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□ 第一実験室  □ 第二実験室  □ 第三実験室  □ 光源加 器棟

□ GeV ガンマ照射室 □ その他（  ） 
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✔ 高濱瑠菜 奈良女子大学 M1
✔ 並本ゆみか 奈良女子大学 M1
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測定項目 内容 DAQ レー
ト (Hz)

データ数/
run

測定 
点数

収集 
イベント数

単純所要 
時間 (h)

追加時間 
(h)

所要時間見
積もり (h)

動作確認 一番最初にやる 6.0 6.0
ラダー実機テスト 動作確認とほぼ同じ？基本的な測定 1E+03 1E+06 3 3E+06 0.83 2.2 3.0

MIP DAC スキャン、FNAL2019 は 13 種類 
20 種類くらいやる？ 1E+03 1E+06 20 2E+07 5.56 1.4 7.0

conv. cable
Short, long の比較、ラダー実機テストと同じことを繰り替
えす、 
セットアップ変更

1E+03 1E+06 3 3E+06 0.83 1.2 2.0

バスエクステンダ
ーテスト ラダー実機テストと同じことを繰り替えす,セットアップ変更 1E+03 1E+06 3 3E+06 0.83 2.2 3.0

バスエクステンダ
ーで MIP

DAC スキャン、バス無しの結果を確かめれば十分？ 
10 点？ 1E+03 1E+06 10 1E+07 2.78 0.2 3.0

検出効率 日程の最後にやったほうがうまくいきそう 50 1E+06 3 3E+06 16.67 1.3 18.0
ビーム入射位置を
変えた測定

ラダー中心、チップ端っこ（2, 3 点） 
角度も変えてみる？ 1E+03 1E+06 5 5E+06 1.39 2.6 4.0

予備 これ大事 1E+03 2.0 2.0
HVオペレーション 随時 1E+03 0E+00 0.00 0.0

GND GND 条件を色々変えて測定？追加する？CAMAC は？ 1E+03 0.00 0.0

消費電力 随時監視、DAQ PC の web カメラで十分？ 1E+03 0E+00 0.00 0.0
合計 1E+03 1E+06 10 5E+07 28.89 48.0
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日付 1 1 2 2 3 3 4 4 5 5 6 6 7 7
内容 AM PM AM PM AM PM AM PM AM PM AM PM AM PM
荷物確認
実験室下見
ミーティング
セットアップ構築
　　機材搬入
　　架台、装置等の設置場所決
　　ラダー、ROC 設置
　　VME、電源設置
　　NIM、CAMAC 準備
　　トリガーシンチ設置
　　PC セットアップ
　　地上で PC を操作する準備
　　検出器の位置合わせ
キャリブレーション
線源測定
タイミング合わせ
PMT HV, ディスクリ調整、タ
ラダー実機テスト
MIP
conv. cable 変更
conv. cable
バスエクステンダー追加
バスエクステンダーテスト
バスエクステンダーで MIP
検出効率
セットアップ変更
ビーム入射位置を変えた測定
予備
片付け こっちかも？

準備
セットアップ変更
ビームなし測定
ビームあり測定
その他
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INTT フルラダー（３台？、理研・奈良女）

