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In this work we report on the time performance iofjie-gap and double-gap timing Resistive
Plate Chambers (tRPCs) with 10 MeV electron bunchieshe electron accelerator of the
CEA/DAM/DIF (Commissariat a I'énergie atomique, Niry Applications Division, lle de
France) and with 500 MeV '**Xe ions accelerated by the SIS18 synchrotron at GSI
(Helmholtzzentrum fiir Schwerionenforschung). Theasueements with electrons show a clear
dependence of the time resolution with the beaengity, reaching values below 30 83.(On

the other hand, a time resolution of about 45 psbimined for the single-gap tRPCs with the
xenon beam, but it worsens when we increase thet eate above several Hz/ém
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1. Introduction

tRPCs have been proposed for building a time-ghili (ToF) wall for detecting
relativistic heavy ions at the’B (Reactions with Relativistic Radioactive Bejmsperiment at
FAIR (Facility for Antiproton and lon Research) [1h order to identify nuclei around mass
number 150, a time resolution of 50 ps is requifed the ToF wall tRPCs. The full
requirements of this detector are described withendetail in [2]. The time resolution of tRPCs
has been extensively investigated with minimum Zong particles (MIPs), achieving values
below 50 ps even for large area chambers [3]. Hewefieir performance with relativistic ions
is scarcely known. Recently, we have shown thaeffieiency for detecting ions heavier than
alphas is close to 100 % with single and doubleRBRs [4]. In this work we will report on the
time resolution obtained in measurements with ed@dbunches and relativistic heavy ions.

2. RPC prototypes

The measurements here reported were performedtwildifferent prototypes. The first
one consists in small-size symmetric double-gapgXRin which the electrodes are made of four
commercial float glass of 1 mm thickness with selfiesive copper tape disposed as a single
strip of 2 cm width in between the two inner glasaad in the external sides of the stack [4].
The gas gaps are defined by using 300 um thickhsgissg line. High voltages of 85-110
kV/cm are typically applied, while the isobutanedrgas mixture is composed gHzF,; (90 %)
and Sk (10%). The signal readout is done in two stades:one that is next to both strip ends
consists in an own-developed amplifier based on ¢ammmercial chips: the BFR92A 5GHz
wideband transistor and the MAX4224 current amglif600 MHz nominal bandwidth), with a
RC circuit adapting the strip impedance. The seabade is based on the Front-End Electronics
developed for the FOPI £} experiment at GSI, including the TacQuila boast] puilt with
high-resolution Time-to-Amplitude Converter ASICig$, and a QDC board mounted on the
TacQuila card, that provides the signal charge. fitme resolution of the FOPI acquisition
amounts up to 25 ps. In order to carry out thertgrstudies, we have built a detection system
including two identical RPCs. They are placed iasaidyas-tight aluminium box, mounted along
the box bottom with a separation a few centimessrd is shown in the left picture of Fig. 1.
Thin plastic windows are manufactured in the bgx aad bottom in order to reduce the energy
straggling of the ions. During the tests, the d@tacsetup is placed orthogonally to the beam
and the time differences between both tRPCs camsbd to obtain the time resolution as we
will explain in next section.
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Fig. 1: Double-gap (left) and single-gap (rigfiRPIC prototypes descried in this ork.

The second tRPC prototype that we have testedsisdban the single-gap concept. The
structural materials and dimensions are kept flioendouble-gap prototype except that a larger
detection surface has been build to implement &trgps of 40 cm length. The separation
between strips is 2 mm. Another important diffeeie that the gas volume is defined by the
glass electrodes themselves, being their perimmiemletely glued to assure the tightness,
except in two points where special adapters tayieepipes has been designed to keep the gas
flow. Similar electronics have been used for thist@type, replacing the MAXIM chip by the
OPA657 amplifier with a 1.6 GHz bandwidth. Two dimgap RPCs are stacked together in
such a way that the high voltage electrodes armdaeach other and separated by several
centimeters. Therefore, timing between both RPCas @#so be measured with this
configuration.

3. Beam testsand results

The previously described tRPC prototypes have bemted under different beam
conditions in two international facilities: the EASelectron accelerator of CEA/DAM at
Bruyéres-le-Chatel (France) and the heavy ionifp@f GSI at Darmstadt (Germany).

3.1 Test with electron beams

Timing properties of our tRPC were studied, for fingt time, by using an electron beam
in the ELSA facility. Only the double-gap prototypeas available at that time. 10 MeV
monoenergetic electrons were delivered in bunchesf@w ps length. The idea was to simulate
the energy lost by the heavy ions in the RPC bynsmi@h many electron losses in the same spot.
Within this scope, the beam was collimated by usirigad block with a 2 mm diameter hole,
just in front of the detectors. Therefore, a unidRieRC signal was obtained for each electron
bunch, being its charge correlated with the numifeelectrons in the bunch. This can be
modulated by using a polarizer that varies the béaensity in two orders of magnitude.
Unluckily, the beam intensity could not be measudeding the test, but from previous
measuremenents we can estimate a full intensitgboiut 10 electrons per bunch after the
collimator. An accelerator operation mode of 5 Haswised to keep low-rate conditions. In
addition to the twin RPC chamber, a thin plastiantdtator connected to two fast
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photomultipliers provided by the CEA-SOFIA groud {@as placed in front of the RPCs that
give us a high-resolution timing measurement imcioience with the RPCs.

