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Purpose
Determination of the detection efficiency 

Past beam experiments showed 96% efficiency. But it must be almost 100%.

Mismatch of the BCO phase and beam can explain the reason.

We are ready to take the external trigger information and BCO phase with the CAMAC system.

Cosmic-ray measurements with the CAMAC system showed 98% efficiency. More improvements are not easy since statistics 
are limited, optimization of the geometry is so delicate.

→We need test beam measurements with the CAMAC system to proof ~100% efficiency 

Beam measurements with the production ladders 
We need to see performance of the production ladder with a beam.


Beam measurements with the latest bus extenders and the co-axial conversion cables 
The design of the bus extender was finalized. We will get the co-axial conversion cable some moths later. So they should be 
tested with a beam.
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2.5. Temperature dependence of light outputs

The temperature dependence of light outputs was measured
for a 17.3 mm BSO cube by using 661.7 keV g rays from 137Cs.
Employing a small crystal, we can save time in cooling the crystal
sufficiently and get better internal temperature uniformity in the
crystal. The BSO cube was wrapped with Tyvek 1082D paper and
cooled by a refrigerator AS-ONE LTB-250 through copper blocks
and plates as illustrated in Fig. 8. One unwrapped side of the cube
was coupled to a PMT, H6410, with OKEN6262A. Temperatures on
the BSO surface and the PMT window were monitored with
copper-constantan (T-type) thermocouples. A flow of dry air
was provided to avoid water vapor on the BSO surface.

The signal from the PMT was integrated over an ADC gate of
2:0 ms in this measurement. The light output was given with the
position of the pedestal-subtracted photoelectric peak in the same
way described in Section 2.1. It took about one hour that the
temperature of the BSO crystal reached the setpoint of the refrig-
erator and got stable within 70:2 K. The position of the photo-
electric peak was recorded after the peak position became stable
within 75 channel. The mean and width of the measured photo-
electric peak were 750.870.3 and 78.870.3 channel at room
temperature (293.4 K). And they changed to 1310.970.4 and
110.170.4 channel at 258.0 K. Fig. 9 shows the relative light output
as a function of temperature. The light output becomes larger as
temperature decreases. The ratio of the light output at 258.0 K to
that at 293.4 K is 1.75. The overall temperature gradient of light
outputs is found to be !1.57%/K by fitting an exponential function

to the data of light output ratios. The obtained temperature gradient
includes the effect of the temperature-dependent quantum effi-
ciency in bialkali photocathodes ("!0:4%=K [14]).

3. Beam test of a prototype BSO calorimeter

Beam tests were performed for a prototype calorimeter con-
sisting of four identical BSO crystals, 40#40#210 mm3 in size,
at the positron/electron beamline in ELPH. In this section, the
test results in response to a positron beam are presented and
compared to those obtained with a BGO calorimeter in the same
geometry.

3.1. Positron/electron beamline at ELPH

The positron/electron beamline is placed at GeV g Experimen-
tal Hall, where meson photoproduction experiments [15] have
been conducted by utilizing a photon beam and an electromag-
netic calorimeter, FOREST [16]. In order to get a positron/electron
beam having a certain energy out of the photon beam, we make
use of a dipole magnet, RTAGX [17], which is placed upstream of
FOREST to sweep out undesirable charged particles in the photon
beam. The beamline consists of a converter, RTAGX, and lead
collimators as depicted in Fig. 10. A piece of gold foil, one of the
converters, with a thickness of 20 mm is located 878 mm upstream
from the pole center of RTAGX. We employ a 100 mm thick lead
block collimator having an aperture of 20 mm in diameter just
behind the converter. Another collimator with the same shape is
situated 2445 mm downstream at !301 with respect to the direc-
tion of the incident photon beam. A vacuum chamber and a vacuum
pipe are placed between the collimators to reduce the effect of
multiple scattering of positrons/electrons in the air. A 50 mm thick
Mylar sheet is used for each vacuum window of the vacuum
chamber and pipe.

