates stack and multipad readout anodes
integrated with a microelectronics designed UHF passive summator.

Рис. 1. Разрешение МКП ООО ВТЦ "Баспик"

Рис. 2. Зависимость предела разрешающей способности МКП
ООО ВТЦ "Баспик" с диаметром каналов 8, 6, 5 и 4мкм

от напряжения МКП при напряженности поля в промежутке
МКП-ЭКРАН 10Кв/мм.

Рис. 3. Одноэлектронное амплитудное распределение МКП с
диаметром канала 6 мкм, полученное при

коэффициенте усиления 3*104(UМКП=1260 В).

Рис. 4. Распределение темновых сцинтилляций МКП с
диаметром канала 6 мкм, полученное при

коэффициенте усиления 3*104(UМКП=1260 В). 

Плотность скорости счета темновых импульсов 0,39 имп/

сек*см2. 

Пластины с диаметром каналов 4 и 5 мкм должны быть тонкими (250 мкм и менее). Производство ООО ВТЦ "Баспик" позволяет

изготавливать такие МКП, сохраняя при этом форму пластины, в том числе после термообезгаживания. Мелкоструктурные МКП с

диаметром каналов от 4 до 6 мкм и с толщиной от 213 до 294 мкм, изготавливаемые ООО ВТЦ "Баспик", сохраняют форму после

термовакуумного обезгаживания при температуре от 420°С до 500°С в течение 24 часов и не трещат после механических испытаний.

Механическая прочность МКП позволяет использовать ее в электронно-оптических преобразователях, предназначенных для
приборов ночного видения широкого спектра применения.

Результаты испытаний на конструктивно-технологический запас, которые регулярно проводятся ООО ВТЦ "Баспик", показали, что

микроканальные пластины ООО ВТЦ "Баспик" по механической прочности соответствуют требованиям технических условий на МКП

и выдерживают воздействие синусоидальной вибрации (при ускорении 10g, 15g и 20g, в диапазоне частот 1-1000 Гц и общем

времени воздействия 6 часов – по 3 часа в двух взаимно-перпендикулярных направлениях), воздействие механического удара

одиночного действия (при ускорении 300g, длительность ударного импульса 1-3 мс, количество ударов 10000, 15000 и 20000) и

воздействие механических ударов одиночного действия (при ускорении 500g, 750g, 1000g и 1500g, общее количество ударов 6 – по 3

удара в каждом из двух взаимно-перпендикулярных направлений).

МКП ООО ВТЦ "Баспик" обладают очень малым газоотделением и большим сроком службы. При этом пластины не требуют

очистки.

МКП в режиме зарядового насыщения обладают ХОРОШИМ ОДНОЭЛЕКТРОННЫМ АМПЛИТУДНЫМ РАСПРЕДЕЛЕНИЕМ со
следующими характеристиками:

а) Амплитудное разрешение 100–125% и отношение Пик/долина 1,5–2, при этом МКП практически не имеют темновых сцинтилляций

с энергией более 2е.

б) Фактор шума МКП в пределах 1,9 – 2,3.

MCP-based beam position monitor (BPM)  at JINR[1]

Tests at CERN beams[3]

Repot by G.Feofilov at XV Vienna Conference on Instrumentation

Polarized beams at NICA
 p p at  spp = 12 - 27 GeV,  Lav ≈  1032 cm-2s-1

 d d at sNN =   4 - 13 GeV

 longitudinal and transverse polarization at SPD and MPD

GEANT simulations

Example: Arrival time of pions to the MCP disk 
at 85cm from the IP after Pb-Pb collision

Signal (left) and timing of the beam location and width (right) in the beam-tests at JINR 
Nuclotron [1]
[1] A.Baldin et al.,  Physics of Particles and Nuclei Letters, 2014, vol.11, №2 (186), p.209-218.

Left:     Signal shape from 8μ-channels MCP setup ( <2ns FWHM, 0.84 ns rise-time).
Right:  Spectrum of amplitudes (Sr-90 beta source, chevron 8μ-channels MCP setup)

Beam test facility at JINR

Gating  grid

MCP

Strip readout 

General scheme of Circular 
Bridges Summator for 8 input 
channels. Passive summator based 
on circular bridges (UHF 
microelectronics design) 
assembled inside the test board. 8 
50 Ohm inputs, 1 coaxial 50 Ohm 
output, 8 charge outputs.

1. Transfer Coefficient =  10 dB in 410-1000MHz frequency range (6dB)
2. Cross-talk between neighbour channels = 11dB;
3. Cross-talk between neighbour pair channels = 19dB;
4. Cross-talk between other pair of channels = 40 dB;

The in-beam tests of the detector prototypes and electronics
at CERN GIF area (150 GeV/c muons) and at the T10 area of
the CERN PS beams (7.5 GeV/c). The detector to be tested
was positioned between 4 fast scintillation counters which
determined the charged particle trajectories and were
included in the trigger. The detector output signal passed
the fast (1 GHz), low-noise preamplifiers and was then sent
(see Fig. 2) to the fast timing electronics. The dynamic range
of the signals applied was from 30 mV to 1:5V [3].The best
experimental in-beam results obtained previously with
chevron MCP detector was in 75 ps timing resolution
obtained at 75% efficiency for the registration of a single
MIP [3].

BPM

IP

In-lab tests of new MCPs at JINR

Example: 5 GeV/c proton track 
in the MCP and the energy
distribution of delta-electrons

GEANT model
of the MCP. 

Summary:
1) A compact setup of two detectors with high timing capabilities based on the MCP applications -- the Fast Beam-Beam Collision counters (FBBC) and the Beam Position Monitor (BPM),

is proposed to meet the wide set of requirements of the future physics programme with the polarized beams in the SPD at NICA
2) The feasibility of the event-by-event monitoring of the beam-beam interactions at NICA is confirmed both by the previous developments of the UHF-UHV technology and by the beam

tests at JINR and CERN of the prototype detectors and electronics, as well as by the in-lab tests of new 8μ-channels MCPs with the improved characteristics.
3) The new R&D efforts will be focused on the development and the in-beam tests of the next generation of compact fast MCP-based FBBC prototypes using the beam-test facility at JINR.
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