ラダー用架台

ROC（2 台くらい？どれ？）


ROC 用電源（4 台、どこから？）

電源用ケーブル（+ 予備、どこから？）

ROC - FEM, FEM-IB 通信用光ファイバー（+ 予備、どこから？）

BCO distributing ボード

ROC - BCO ボード用ケーブル（+ 予備、蜂谷版？）

冷却ファン


VME クレート（モジュール入れた状態、奈良女）

FEM

FEM-IB

FEM, FEM-IB テストアウトピン用ケーブル（いくつ？、どこか
ら？）

FEM, FEM-IB FPGA 書き込み用ケーブル（どこから？）

NI ケーブル（どこから？）


NIM ビン（実験室の状態そのまま、奈良女）

NIM モジュール（奈良女）

NIM ケーブル（奈良女）


CAMAC クレート

CAMAC モジュール


クレートコントローラー用 PC インターフェース

USB ケーブル

電源ケーブル


DAQ PC（Windows10 がよい、理研？）

マウス

キーボード

Web カメラ

電源ケーブル

ディスプレイ（地下で使う）


実験ノート

カメラ
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大前提：採択されること

2021/8/3 口頭で課題説明

2021/8/4 14:00~ 課題採択委員会で決定


架台の準備（フルラダー 3 つ用？）

複数ラダー同時稼働の準備

複数ラダー同時稼働データ解析の準備


GUI の最適化？

チェック用マクロの最適化

検出効率計算の準備


Geant4 シミュレーション

testbench DAQ + CAMAC の DAQ レート向上（現状は 70 
Hz ほど）

Windows10 でデータ収集ができるようにする

データ共有の準備
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仙台空港
電車とバスを

乗り継いで 30 分
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電子ビーム

制動放射による

光子ビーム 金標的
e-/e+

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

BSO cube
wrapped with
Tyvek paper

Copper Constantan
Thermocouple

Cooled copper block 

Hamamatsu H6410 (PMT)

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.

RTAGX

Au foil

Momentum-analyzed 
electrons or positrons

Bremsstrahlung
photons

Lead collimator
(aperture 20!)

30 deg

!1073

2445

878

100

100
!105105!105

Lead collimatorLead collimator
(aperture 20(aperture 20!)
Lead collimator
(aperture 20!)

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.

T. Ishikawa et al. / Nuclear Instruments and Methods in Physics Research A 694 (2012) 348–360352

NIM A 694 (2012) 348

e-/e+

https://www.sciencedirect.com/science/article/pii/S0168900212009886#!
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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.

0

1

2

3

4

0 200 400 600 800
Incident Energy (MeV)

B
ea

m
 In

te
ns

ity

x 10-3

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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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. 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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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)

テスト用電子ビームの性能 標識化ガンマ線ビームの性能

ビーム強度はビーム取り出し
口に置いて 1.5 - 300 kHz 
（足利、京都大学、 
修士論文、？年）

ホームページより

https://www.lns.tohoku.ac.jp/about/
https://www.lns.tohoku.ac.jp/about/
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ユーザー用の机

ビーム関係、 
実験室からの信号処理用 
NIM モジュール等

※ 実験初日の写真

なんかごちゃごちゃ
物が置いてある

なんかごちゃごちゃ
物が置いてある

ここから地下の
実験室へ

テストする検出器

トリガー

ケーブルを
這わせる棒

e-/e+

e-/e+

e-/e+

回転台

架台

架台 
+木材 
+回転台

ビームの高さは
目線より上

PM11

休憩場所はこっち

入り口



東北大学電子光理学研究セン
ター（ELPH）

コロナ禍では難しいかも？



電子ビーム性能 (2010年度前期まで)
A) 単独運転リナックのパルスビーム (30 MeV 運転以外は要相談)

B) ストレッチャーモード運転 STB リングの擬連続ビーム
   (現在久しく運転を行っていないので要相談)

C) ブースターモード運転 STB リングの蓄積ビーム

代表的な標識化ガンマ線ビームの性質 (Top Energy 1.2 GeV)
Beamline�� � Energy Range�� #Bins� Intensity� � Duty
STB-Tagger I� � 0.8~1.1 GeV� � 50� � 3�106/sec� ~60% (NKS2)
STB-Tagger II�� 0.75~1.15 GeV� 116� � 10�106/sec� ~50% (FOREST)

Beamline�Linac Energy� Modulator� Macropulse� Macropulse� Remarks
� � Energy� � Repetition� Peak Current� Width@Gun�
I� � 30 MeV� � 300 Hz� � ~130 mA�� ~3.5 µs� � Average Current ~120 µA@300Hz
I� � 50 MeV� � 50 Hz� � ~130 mA�� ~3.5 µs� � Average Current ~20 µA@50Hz
II� � 150 MeV�� 50 Hz� � ~60 mA� � ~2 µs� � Average Current ~1.5 µA@50/3 Hz

Beamline�Linac� � Modulator� Ring Energy� Ring Current� Remarks
� � Energy� � Repetition� � � � DCCT@Injection�
III-LDM� 200 MeV�� 300 Hz� � 200 MeV�� ~40 mA� � Extracted Average Current ~1 µA

Beamline�Linac� � Modulator� Ring Top�� Ring Current� Remarks
� � Energy� � Repetition� Energy� � DCCT@1.2 GeV�
III� � 150 MeV�� 0.04 Hz� � 1.2 GeV� � ~15 mA� � Lifetime ~ 20 min @ 1.2GeV, 10 mA
III� � 150 MeV�� 0.04 Hz� � 0.92 GeV�� ~10 mA� �

http://apollo.lns.tohoku.ac.jp/fy2011/forusers/collaboration/beam22a.pdf