The beam spot at 5 m downstream from the exit aperture is
about 40 mmf. The energy and the energy resolution of the
positron/electron beam are estimated for a given RTAGX current
by a simulation code based on GEANT3 [18] with the magnetic field
map of RTAGX and the incident photon beam profile [19]. Fig. 11
shows the estimated beam energy as a function of the RTAGX
current and the energy resolution for the beam incident on the
central 5#5 mm2 square at 5 m downstream of the exit aperture.

The selection of the positron or electron beam can be made
easily by changing the polarity of the RTAGX current. In the
present configuration of the beamline, the beam energy is limited
to about 800 MeV. Fig. 12 shows the relative intensity of the
positron/electron beam normalized to the intensity of the incident
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Fig. 8. Experimental setup for the measurement of the temperature dependence
of light outputs. Four sides of the BSO cube are surrounded with cooled copper
blocks and 1 mm thick plates.
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Fig. 9. Measured relative light output as a function of BSO temperature (the light
output at 19 1C is normalized to be 1). The solid line shows the fitted exponential
function.
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Fig. 10. Schematic view of the positron/electron beamline for testing detectors.
The beamline comprises a converter, a dipole RTAGX, and an entrance and an exit
lead collimators with an aperture of 20 mm in diameter. Electrons or positrons
passing through the apertures are used as a beam.
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photon beam. The typical beam intensity is 2.5 kHz for the energies
higher than 400 MeV. A high intensity positron/electron beam of
about 1 MHz is available and has actually been utilized in an
experiment for a study of detectors to be used in a high counting
rate environment at J-PARC [20].

3.2. Waveform of light outputs for positrons

The waveform of BSO light outputs was acquired by employing
a digital phosphor oscilloscope, Tektronix DPO-4104, with a
sampling frequency of 5 GHz. One of the 40!40!210 mm3 BSO
crystals was looked into. It was connected to PMT H6410 with
optical grease OKEN6262A, and wrapped with Tyvek 1082D paper.
The output signal was directly input to DPO-4104. Fig. 13 shows the
experimental setup for the waveform acquisition. To define the
incident position and timing of positrons, a 3 mm thick plastic
scintillator (PS) with an area of 10!10 mm2 was placed in front
of the BSO crystal. Two sides of PS were connected to PMT’s
R4125GMOD through acrylic light guides. The signals from PS
(PS1 and PS2) were also directly input to DPO-4104.

The trigger signal for the waveform acquisition was generated
when the pulse height of the PS1 signal reached a threshold voltage
of "300 mV. The waveforms of PS1, PS2, and BSO signals were
acquired on an event by event basis for the time from the trigger
signal from "0.2 to 1:8 ms. The RTAGX current was set to be 50,
100, 150, 230, 300, and 400 A, which approximately corresponded to
the energy of 100, 200, 300, 458, 589, and 744 MeV, respectively.
About two thousand waveforms were obtained for each RTAGX
current. The typical waveform acquisition rate was about 0.9 Hz

which was limited by the acquisition speed with DPO-4104. The
ground level was measured with DPO-4104 event by event for the
time interval from "70 to "10 ns. It was subtracted to give the
pulse height. The typical waveforms for PS and BSO are shown in
Figs. 14 and 15, respectively.

The pulse height of PS can be reproduced very well with a
function of timing t
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Fig. 11. Estimated energy and energy-resolution of the positron/electron beam. The left panel shows the mean energy as a function of RTAGX current, and the right gives
the energy-resolution as a function of the beam energy.
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Fig. 12. Beam intensity normalized to the counting rate in the 116th tagging
counter of STB-Tagger II [1].
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Fig. 13. Experimental setup for the waveform acquisition. The 3 mm thick plastic
scintillator with an area of 10!10 mm2 is placed in front of the BSO crystal to
define the position and timing of incident positrons.
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Fig. 14. Typical PS waveform at a positron energy of 589 MeV (PS1). The solid
curve is a fitted function with Eq. (10).
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photon beam. The typical beam intensity is 2.5 kHz for the energies
higher than 400 MeV. A high intensity positron/electron beam of
about 1 MHz is available and has actually been utilized in an
experiment for a study of detectors to be used in a high counting
rate environment at J-PARC [20].

