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Preface

Dear Colleagues and Collaborators,

Thank you for downloading the Annual Report of the Yoshikawa Laboratory in the Institute for
Materials Research (IMR) and Yoshikawa Project in the New Industry Creation Hatchery Center
(NICHe), Tohoku University. As usual, we distribute the Annual Report in digital format that helps us
to save some trees required for the paper production and to make it easier for you to access the copy of
the Report at any time when your computer is with you.

The Report contains a summary of our research activities and selected papers published in FY2015.
The current issue covers our progress within academic year from April 2015 to March 2016. In this
period, we had continued development of our basic technologies considering both practical and
fundamental points of view. Some of our achievements are listed below:

» Further progress in studies of Ce:GAGG crystals for gamma-ray scintillators. This year,
performance of the Ce:(Gd,Y,Lu)AGG crystals was further improved by their co-doping with
divalent ions, following stabilization of the Ce** centers.

» Crystal growth of halide materials. As an example, one- and two-inch diameter CeBr; crystals
were grown by Bridgman method using modified micro-pulling down apparatus.

* Development of two-inch diameter La-substituted GPS crystals with exceptionally high

temperature stability.

» Growth of langasite type crystals. Al-substituted CTGS crystals are studied for their application in
oscillators, resonators, and combustion pressure sensors. Bulk crystal growth technology for
two-inch diameter CTGS is established.

Fiber growth technology of processing resistant material, such as Ir based alloy and CCM are
developing. Some of the fibers were successfully growth from the melt.

Our long-term policy is to develop chains of research capabilities that connect three areas of expertise
as follows: (1) materials production (including crystal growth), (2) materials physics and characterization,
and (3) application of the materials in current and prospective devices. Such chain was built for the
scintillating materials and for the piezoelectric materials.

Our projects are always supported by our colleagues from all over the world, and this collaboration is
generally very successful. The details of their contribution are reflected in the papers published within the
above period and incorporated into the Report.

Laboratory members took part in preparation of this Report. I appreciate their efforts and kind help
very much. I wish also thank all of our colleagues from Japan and overseas that had participated in our
research projects and significantly contributed to their progress.

We are looking forward to make our world better, and we appreciate your help in this job.

Akira YOSHIKAWA

L5

Professor,

Institute for Materials Research (IMR), Tohoku University

New Industry Creation Hatchery Center (NICHe), Tohoku University
March, 2016
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Combination of u—-PD and CZ method for
development of novel scintillator single crystals

Micro-pulling method
Quick materials screening

of candidate crystals
Laser, nonlinear

Scintillator  Faraday rotator
Piezoelectric

QOHA

CZ method
High quality
bulk single crystal

Challenge and study for developing of novel single crystalline

optical materials using micro-pulling-down method

Akira Yoshikawa **, Martin Nikl ™, Georges Boulon ©, Tsuguo Fukuda *

" fmciimie of Fhpres 45 O, Cebrosamickd 00 62 5 Fome Cwch Kepohic
" Fiyrical Chawiery af [ omin o dasrsaly (Dosds Beneedi. von | Dnieeesey, DR 200 (VK Filsdons Fonoe
“ Bp. Brimm det adrmal Dederrgia & Whano-Bcocm, méa Carst 83, N7 28 Llona, Bak

sio o 3| oy 3K

Opt. Mater. 30 (2007) 6

i

* I dmir o Mslvdorp banary Remmh for Adeanard baserdalr, Tohols Undarety, Bxabira 2-1- 1 dcha-ds, Senda 8808 577 Jasan

SEM-EDS-EPMA
Composition analysis

Luminescence
properties

Characterization

XRC
Crystallinity

Radiation response
Light yield,
scintillation decay
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2015 FBIIBRE
Members (2015 academic year)

Professor
Dr. Akira Yoshikawa
Associate Professor

Dr. Yuui Yokota

Dr. Kei Kamada
Assistant Professor

Dr. Shunsuke Kurosawa

Dr.  Yuji Ohashi
Adviser

Prof Masae Kikuchi

Prof  Touetsu Shishido
Technical Counsellor
Hiroshi Uemura
Assistant

Keiko Toguchi

Megumi Sasaki
Secretaries

Yuka Takeda
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Researcher

Kuniko Kawaguchi

Yasuhiro Shoji

Robert Kral

Graduate Students

Researchers

Akihiro Yamaj

Tetsuo Kudo

Masanori Kitahara

Tomoki Ito

Rikito Murakami

Aya Nagura

Chieko Tanaka

Hiroyuki Chiba

Takahiro Horiai

Hiroyuki Yamaguchi

Hisakazu Nagato

Shoki Hayasaka
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Visiting Professors/Researchers

Prof.

