
The 3rd Test Beam Experiment @ELPH in Tohoku Univ.

List of Events 
• Jul/30/2021 Proposal submission

• Aug/3/2021 Interview

• Sep/2/2021 Approval


Beam Time Candidates: 
• Nov/15/2021 - 19

• Dec/  7/2021 - 10 : Beam Time!!! 
• Jan/25/2021 - 28 : we assigned tentatively

G. Nukazuka (RBRC)

370 km North

from Tokyo

840 km North East

from Nara

Genki physically join the experiment, i.e. he’ll travel to Japan for a month due 
to self-quarantine of 2 weeks when entering Japan.



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].

Light Guide

 R4125GMOD

H6410

Plastic
Scintillator

PS1 (DPO-4104 CH 1)

BSO crystal

 R4125GMOD

Light Guide

e+

PS2 (DPO-4104 CH 2)

BSO (DPO-4104 CH 3)

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.
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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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curve is a fitted function with Eq. (10).

T. Ishikawa et al. / Nuclear Instruments and Methods in Physics Research A 694 (2012) 348–360 353

Current for the magnet (A)El
ec

tro
n 

be
am

 e
ne

rg
y 

(M
eV

)

Electron beam energy (MeV)

En
er

gy
 re

so
lu

tio
n 

(%
)

Gamma-ray energy (MeV)El
ec

tro
n 

be
am

 in
te

ns
ity

 w
ith

 
re

sp
ec

t t
o 

th
e 

ga
m

m
a-

ra
y 

‘s

Beam line
Energy Range

(Rint Energy: 

1.3 GeV)
# of Bins Intensity Duty

BST-Tagger-I 0.8 ~ 1.26 
GeV 160 TBC ~60% (NKS2)

BST-Tagger-II 0.9 ~ 1.25 
GeV 116 TBC ~50% 

(FOREST)

Electron test beam Tagged gamma-ray beam

HomePage

https://www.lns.tohoku.ac.jp/en/about/
https://www.lns.tohoku.ac.jp/en/about/


Tentative Member

RIKEN, RBRC

• Staff: Genki, Akiba, and Nakagawa


NWU

• Staff: T. Hachiya, Maya

• Master students: Mika, Miu, Yumika, and Runa

• Bachelor students:  Yuka, Mai, and Misaki, 


Rikkyo Univ.

• Master student: Hikaru

• Bachelor students: Genta, Yusuke


JAEA

• Staff: Shoichi

https://www.mofa.go.jp/mofaj/ca/fna/page4_005130.html
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foreign nationals who have stayed in any of the following 159 countries/regions 
within 14 days prior to the application for landing are denied to enter Japan 

unless special exceptional circumstances are found

As visa exemption measures with the countries and regions listed below are 
temporarily suspended, those who fall under the measures are required to obtain 
visas before visiting Japan.

It’s not easy to come to Japan for foreign people!



Priority Hardware/
Software Timing Details Assigned 

Person

Darkbox must Hardware right now~ Mandatory ？
Multiple ladder 

operation must Hardware Sep It must be tested right now. 2(3) are possible at RIKEN(NWU) Students at 
NWU and Rikkyo

testbench DAQ + 
CAMAC high Hardware Sep~Nov Maintenance and optimization are needed. Genki, Yumika

Migration to 
Windows10 (1) high Both Sep

The testbench will be operated remotely. So it should be done 
with Windows10.

Already started.

Genki, Hikaru, 
Itaru

Migration to 
Windows10 (2) high Both Oct test bench DAQ + CAMAC should be run on Win10. Hikaru, Yumika

Analysis preparation mid Software Oct~Dec
Preparations, modifications, and optimizations for the checking 
macro, GUI, and calculation of the detection efficiency should be 
done in advance.

Genki, Miu

Geant4 simulation mid Software Sep~ If it’s done before the experiment… ?

Bias cables low Hardware Sep They should be tested. The adaptors for them should be checked. Anybody at 
RIKEN and NWU

Cooling for the 
ladders and the ROC low Hardware Nov Air cooling should be enough probably. Rikkyo students

Cables production low Hardware Some spare cables are needed. Rikkyo students

Data sharing low Software Nov Data should be shared among us in real time. Young students

To Do List before the Experiment

Local people will work for hardware tasks.