3.2. Waveform of light outputs for positrons

The waveform of BSO light outputs was acquired by employing
a digital phosphor oscilloscope, Tektronix DPO-4104, with a
sampling frequency of 5 GHz. One of the 40!40!210 mm3 BSO
crystals was looked into. It was connected to PMT H6410 with
optical grease OKEN6262A, and wrapped with Tyvek 1082D paper.
The output signal was directly input to DPO-4104. Fig. 13 shows the
experimental setup for the waveform acquisition. To define the
incident position and timing of positrons, a 3 mm thick plastic
scintillator (PS) with an area of 10!10 mm2 was placed in front
of the BSO crystal. Two sides of PS were connected to PMT’s
R4125GMOD through acrylic light guides. The signals from PS
(PS1 and PS2) were also directly input to DPO-4104.

The trigger signal for the waveform acquisition was generated
when the pulse height of the PS1 signal reached a threshold voltage
of "300 mV. The waveforms of PS1, PS2, and BSO signals were
acquired on an event by event basis for the time from the trigger
signal from "0.2 to 1:8 ms. The RTAGX current was set to be 50,
100, 150, 230, 300, and 400 A, which approximately corresponded to
the energy of 100, 200, 300, 458, 589, and 744 MeV, respectively.
About two thousand waveforms were obtained for each RTAGX
current. The typical waveform acquisition rate was about 0.9 Hz

which was limited by the acquisition speed with DPO-4104. The
ground level was measured with DPO-4104 event by event for the
time interval from "70 to "10 ns. It was subtracted to give the
pulse height. The typical waveforms for PS and BSO are shown in
Figs. 14 and 15, respectively.

The pulse height of PS can be reproduced very well with a
function of timing t
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Fig. 11. Estimated energy and energy-resolution of the positron/electron beam. The left panel shows the mean energy as a function of RTAGX current, and the right gives
the energy-resolution as a function of the beam energy.
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Fig. 12. Beam intensity normalized to the counting rate in the 116th tagging
counter of STB-Tagger II [1].
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Fig. 13. Experimental setup for the waveform acquisition. The 3 mm thick plastic
scintillator with an area of 10!10 mm2 is placed in front of the BSO crystal to
define the position and timing of incident positrons.
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Tentative Member

Under current self quarantine policy for people 
from overseas, it’s hard to come. Recently I 
heard the rumor that the policy may be loosen. 
No official statements were made for the 
moment.

Cheng-Wei?

840 km

NWU 
Staff: T. Hachiya

Master std.: Mika, Miu, Yumika, and Runa

Bachelor std.:  Yuka, Mai, and Misaki

RIKEN 
Staff: Yasuyuki, and Itaru 

Rikkyo Univ. 
Master std.: Hikaru

Bachelor std.: Yusuke & Genta

JAEA 
Staff: Shoichi
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Transportation

840 km
NWU

12/1, ~500 km

12/2,

~370 km

@NWU

@RIKEN

@ELPH

RIKEN 
Staff: Yasuyuki, and Itaru 



Schedule
Date Plan

2021/12/1 Baggage departs from NWU ( Driver: Itaru & Takashi)

2021/12/2 Baggage at RIKEN also departs

2021/12/3 Radiation safety course, Lecture on QGP physics by Yasuyuki

2021/12/4 Setup construction

Checking baggage, Carry-in, Testing INTT, Testing trigger scintillators

2021/12/5 Setup construction

Chiller installation, Source measurements, Operating in the external trigger mode,

2021/12/6 Setup construction, Lecture of QGP physics by Takashi

Remote operation, Alignment, Simulating other setups

2021/12/7 Beam 09:00 - 21:00

2021/12/8 Beam 09:00 - 21:00

2021/12/9 Beam 09:00 - 21:00

2021/12/10 Beam 09:00 - 21:00

2021/12/11 Disassembling the setup, packing & transportation (Driver: ??? )

Baggage arrives at RIKEN

2021/12/12 Baggage arrives at NWU



Setup construction
Some larger items were 
moved by a crane.