We have measured the time differences betweenRBDs and also between each RPC
and the thin plastic scintillator. The average timeasured at both strip sides is used for
calculating the time difference between detectatsch corresponds to the 10 MeV electrons
ToF. For determining the detector time resolutitve, TOF dispersion can be neglected and the
time difference spread is coming from the contiiutof the detector time resolution. As we
have measured three different ToFs, we can sokestjuation system to obtain the intrinsic
time resolution of each detector. These measurameate been done for different RPC
voltages and beam intensities. The time resolutabtained for the best performing RPC are
shown in Fig. 2 compared to the resolution obtawéh the thin plastic. The measured charge
distributions are very narrow and no slewing cdiogchas been applied in the data analysis.
Moreover, time and charge distributions are quiéart and tail free. Time resolution depends
strongly on the beam intensity, reaching valueSGps for beam intensities of 2 % and below
30 ps for a intensity of 20 %, close to the acdgoisisystem intrinsic resolution. On the other
hand, resolutions hardly change for different RRgh lvoltages, leading to a broad operating
plateau.
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Fig. 2: Time resolutions measured for the secon@ RRhe stack and for the reference
plastic scintillator are represented for differelectron beam intensities. Two different
RPC applied voltages are included to cover a largensity range.

3.2 Test with the uranium beam

The same double-gap tRPC setup was tested at théa@By by using a 1 ABeV ZU
beam. The trigger was provided by the RPCs therasddecause no reference plastic could be
included in the setup due to beam time and spattations. Furthermore, because of the test
conditions, it was difficult to decrease the beamensity below 100 Hz and we only could
measure a few runs with reduced beam rate (seteslof ions per second) and a beam spot of
2 cm diameter. Finally, an important contributidnsoattered particles coming with the beam
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was observed, being suppressed by applying cutseirRPC position distributions obtained
from the time difference between both RPC sidesthé most favourable case, with the RPCs
working at 2800 V, the time distribution width oisted by fitting the ToF was 96 ps which
correspond to a time resolution of 68 ps when amgig that both RPC resolutions are equal.
In this analysis, two slewing corrections were apby using second order polynomials to take
into account the time dependence with the charg®tin detectors.
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Fig. 3: ToF distribution obtained for the doublgagdRPCs with the uranium beam (left
chart) and the time resolution represented intfanof the mean charge value (right chart).
The results obtained for electrons with similansigcharge are plotted for comparison.

3.3 Test with the xenon beam

More recently, the single-gap tRPC prototype watetkat the GSI facility by using a 500
AMeV **Xe beam. This time, better experimental conditiorese achieved: two reference
plastic scintillator in coincidence provided a REBxernal trigger and beam rates as low as 10
Hz were obtained from the synchrotron during langet Therefore, we can study the RPC time
resolution in an extended voltage range. As it d@se in the previous test, the time resolution
is obtained from the ToF between the two RPCs énstiack, considering that both RPCs have
the same intrinsic resolution. Under this assunmptive have obtained, after a preliminary
analysis, values below 50 ps for certain applidthges as it is shown in the left chart of Fig. 4.
Because of the synchrotron operation mode at suldwarate, this was largely fluctuating
between different spills. Luckily, thanks to thdilmation mode of the acquisition system, we
can include the trigger rate in the analysis ardréite effects in the resolution were studied by
splitting the data in two rate intervals. As we aarserve in the second chart of Fig. 4, an
important worsening of the resolution is observéith iWncreasing rates, even for a reduced rate
of several Hz/ct In any case, the time resolution is spoiled faplied voltages beyond 3000
V what could be explained by the increasing couatidn of streamers.
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Fig. 4: Time resolution measured with the singlp-geototype in @*Xe beam for
different RPC high voltages. Time resolution hasrbstudied considering all the statistics
available together (left chart) and then splittingccording to the counting rate (right chart).

4. Conclusions

In this work, the time resolution of double-gap amadgle-gap tRPC prototypes has been
studied by using electron and heavy ion beams.bBth prototypes, we have measured time
resolutions below 50 ps. In the case of electumches, the time resolution improves below 30

ps for the highest beam intensities and the resméiscompatible with ions when we compare

similar signal charges. The best results with iars43 ps, have been obtained for the single-

gap prototype with a very low rat&Xe beam (2 Hz/cR). However, it has been observed that
the rate effects with heavy ions become relevantuath lower rates than for MIPs.
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