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widely used in HEP and nuclear physics experiments

= The detectors for future experiments require higher
rate capabilities as well as timing precision

= As an example the Compressed Baryonic Matter
(CBM) experiment is planned to operate at the
Facility for Antiproton and lon Research (FAIR) to
study nucleus-nucleus collisions

= For the CBM's Time of Flight (TOF) system: MRPCs

will work at particle fluxes ~ 1-10 kHz/cm? for outer
region & ~10-25 kHz/cm? for the cenfral region
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s the rate ility is a key factor for the MRF

= Befter time resolution under high flux will also allow
particle identification with TOF fechnigues to be
performed at higher momenta

= Thus there is an urgent need for MRPCs which can
work at a higher incident flux of particles and
operate reliable with a time resolution ~ 20 ps for
through-going particles

i i i A S
Cecilia Uribe Estrada , DPyC-2020 2



= Lower resistivity materials improve the rate
capability of MRPCs

= However low-resistivity material is often thicker

(>0./mm) than commercial soda-lime float glass
(down to 0.28mm)

= Thicker material =»increases material budget=>

Imposes a limit fo the # of gaps =>Time precision
more challenging
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. Additionally we want to maintain the feasibility of
building a large area detector, fogether with low

cost, ease of construction, with a minimum
material budget.
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= Glass panes with an area of more than 1 m? and
a thickness of 400 um are available

= The surface quality of the rough material is
excellent and it does not need additiondl
polishing

= The mechanical strength of the pane allows
a robust detector assembling procedure
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are qssembled qf CERN qnd a test of a 6-gap MRPC at
the PS T10 shows an efficiency of 90 % at 90 kHz/cm?

» To consolidate the results a 10-gap MRPC has been
built at CERN and fested at the high-rate electron
accelerator ELBE@H/ZDR for fluxes up to 200 kHz/cm?

» A dedicated bulk resistivity measurement system at
HZ/DR has been used fo characterize the long ferm
behavior of the new low-resistive float-glass

i i i A S
Cecilia Uribe Estrada , DPyC-2020 6



RESISTIVE VOLTAGE LAYER 5 MCQ/SQUARE

FISHING LINE (0.16 mm diameter)
\ 1x1 cm PICKUP PAD

MYLAR (0.16 mm)

HONEYCOMB - Aramid fibre (10 mm)

HONEYCOMB - Aramid fibre (10 mm)

//////A PRINTED CIRCUIT BOARD (1.6 mm)

MYLAR (0.16 mm)

LOW RESISTIVITY
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»The active .oreo of the MRPC is 5 cm x
6 cm which is covered by the beam
Spof.

MRPC:

Gas-gaps: 10 per 160 um : ' : :
Floating electrodes: 9 per 400 um

Read-out pads: 2x (4x4) per 1x1 cm? read-out pads .
HV-electrode areaq: S5x6 cm?

Gas-mixture: C2H2F4(95%), SFé (5%)

Gas-flow: 30 ml/min
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The radiation source ELBE (Electron Linac for beams with high Brilliaonce and low Emittance)
delivers multiple secondary beams, both electromagnetic radiation and particles.

optical laboratories
3
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control

100TW laser

single electrons -

electron energy  30MeV (12 - 40 MeV) . SN ‘ - o
pulse repetition freq. 13.7 MHz/2" ¢ - R
pulse duration 5ps e —

aver. beam current 10-'7-103A " &

RF-reference time jitter 35 ps '
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ELBE electron source gate potential / V Scintikator position /mm

rep. rate 1Hz - IMHz spot size 210 cm?
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Hodoscope

S4

Detector Setup Top View

The MRPC is placed in a set of
scinfillators. The singals from the MRPC
and PMTs are fed to the DAQ system.

Scintillation-counters:

Beam-spot: S5 (@D 9 mm)
Beam-rate: S25 and S24 (4x4 cm?)
Trigger: S1S2 and S354 (2x2 cm?)
Trigger: S6 (4x4 cm?)

Pad definition: S7 (1x1 cm?)
Hodoscope: 16 fibers (2x2 mm?)
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Hodoscope

S4

Detector Setup Top View

MRPC differential signals —
— NINO ASIC discriminator —
— LVDS-to-NIM converter —

— WaveCatcher T,sp-, TOT, Nyrpc

— RF&S15285384 Ni oo, Trer

Efficiency
e = Tofal MRPC hits/Total Valid Events

Efficiency

€= NM RPC/NTrigger
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Time resolution
FWHM(Full Width at Half Maximum)=

2s5qrt(2In2) 0 =23548 o

Time resolution
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Unree = 19.2 kV; beam-flux 2kH/cm?
RF reference time jitter

\/(50.4 s) ~(35ps) =((360.8) ps

Entries 12452
Constant 789

%5.273
Sigma 50.43
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—400 —300 —200 -100 O 100 200 300 400
Time ,zpc - Time g (PS)
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Time resolution vs. Flux

pad MRPC

ime resolution (ps)

L

50 ps @ < 100 kHz/cm? —_

Time resolution vs. HV AR RN

102
Flux (kHz/cm?)

pad MRPC
beam-flux 2 kHz/cm?