Ladder insertion in the ground floor.

The ladders and the dark box 
were moved by hand.



Setup construction



Setup construction

The setup rotate by 90° for cosmic ray measurements



Setup construction
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The setup, additional trials
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13.7 degree

Tilted/Rotated setup wrt. the beam

Pb plate

Multiple-track condition

The setup with a bus extender



Web camera monitoring by Genta Nakano (Rikkyo)

TP Link

Tapo C100

~$35

chiller for 
the ladders

The system worked very nicely!



Ladder&ROC temperature monitoring

by Mai Watanabe (NWU)

The system worked very nicely! 
Unfortunately, we saw noise hits correlated to the read-out of the thermometers, 
so we stopped the system at some point…

Investigation is ongoing.

connection 
ports

GPIB


     USB

Graph Measurement point

101 PPB2-L5, 10 mV

102 PPB2-L5, 10 mV

103 PPB2-L6, 10 mV

104 PPB2-L6, 10 mV

105 Taiwan ladder?, 10 mV

106 Taiwan ladder?, 10 mV

107 PPB2-L7?, 10 mV

108 PPB2-L7?, 10 mV

109 ROC U603

110 ROC U8

111 ROC U628 for digital line of the port C3

112 ROC U100 for DATA FPGA column-A

113 ROC U500 for FPGA

114 ROC U622 for the digital line of port A2

115 ROC U300 for the DATA FPGA column-C

116 ROC U620 for the digital line of the port C1



What we obtained
1. the standard INTT data

2. CAMAC data

trigger scintillators’ ADC

vector <int>, [0], …, [3]


trigger scintillators’ TDC and BCO phase

vector <int>, [0], …, [6]???

assignment should be confirmed

3. CAMAC data (trigger data) and associated INTT data



What we obtained

We expected to get, for example:

3. CAMAC data (trigger data) and associated INTT data
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    └── INTT_hit_3
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the beam particle fired trigger

made by

the beam particle fired trigger

made by

the beam particle fired trigger
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made by

the beam particle fired trigger

made by another beam particle

they can be identified with their BCO

i.e. these hits are not associated 
with the trigger
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What we obtained 
̶why it happened?̶
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But actually, we could get
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made by another beam particle
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i.e. these hits are not associated with the 
trigger

another group(s)…

In read_DAQ.exe:
void

AcquireData(std::string ports, std::string pfi, double sampleHz,

            FILE* fp, FILE* fp2, FILE* fp3)

{


/* some lines omitted now */


while( /* int take_data, controlled by GUI */ ) // infinite loop 

{


// CAMAC data were read at first, made by Genki

// software veto wasn’t used 

camac->TakeSingleData();


// INTT data were read with NI’s function

// it takes ~250ms

DAQmxErrCheck(


DAQmxReadDigitalU32(taskHandle, -1, 10.0, DAQmx_Val_GroupByChannel,

	 	 	 	         data, kData_size, &numRead, NULL)

);


/* some processes for INTT data */


// write CAMAC data, and INTT data in the buffer to a file

bytesOut += WriteDataWithExternalTrigger(fp, cnt, data1, camac);


} // end of while loop


} // end of void AcquireData

buffer to store INTT data

completely same hits as ones

in the first BCO group (sometimes BCO+1)

Problem: veto was not perfect  
• The software veto, which kills the circuit until the event process 

ends, was disables somehow (maybe mistaken by me).

• People hired hardware veto, which kills the circuit for up to 20 ms. 

