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We have developed prototype RPCs for the LEPS2 experiment at SPring-8 in Japan. At LEPS2,
RPCs will be used as TOF detectors. The goal is to achieve a time resolution of 50 ps with a
readout pad larger than 50 cm? / channel. We made several prototypes and performed beam test
at LEPS. A time resolution of 60 ps was obtained with 2.5 cm x 40 cm readout pad.
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1. Introduction

The construction of LEPS2 (Laser Electron Photon experiment at SPring-8), a new
beamline for hadron photo-production experiments, has started at SPring-8 in Japan. The photon
beam is produced by backward Compton scattering (BCS) of laser photons with 8 GeV
electrons circulating in SPring-8 storage ring. The energy range of photon beamis 1.5 - 3.0 GeV.
Hyperons and vector mesons are produced by the photo-production. The LEPS experiment has
reported various interesting data whereas the detection area was limited to forward angle [1,2].
The new LEPS2 detectors will cover almost 4z solid angle. Moreover, the beam intensity will
be 10'/s, which is one order of magnitude larger than LEPS.

In Fig. 1, a schematic drawing of LEPS2 detectors is shown. The solenoid magnet was
moved from Brookhaven National Laboratory in the U.S., which was used for AGS E787/E949
experiment. RPCs will cover a barrel region of 5 m® in the magnet. The flight length from the
target is 1.0 - 1.7 m. In order to separate kaons from pions up to 1.1 GeV/c with time-of-flight
(TOF) measurement, 50 ps TOF time resolution is required. Another important requirement is
the number of channels. In order to reduce the number of channels to be less than 1000, the
readout area covered by one channel should be larger than 50 cm?. An efficiency better than
99% is also required as RPCs will be used as trigger. Since the particles which arrive at the
barrel part are mostly hadrons and the production rate of hadrons with y—rays is quite low, a
high rate capability is not required for our RPCs and the rate capability up to 1 Hz/cm? is
sufficient.

2. Prototype RPC

We developed various types of RPCs with different gap width, number of stacks and
readout pad size. The size of glass was 10 cm x 50 cm and the thickness was 400 pm. A
schematic drawing of the cross section of our typical RPC is shown in Fig. 2. Double-sided
adhesive carbon tapes were used for electrodes. The surface resistivity of carbon tape was 500
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Fig. 2. Schematic drawing of a prototype RPC.
Fig. 1. Schematic drawing of LEPS2 detector.  The anode readout is connected to the amplifier
RPCs cover a barrel reagion. The radius of the  and the cathode readout is connected to ground.

barrel is 0.9 m. )
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Fig. 3. Experimental set-up of beam test at LEPS. The y—rays are converted to electron-positron
pairs. Electrons are bent with a solenoid magnet and hit the RPC.

Q/L1. We used both 35 um thick copper tape and copper paint for readout pad. No difference of
the resolution and the efficiency was observed using 1.5 cm x 5.5 cm small pad. The gap width
was defined by the diameter of fishing line used as a spacer and was 148 um and 260 um. The
number of stacks was one, two and four, and the number of gaps in one stack was defined so
that the total voltage across a stack to be the same; 6 for 148 um and 5 for 260 um gap RPC.
The anode pad was connected to the amplifier and the cathode pad was connected to ground.
The gas mixture was 90 % C,H,F,4, 5 % SF¢ and 5 % is0-C4Hjj.

3. Experimental set up

A beam test was performed at LEPS beamline. The experimental set-up is shown in Fig. 3.
The BCS y-rays were injected to a lead converter and electrons and positrons were produced
with pair-creation. The electrons were bent with a dipole magnet and passed the RPC. The
trigger area was defined with four finger scintillators as 1 x 2 cm?®. We kept trigger rate as 5 —
20 Hz/cm? and this rate satisfied the requirement of LEPS2. We used a PMT amplifier, KN2104
manufactured by Kaizu Works, for signal amplification. The input impedance of the amplifier
was 50 Q. The data acquisition system was based on CAMAC. The TOF of electrons from the
converter to the RPC was measured with a high resolution TDC module with 25 ps time bin,
GNC-040 made by DNomes Design. The charge information was obtained with a Repic RPC-
022 ADC and slewing correction was applied for the time measurement. At LEPS and LEPS2,
the RF signal is used as the start timing of TOF measurement. The RF signal is provided at the
timing of the center of electron bunch in the SPring-8 storage ring. Since the BCS photons flight
at a certain (light) speed, the temporal position of electron which BCS is occurred is conserved.
Therefore, the ambiguity of the timing of the pair creation at the converter is the time difference
between the center of bunch and the electron which BCS was occurred. This time difference
corresponds to the width of the electron bunch and it is 14-18 ps depending on the filling pattern
of the electrons in the storage ring.
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4. Test results

Here we describe the time resolution and the efficiency of prototype RPCs obtained from
beam test. We used a 1.5 cm x 5.5 cm small pad to measure the gap width dependence and the
number of stacks dependence of the time resolution. Then we moved to large readout pads. We
show the pad size and the pad shape dependence of the time resolution. The time resolution
shown here is over all TOF time resolution including the RF, front-end electronics and the RPC.

4.1 Gap width dependence

In Fig. 4, the time resolution and the efficiency of 1.5 cm x 5.5 cm pad of 148-um and 260-
um gap width RPCs is shown. The RPCs were constructed as double stack configuration, and
the total number of gaps was 12 and 10, respectively. The time resolution improved together
with the increase of the efficiency but it becomes worse at higher voltage as the streamers
appeared. Since not only the avalanche charge but also the streamer charge were measured with
the ADC, the slewing correction did not work well at higher voltage. There was no big
difference between 148-um and 260-um gap RPCs and both of them achieved 50 ps time
resolution which satisfies the LEPS2 requirement though the pad was small.