Time resolution (ps)

Cecilia Uribe Estrada , DPyC-2020



« Single electron cw beam 30 MeV
* RF time-jitter 35 ps
« Beam-spotsize 2 10 cm? — Read-out pad size = 16 cm?

10-gap MRPC
Efficiency (g) 7% 7% 5%
Time resolution (o) 36ps 50ps 60ps

* No long-term MRPC exposure during this beam-time — accumulated
charge in the glass electrodes < 10 mC

« The resistivity studies of this MRPC are included in the related article:
Nuclear Inst. And Methods in Physics Research, A 959 (2020) 163483
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ARTICLE INFO ABSTRACT

Keywards. Multigap Resistive Plate Chambers (MRPCs) are often used as time-of-flight (TOF) detectars for high-energy

. Mukigap resistive plate chamber physics and nuclear experiments thanks to their excellent time accuracy. For the Compressed Baryanic Matter
r Low resistivity glass (CBM) TOF system, MRPCs are required to work at particle fluxes on the order of 1-10kHz/cm? for the
O C I O ’ gff;:’t;"""y outer region and 10-25kHz/cn® for the central region. Better time resolution will allow particle identification

with TOF techniques to be performed at higher momenta. From our previous studies, a time resolution of
25ps has been obtained with a 20-gap MRPC of 140 um gap size with enhanced rate capability. By using a
new type of available thin I istivity glass, further MRPC rate capability is
possible. In order to study the rate capability of the 10-gap MRPC built with this new low-resistivity glass,
we have performed tests using the continuous electron beam at ELBE. This 10-gap MRPC, with 160 pm gaps,
reaches 97% efficiency at 19.2kV and a time resolution of 36ps at particle fluxes near 2kHz/cm?. At a flux of
100kHz/cn, the efficiency is still above 95% and a time resolution of 50ps is obtained, which would fulfil
the requirement of CBM TOF system.

R. Greifenhagen, R. Kotte, L.
Naumann, K. Rdmer, D. Stach

1. Introduction Building an MRPC with a time resolution better than 20 ps while
maintaining high efficiency is possible, as reported in [6]. Our R&D
The excellent timing performance of Multigap Resistive Plate Cham- 02l is to design and build an MRPC with similar performance, while
bers (MRPCs) makes them widely used in high energy and nuclear  operated with a high flux of particles. Additionally we want to maintain
physics experiments [1-3]. The detectors for future experiments require  the feasibility of building a large area detector, together with low cost,
higher rate capabilities as well as timing precision. As an example, the €2 of construction, with a minimum material budget. Starting from
Compressed Baryonic Matter (CBM) experiment is planned to operate  thedesign presentad in (7], time resolution of 25 ps has been obtained
at the Facilty for Antiproton and Ion Research (FAIR) o study nucleus-  ith 20-83P MRPC with a 140 ym gap sze [€]. -
nucleus collisions [4]. For the Time of flight (TOF) system of CBM A fundamental parameter for MRPCs is the rate capability. Lower
experiment, MRPCs will be required to work at icle fluxes on the resistivity materials have been shown to improve the rate capability of
order of 1-10 ki /am? for the outer region and 10-25 kHz/cnr”forthe PGS 4 0l Howerer: Lo resistiviy :‘;;’(’“'l;"(f‘;‘r“,‘af:;";
central region [5). Thus the rate capability isa key factor forthe MRPCs 0" TP 0L S hicher olatos inreases the material budact and
used at the CBM experiment. Better time resolution under high flux will 1 e ieal L o the moben of  reducg
also allow particle identification with TOF techniques to be performed e beratnes pmm"h imit to the numl ke ing o
2 " i
at higher momenta. Thus there is an urgent need for MRPCs which can g o ;:;ki;sfﬁ(:ﬂve'omh':inedg‘l‘ijf:”mfusgﬁas ::,;:2?
work at a higher incident flux of particles and operate reliably witha i, .4 mm thickness, which are commerdially available. It should be
time resolution approaching 20 ps for through-going particles. noted that this glass is manufactured by industry using standard high
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