•  Since processes for INTT takes ~250 ms, the hardware veto was 

not long enough. After the end of veto, new INTT data, we don’t 
want, were taken.
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In read_DAQ.exe:
void

AcquireData(std::string ports, std::string pfi, double sampleHz,

            FILE* fp, FILE* fp2, FILE* fp3)

{


/* some lines omitted now */


while( /* int take_data, controlled by GUI */ ) // infinite loop 

{


// CAMAC data were read at first, made by Genki

// software veto wasn’t used 

camac->TakeSingleData();


// INTT data were read with NI’s function

// it takes ~250ms

DAQmxErrCheck(


DAQmxReadDigitalU32(taskHandle, -1, 10.0, DAQmx_Val_GroupByChannel,

	 	 	 	         data, kData_size, &numRead, NULL)

);


/* some processes for INTT data */


// write CAMAC data, and INTT data in the buffer to a file

bytesOut += WriteDataWithExternalTrigger(fp, cnt, data1, camac);


} // end of while loop


} // end of void AcquireData

buffer to store INTT data

completely same hits as ones

in the first BCO group (sometimes BCO+1)

Problem: veto was not perfect  
• The software veto, which kills the circuit until the event process 

ends, was disables somehow (maybe mistaken by me).

• People hired hardware veto, which kills the circuit for up to 20 ms. 

•  Since processes for INTT takes ~250 ms, the hardware veto was 

not long enough. After the end of veto, new INTT data, we don’t 
want, were taken.


What we did 
• We optimized DAQ to speed up. 

It helps little bit, but does not solve the problem.


We made the decision on the 3rd day at midnight that we 
accept the contamination of non-associated INTT hits. We 
can select them in the analysis.



Runs
# Data #INTT hit #Trigger

21 fphx_raw_20211207-0917_0.dat 535284 26346
22 BeamData_20211207-1156_0.dat 3085754 142211