Some volunteers are really welcomed for software tasks.



The dark box
No drawing of the dark box for the 2nd text beam experiment is 
available.

No drawing of the dark box for the 3rd text beam experiment (2020) 
is available.

→ We need to start from scratch.

Wei ang Hang-Sheng agreed to help making a drawing.

Genki is summarizing ideas and requirements for the box.

• ラダーの温度は監視する？

The dark box used in 2019.

Requirement

• Dimensions in mm

• 3 or 4 full ladders can be fixed

• the fixed ladders are aligned along the beam axis

• the fixed ladders can be shaded


• HDIs on a side can be accessed without opening the box

• although full ladders are fixed, only the access to half ladders on a single side is enough


• Beam entrance windows (both upstream and the downstream) are needed

• if a black curtain covers the fixture for shading, the windows can be just holes

• if the shading is achieved by closing the fixture, thin foil or tape should be attached on the windows


• The vertical position of the fixture can be adjusted easily about +/- 5 cm. The position should 
be fixed.


• The tilt of the fixture (around the beam-axis, and the horizontal-axis) can be adjusted. The 
position should be fixed.


• No need to consider water cooling 

• Should we monitor the temperature of the ladders?



The idea of the fixture for the 3rd exp.@ELPH
Basically, the same structure as 2019’s is fine. 
Aluminum frames form the outer frame.  
Metal plates are fixed on the outside of the frame as walls. 
4 Rods go through the holes on the ladder’s frame for fixation. Spacers are put 
between ladders. The rods are fixed to the upstream wall.



Geant4 simulation

from Cheng-Wei

Cheng-Wei provided his codes. He also join this task. Discussion already started by e-mail. One more volunteer is welcomed.


What to do

• Effect of multiple scattering by materials in the upstream to sensors in the downstream.

• Energy deposit study: inconsistency found in the results from the 2nd test beam experiment and a simulation

• Test of tracking algorithms and detection efficiency calculation




Schedule
2021後期ビームタイム 加速器メンテナンス A部運転 第二実験室(NKS) 同時運転不可 本体室 2021/9/1 更新

1 金 1 月 1 水 1 土 1 火 1 火

2 土 2 火 2 木 2 日 2 水 2 水

3 日 3 水 3 金 3 月 3 木 3 木

4 月 4 木 4 土 4 火 4 金 4 金

5 火 5 金 5 日 5 水 5 土 5 土

6 水 6 土 6 月 6 木 6 日 6 日

7 木 7 日 7 火 7 金 7 月 7 月

8 金 8 月 8 水 8 土 8 火 8 火

9 土 9 火 9 木 9 日 9 水 9 水

10 日 10 水 10 金 10 月 10 木 10 木

11 月 11 木 11 土 11 火 11 金 11 金

12 火 12 金 12 日 12 水 12 土 12 土

13 水 13 土 13 月 13 木 13 日 13 日

14 木 14 日 14 火 14 金 14 月 14 月

15 金 15 月 15 水 15 土 15 火 15 火

16 土 16 火 16 木 16 日 16 水 16 水

17 日 17 水 17 金 17 月 17 木 17 木

18 月 18 木 18 土 18 火 18 金 18 金

19 火 19 金 19 日 19 水 19 土 19 土

20 水 20 土 20 月 20 木 20 日 20 日

21 木 21 日 21 火 21 金 21 月 21 月

22 金 22 月 22 水 22 土 22 火 22 火

23 土 23 火 23 木 23 日 23 水 23 水

24 日 24 水 24 金 24 月 24 木 24 木

25 月 25 木 25 土 25 火 25 金 25 金

26 火 26 金 26 日 26 水 26 土 26 土

27 水 27 土 27 月 27 木 27 日 27 日

28 木 28 日 28 火 28 金 28 月 28 月

29 金 29 月 29 水 29 土 1 火 29 火

30 土 30 火 30 木 30 日 2 水 30 水

31 日 1 水 31 金 31 月 3 木 31 木
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