
Figure 1: setup of the BGOegg experiment 
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We have developed and installed a time-of-flight system 
to measure the energy of charged particles, especially protons, 
for BGOegg experiment. The design of the chamber was 
based on the RPC chamber for LEPS2 experiment, which we 
have already reported previously in ref.1). 

BGOegg experiment using LEPS2 beamline to study 
hadron photoproductions is currently under operation at 
SPring-8 (Super Photon ring-8 GeV). The main detector is 
the BGOegg calorimeter which made from 1320 ��������� 
crystals assembled in the shape of an egg (fig. 1). The 
BGOegg calorimeter can detect high-energy gamma ray 
coming out from the target in an open angle of 24 to 144 

degrees; an energy resolution of 1.3	%  at 1	���  gamma 
energy was achieved and previously reported at ref 2). 

 
 
 
 
 
 
The RPC is placed 1�.�	� downstream from the target, 

and covers an open-angle of 7� in the horizontal and 4� 
in the vertical. In BGOegg experiment, we are measuring 
the ��  mass modification to study the ���1�  anomaly 
problem using a nuclear target with the BGOegg detector 
system and the LEPS2 high-intensity photon beam. We are 
looking for the presence of the �� meson in its decay to 
��� 	�����  in the nuclear medium. In addition, the 
momentum of a forwardly recoiled proton in the A(�� ��) 
reaction will be measured by the RPC. We use the RF signal 
as the start signal and the RPC signal as the stop signal, the 
time resolution must include the contribution of all 
uncertainty sources such as the amplifier, discriminator, 
RPC, TDC and the time reference RF. 

����� � ���� � ����� � ����� � ����� � ������� � �����  
For the timing measurements, CAEN V1290A TDC 

modules were used. The resolution of the RF signal is 
about	4	��. The electron bunch width in the SPring-8 storage 
ring is ~1�	��. The time resolution of V1290A is �0	��	after 
the integral non linearity corrections. If we assume that the 
internal time resolution of RPC is �0��3), then the remaining 
contributions come from Front-End-Electronics(FEEs)  and 
are considered to be less than	40	��. In total, the resolution of 
our RPC system is expected to be	�0	��. 
During the development, we have produced and tested for 

many aspects of the RPC such as geometry of the pad/strip 
read-out, width of the gap, number of gap and trigger rate. 
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The 	��0	�� � 2 stacks � �  gaps �.� � 100	���	 strip 
read-out with anode inside geometry reached a time 
resolution of �0	��  and an efficiency more than 99% 
above 10 ������1). The coverage area is 3.�	 � 	�	��. 
The wall consists of 32 RPC modules as shown in fig. 2; 2 
rows with 16 modules each. The size of an RPC module is 
116.2 cm (L) × 24.7 cm (W) × 2.7 cm (H). The active area 
of an RPC module is 20.75×100 ��� and the active area 

of each RPC module overlaps about 
0.3 cm with each other in the 
horizontal and 0.5 cm in the vertical. 

The custom FEEs of our RPC 
including the amplifier, discriminator 

and stretcher were developed by Dr. 

M.-L. Chu. A method for the signal 
read-out to reduce the total number of 

TDC and ADC channels by half was applied, and this method 
is shown in fig. 3. 

The special feature of the amplifier is that it is designed to 

minimize the reflection of the signal. The input impedance of 
the amplifier is set to 40	��� and it matches well with the 
impedance of our RPC, 
which is about 30 –
40	���.  The output 
signal of our custom 
discriminator has the 
same width as the 
input. This width is 
very narrow, typically 
around �	��. And this 
width is too narrow to be read by V1290A TDC. Therefore, 
we developed an additional stretcher to be placed after the 
discriminator to stretch the pulse width to 10	�� so that it 
can be read by V1290A TDC. For the timing measurement, 
we use CAEN V1290A TDC modules. For the charge 
measurement, we use LeCroy Fast Encoding and Readout 
ADCs (FERAs). The ADC information is used for 
developing correction parameters and a strip separation 
method. 

BGOegg experiment started acquiring data from April 
2014, and the performance of the RPC is being checked 
against many aspects and the calibrations are under way to 
ensure the reliability of the RPC’s data for physics studies 
in near future. 
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Figure 2: RPC wall 

Figure 3: The sketch of FEEs for RPC

Quality assurance test of pixel detector ladders for VTX
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A silicon vertex tracker (VTX) was installed in the
PHENIX detector at the Relativistic Heavy Ion Col-
lider. The VTX detector consists of two inner layers
of silicon pixel detectors and two outer layers of sili-
con strip detectors. A pixel ladder is composed of a
mechanical stave, four hybrid sensors1), and two read-
out buses. A hybrid sensor is an assembly consisting
of a silicon pixel sensor and four readout chips (AL-
ICE1LHCb2)) bump-bonded to the sensor. One ladder
has 16 readout chips and one readout chip has 8,192
pixels, with a pixel size of 425 µm × 50 µm, organized
in 32 columns and 256 rows.
We fabricated new spare silicon pixel ladders. In

order to ensure correct operation before the assembly
of the VTX detector, quality assurance (QA) test of
the ladders need to be performed. This report presents
the results of the QA test for the ladders.
The QA test system consists of Silicon PIxel Read-

Out (SPIRO) modules, Front-End Module (FEM), and
NOVEC HFE-7200.3) The SPIRO modules provide all
electricity, control the readout chip of the sensor mod-
ule and read out pixel data The FEM is an interface
between the SPIRO modules and the data acquisition
system. NOVEC HFE-7200 was used to cool the read-
out chips. The following tests are performed for each
ladder.

(1) Current consumption:
The current consumption of the analog and dig-
ital circuits of the readout chips are measured.

(2) JTAG functionality:
It is confirmed whether the configuration set-
tings in the chip can be controlled by using Joint
Test Action Group (JTAG4)) protocol.

(3) Minimum threshold:
For all chips, the minimum threshold in all pixels
are determined.

(4) Pulse test:
Pulse test is to check for dead chips and connec-
tions. The test pulse from the pulsar inside the
chip is transmitted to each pixel cell.

(5) Test using a β-ray source (90Sr):
Faulty bump bonds and the maximum efficiency
are evaluated by β-source measurements

The ladder is biased at 10 V during the measurement.
A total of 7 ladders were tested, and correct opera-

tion of all the ladders was confirmed except for one lad-
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Fig. 1. Typical result of a readout chip in the source test.

The horizontal and vertical axes represent pixel position

along the column and row directions, respectively. Low

gray-levels represents a low number of hits.

der. Four chips (one hybrid sensor) of the incorrectly
working ladder did not respond to the tests because of
a short circuit in the readout bus. A typical result of
a readout chip in the source test is shown in Fig. 1.
The inefficient area at the bottom of columns 1, 9, 17,
and 25 is attributed to the presence of the test pulse
signal generator on the readout chips, which affected
the readout circuit.

In summary, QA tests for the seven new assembled
pixel ladders were performed. The results confirmed
that six ladders are working properly and that a part of
one ladder is not functional. One of functional ladders
will be used in the 2015 run.
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