23 BeamData_20211207-1229_0.dat 2929598 136416

24 BeamData_20211207-1302_0.dat 3311914 173111

25 BeamData_20211207-1337_0.dat 2740585 130045

26 BeamData_20211207-1425_0.dat 1779983 82767

27 BeamData_20211207-1518_0.dat 5189504 309088

28 NWU_fphx_raw_20211207-1625_0.dat 3332741 173418

30 BeamData_20211207-1912_0.dat 8186349 405946

31 BeamData_20211208-1602_0.dat 2243559 88967

32 BeamData_20211208-1648_0.dat 464916 19741

33 BeamData_20211209-1101_0.dat 545087 37210

34 BeamData_20211209-1146_0.dat 359512 26182

36 BeamData_20211209-1512_0.dat 120009 5891

37 BeamData_20211209-1531_0.dat 349724 20460

38 BeamData_20211209-1609_0.dat 114674 5732

39 BeamData_20211209-1627_0.dat 28604 1425

40 BeamData_20211209-2145_0.dat 1233498 4483

41 BeamData_20211209-2218_0.dat 1223520 4627

42 BeamData_20211209-2309_0.dat 147664 599

43 BeamData_20211209-2346_0.dat 274100 1140

44 BeamData_20211210-0005_0.dat 729594 3444

45 BeamData_20211210-0029_0.dat 79290 274

46 BeamData_20211210-0031_0.dat 1669 353

47 BeamData_20211210-0035_0.dat 497 1463

48 BeamData_20211210-0045_0.dat 115114 1009

49 BeamData_20211210-0054_0.dat 16254 810

50 BeamData_20211210-0115_0.dat 1059705 6816

51 BeamData_20211210-0206_0.dat 2316824 8596

52 BeamData_20211210-0302_0.dat 957292 3754

54 BeamData_20211210-0427_0.dat 1229306 4727

55 BeamData_20211210-0458_0.dat 1220617 4706

56 BeamData_20211210-0602_0.dat 141477 595

57 BeamData_20211210-0609_0.dat 1198328 4814

58 BeamData_20211210-0642_0.dat 1250164 4917

59 BeamData_20211210-0716_0.dat 1202287 4805

# Data #INTT hit #Trigger

60 BeamData_20211210-0920_0.dat 104300 359

61 BeamData_20211210-0928_0.dat 386293 1283

62 BeamData_20211210-1042_0.dat 44024 164

63 BeamData_20211210-1048_0.dat 340986 1325

64 BeamData_20211210-1125_0.dat 390088 1238

67 BeamData_20211210-1407_0.dat 91110 489

68 BeamData_20211210-1419_0.dat 37298 480

69 BeamData_20211210-1428_0.dat 82742 449

70 BeamData_20211210-1436_0.dat 68195 929

71 BeamData_20211210-1452_0.dat 33684 474

72 BeamData_20211210-1501_0.dat 11801 465

73 BeamData_20211210-1510_0.dat 5563 470

74 BeamData_20211210-1519_0.dat 3421 516

75 BeamData_20211210-1526_0.dat 376088 464

76 BeamData_20211210-1534_0.dat 108592 461

77 BeamData_20211210-1541_0.dat 106565 499

78 BeamData_20211210-1549_0.dat 80235 454

79 BeamData_20211210-1603_0.dat 1995373 530

80 BeamData_20211210-1615_0.dat 105941 445

81 BeamData_20211210-1621_0.dat 106152 474

82 BeamData_20211210-1641_0.dat 109872 492

83 BeamData_20211210-1649_0.dat 101412 511

84 BeamData_20211210-1656_0.dat 87753 592

85 BeamData_20211210-1702_0.dat 39316 579

List of runs is here

https://docs.google.com/spreadsheets/d/1XZ7cTRjl9ra9Fn2CyHDyzguJkPW6anMDin0mukZS7D0/edit?usp=sharing
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Data taking condition depends on runs:

- #trigger sci.

- self trigger mode or external trigger mode

- before/after DAQ optimization

simple noise cuts applied:

(module==1 || module==6 || module==5) 

(-1<chan_id && chan_id<128)

(0<chip_id && chip_id<27)

!(module==6 && chip_id==14 && chan_id==0)

!(module==5 && chip_id==19 && chan_id==119)

!(module==5 && chip_id==4 && chan_id==0)



Analysis
Detection efficiency 

• Genki

• Miu (as a part of her Master thesis)

• Cheng-Wei


ADC distribution (perpendicular beam, tilted beam) 
• Yuka (bachelor thesis)

• Genta (bachelor thesis)


Comparison with/without bus extender 
• ?


Multiple-track condition (Pb plate in front of the setup) 
• ?


DAC scan 
• ?


Some service tasks 
• Implementation of the Geant4 simulation

• Implementation of useful framework(s) (Genki)


There are some more topics: 
‣ charge diffusion between strips (same as ADC dist.?)

‣ acceptance edge effects

‣ track angle dependence

‣ more topics?

Volunteers

Are


Needed!



Links

Google Drive

├── analysis

├── data

├── data_MC

├── documents

│   └── log_note

│        ├── run list

│        ├── run condition

│        ├── log_note_ELPH

│        ├── log_note_NWU

│        └── log_note_RIKEN

└── pictures

• Video1

• Video2

https://drive.google.com/drive/folders/1cFVqVGzX2JNXZnlncByWoqG61pm5ji42?usp=sharing
https://drive.google.com/drive/folders/1p8mPqi8WNISf8_FZ1YWar-f6DLSeKRde?usp=sharing
https://drive.google.com/drive/folders/1zw6UJblUDsmf0Of6kbE9lKRI_7yhYaAY?usp=sharing
https://drive.google.com/drive/folders/1Gk7_pGwZrtzXbpE4zJHoKPZZChIoOVB8?usp=sharing
https://docs.google.com/spreadsheets/d/1XZ7cTRjl9ra9Fn2CyHDyzguJkPW6anMDin0mukZS7D0/edit?usp=sharing
https://docs.google.com/document/d/1m-hrVRhi2o2VzA2zzFCdaDTRXIwtpWYWX2o0yOBav7I/edit?usp=sharing
https://drive.google.com/drive/folders/1_DKxsBz7ehSe2BxP1rNKW_gnXobSmiWF?usp=sharing
https://youtu.be/zH9yXfhofNY
https://youtu.be/yImG0yak2kk


Thank you!
why�don’t�you�analyze�data?

Takatsugu Ishikawa,

manager from ELPH

Masato Tsuruta,

ex-collaborator