4.2 Number of stacks dependence

We changed the number of stacks of 148-um and 260-um gap RPCs. In Fig. 5, the time
resolution and the efficiency of 1.5 cm x 5.5 cm pad are shown. By increasing number of stacks
from one to two in 260-um gap RPC, the resolution was improved about 10 ps and the
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Fig. 4. The time resolution (up)
and the efficiency (down) of the
148-um and the 260-um gap
RPC as a function of applied
voltage across the gap. There
was no big difference between
two RPCs on the performance.
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Fig. 5. The time resolution and the efficiency of the 260-um
(left) and the 148-um gap RPC (right) in different stack
configuration. The time resolution improved when the
number of stacks is increased.
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efficiency reached better than 99 %. We also changed the number of stacks from two to four in
148-um gap RPCs. The resolution was improved about 5 ps and achieved about 40 ps at the best
voltage value. There was no big difference between efficiencies of two RPCs because the two-
stack RPC already achieved an efficiency better than 99 %.

4.3 Pad shape dependence

4.3.1 Rectangle pad

We tested five different size readout pads on 148-um gap, double stack RPC. The smallest
one was 1.5 cm x 5.5 cm, corresponding to 7000 channels if they are used at LEPS2 experiment
and the largest was 10.0 cm x 7.4 cm, corresponding to 800 channels. Table 1 shows the
resolution and the efficiency of each readout pad. Both the resolution and the efficiency become
worse with increasing the pad size. We found it was difficult to achieve good resolutions with
‘normal’ rectangle-shaped large pads, then developed strip readout pads.

4.3.2 Strip pad

We developed three types of strip-shape readout pads on 148-um and 260-um gap with
double stack configuration. The size of pad was 2.5 cm x 20 cm, 1.5 cm x 40 cm and 2.5 cm x
40 cm. We measured signals from both ends and averaged the timing. Table 2 shows the test
results. During the measurement, the trigger position was set to be the center of the pads. The
time resolutions were almost the same value for all pads. However, the efficiency of 148-um
gap was low and only 260-um gap RPC achieved close to 99 % efficiency. The 2.5 cm x 40 cm
readout pad, corresponding to 1000 channels at LEPS2, achieved 60 ps time resolution. These
results are very close to the LEPS2 requirements.

The position dependence of the time resolution of 2.5 cm x 40 cm readout pad is shown
in Fig. 6. Although there was large position dependence on the resolution in each end, no big
dependence was observed for the mean one. It is considered that the position dependence of the
each readout resolution was resulted by the mismatch of the impedance between the strip
readout and the amplifier. Therefore, it is necessary to develop an amplifier whose input
impedance is matched with that of the strip readout.

Readout Pad Channel at LEPS2 | Resolution Efficiency
1.5cmx5.5cm 7000 50+ 1ps 99.5+0.1%
25cmx 3.7cm 6500 57+1ps 98.8+0.2%
25cmx7.4cm 3000 65 = 3 ps 99.4+0.2%
5.0cm x 7.4 cm 1500 85+ 3ps 97.3+0.3%
10.0cm x 7.4 cm 800 151+ 3 ps 90.0+£0.5%

Table 1. The time resolution and the efficiency in different pad size. Both the
time resolution and the efficiency become worse with increasing the pad size.
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Table 2. The time resolution and the efficiency of strip readout.
There was no big difference of the time resolution in different
readout pad. The efficiency was low for the case of 148-um gap

RPC.
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Fig. 6. The time resolution as a function
of the position along 2.5 cm x 40 cm
strip readout pad. There was no position
dependence with the mean time
resolution while there was large position
dependence with the each end resolution.

5. Discussion

The 2.5 cm x 40 cm readout pad of 260-um gap RPC achieved 60 ps TOF time resolution
and 99 % efficiency. This pad size corresponds to 1000 channels at LEPS2 and these results are
very close to LEPS2 requirements. In order to improve the time resolution, we evaluated the
contribution of each component in the TOF measurement to the time resolution. The effect of
the propagation in the strip readout was obtained to be about 30 ps by subtracting the time
resolution of 1.5 cm x 5.5 cm pad (620pagation = Ocirip — Oamati paa = 60° — 52% = 30%).
The bunch width of electrons in the SPring-8 storage ring, which corresponds to the resolution
of the start timing, was 14 and 15 ps under the two filling pattern during the beam test. The time
resolution of the TDC varied from 17 to 19 ps according to the channel. The effect of the noise
of the cable and the noise of the amplifier, were 10 ps and 15 ps, respectively. The remaining
contributions are the intrinsic time resolution of the RPC and the effect of the timing jitter of the
amplifier and the discriminator. If we assume the resolution of the RPC as 15-25 ps [3], the
effect of the amplifier and the discriminator is obtained to be 25-30 ps. Thus, the propagation in
the strip readout and the timing jitter of the amplifier and the discriminator largely affect on
overall TOF resolution. Therefore, it is important to develop a low-jitter amplifier which has
impedance matched with the strip readout to reduce the two effects.

In the near future, we will develop a 110 cm x 15 cm glass RPC, which is the same size as
the one used at LEPS2 experiment. We will also develop low jitter and low noise amplifiers and
TDCs. We plan to install our RPCs in 2013 and start physics data taking.
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