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Площадь каркаса TOF/SPD в ~2 раза меньше, 
чем площадь каркаса TOF/MPD

Сравнение размеров установок SPD и MPD 
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Time-of-flight (TOF) detector
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16×9=144 MRPC

~4 m

• Purpose: π/K/p discrimination for 
momenta ≲2 GeV, determination of t0.

• Time resolution requirement <60 ps.
• Sealed Multigap Resistive Plate 

Chambers (MRPC) are the base option.
• Eco-friendly gas is under discussion 

HFO-1234ze (C3H2F4) 4-th generation.
• Number of readout channels is ~12.2k

TOF Chambers for Barrel

(overlap in 2 dimensions)

TOF Endcap scheme 15.03.2023TOF Chamder Endcap
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TOF Chambers for Endcap

2×16=32 MRPC

Reconstruction for pp at √s=27 GeV
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Figure 7.10: Reconstructed particle m2 as a function of the initial track momentum for pions, kaons, and
protons. For each particle type 3s intervals are also shown. The figure is obtained for the minimum bias
sample of pp collisions at 27 GeV.
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with 1 cm pitch are configured on the PCB sheets. Five PCBs are required in this design. The cathode2239

and anode signals are transmitted through differential cables. During the preliminary cosmic ray test,2240

the high-performance Analog Front-end Electronics (AFE) and the Lecroy oscilloscope (10 GHz pulse2241

sampling) were used. The crossing time of a signal is determined when setting a fixed threshold, and it2242

is related to the amplitude of the signal. The time spectrum of the difference of the two MRPCs is shown2243

in Figure 7.3 (b). It can be seen that the time resolution of each MRPC is 23.24 ps /
p

2 =16.4 ps.2244

Beside the implementation of the MRPC type described above, it is possible to realize cameras in the2245

variant with the application of the resistive layer on each of the camera glasses. This option was created2246

and tested in IHEP (Protvino) [40], it showed time resolution better than 40 ps. An additional advantage2247

in terms of reduced power supply voltage, in comparison with the camera described above.2248

3 Advantage of self-sealed MRPC2249

The choice of the working gas mixture for MRPCs has always been an important topic. It should allow2250

the MRPC detector to perform successfully and stably for different purposes, and be eco-friendly at the2251

same time. This indicates that the gas mixture should have a low ozone depletion power (ODP) and2252

global warming potential (GWP). The tetrafluoroethane currently used in MRPCs is ozone-friendly, but2253

with a GWP of about 1430 (the reference GWP of CO2 is 1). Therefore, a lot of research has gone into2254

looking for possible replacements. Among the possibilities, HFO-1234ze (1,3,3,3-tetrafluoropropene,2255

C3H2F4) with a GWP of 6 is one of the most popular candidates, and tests of gas mixtures based on it are2256

ongoing. Another reasonable approach is to reduce gas consumption or recycle gas. The CSR external2257

target experiment (CEE) in Lanzhou, China, will adopt a sealed technology of MRPC to construct the2258

TOF system. The MRPC detector, shown in Figure 7.2, is sealed by gluing an integral 3D-printed2259

frame and the outermost electrodes together. It can operate stably with a gas flux of 4 ml/min, which is2260

extremely low, compared to when MRPCs are placed in a sealed box.2261

Figure 7.2: Schematic view of self-sealed MRPC [33].

3.1 Prototype test results2262

Two sealed MRPC prototypes have been assembled for the testing performance. They were different in2263

number of strips (32 and 16), while the same in geometry parameters: 10 gas gaps of 0.25 mm thickness,2264

48 ⇥ 1.5 cm2 strip size, and 0.2 cm gap between strips. Working (sensitive) area 5 cm width was splited2265

to a 4-strip interval and signals are readout from a connector located at both end of strips. Under cosmic2266

Schematic view of  sealed MRPC 
(B.Wang et al, JINST 15 (2020) 08, C08022)



Serial gas connection of  MRPCs in a single supermodule

Sealed MRPC proposed for CBM-TOF

Sealed MRPC for SPD-TOF

gas input
gas output
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TOF в MPD
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Внешний слой камер (8 супермодулей)

Внутренний слой камер (8 супермодулей)

Лоток для электроники

Лоток не используется

Бочка TOF SPD

• Детектор собирается из 16 супермодулей:  
8 внутренних и 8 внешних

• Вес камер супермодуля:  9×20кг=180кг
• Супермодули крепятся за фланцы 
силового каркаса

• Электроника устанавливается только в 
лотке внутреннего супермодуля 

• Требуется водяное охлаждение

Силовой каркас
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Монтаж внутренних камер

Супермодули крепятся за фланцы

Не будет доступа к внутренним камерам

Есть доступ к электронике снаружи бочки
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Монтаж внешних камер
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Монтаж TOF по аналогии с магнитом
(не зависит от наличия ECal)

1 2

3 4
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Направление коммуникаций 
наружу
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TOF Endcap scheme 15.03.2023TOF Chamder Endcap
48 strips
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• Как соеденить все 16 камер в одну конструкцию?
• Где расположить электронику?
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