Prof.

Dr.

Dr.

Idzumi Chida

Tsuneyoshi Miki

Yusuke Takahashi

Osamu Eguchi

Kenji Inoue

Hiroyuki Amano

Takuya Sato

Masayuki Ito

Yuji Machida

Georges Boulon

Martin Nikl

Vladimir
V.Kochurikhin

TCHANI Valery

Visiting Researchers

Dr.

Dr.

Jan Pejchal

Andrey Medvedev
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(#k) Piezostudio

(¥k) Piezostudio

(#k) Piezostudio

(¥k) Piezostudio

(¥k) Piezostudio

France

Czech Republic

Russia

Canada

Czech Republic

Russia
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Visits by International Collaborator 2015

Affiliation

Researcher

Research Theme

General Physics Institute
(Russia)

Dr. V. Kochurikhin

Growth of bulk single crystals and automatic
diameter control in Czochralski growth

LPCML, CB Lyonl Univ.

Transparent ceramics with Spark Plasma

Dr. G. Boulon
(France) Sintering method, and INTELUM workshop
Svetcha ] ]
Dr. V. Chani Growth of bulk single crystals
(Canada)
Institute of Physics CAS ) Characterization of various scintillator
Dr. M. Nikl

(Czech Republic)

materials, and INTELUM workshop

Institute of Physics CAS
(Czech Republic)

Dr. K.Bartosiewic

Growth and characterization of oxide
scintillator crystals, and INTELUM workshop

Stanford University,
California (USA)

Dr. C.Levin

PET/MRI applications

The University of Tennessee
(USA)

Dr. M. Zhuravleva

Growth and characterization of halide
scintillator crystals, and JSPS186 workshop

National Centre for Nuclear
Research (Poland)

Dr. L. Swiderski

Growth and characterization of various
scintillator crystals, and JSPS186 workshop

CRYTUR (Czech Republic)

Dr. J. Houzvicka

Growth and characterization of scintillator
and laser materials, and JSPS186 workshop

CERN (Switzerland)

Dr. E. Auffray

INTELUM meeting and workshop

CERN (Switzerland)

Dr. P. Lecoq

INTELUM meeting and workshop

University of California,
Berkeley (USA)

Dr. E. Bourchesne

INTELUM meeting and workshop

University of Milan
(Ttaly)

Dr. M. Fasoli

INTELUM meeting and workshop

Institute for Scintillation
Materials (Ukraine)

Dr. O. Sidletskiy

INTELUM meeting and workshop

CRYTUR (Czech Republic)

Dr. S. Ochesanu

INTELUM meeting and workshop

21




Seminar at Yoshikawa Laboratory 2015

Date Affiliation Speaker Title of speech
. . Positron emission tomography
August Stanford University, . .
L Dr. C.Levin system technologies under study at
25-26 California (USA)
Stanford
Band gap and defect engineering
) ) strategies in the complex oxide
February | Institute of Physics CAS ) o o
. Pr. M. Nikl scintillators optimization: the
6-8 (Czech Republic) ] )
differences for Ce and Pr-doping
Luminescence Quenching and
) ) Scintillation Response in Ce3+
February | Institute of Physics CAS o )
. Dr. K.Bartosiewic Doped GdxY3-xAlI5012 Single
6-8 (Czech Republic)

Crystals
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Visits to International Collaborator 2015

Affiliation

Researcher

Period of stay

Institute of Physics CAS
(Czech Republic)

Assoc. Pr. Kurosawa
Mr. Ito

September 27-30

Soltan Institute for Nuclear
Studies
(Poland)

Assoc. Pr. Kamada

October 24-25

European Organization for
Nuclear Research, CERN
(Switzerland)

Assoc. Pr. Kurosawa

Mr. Murakami

Mr. Horiai, Mr. Yamaguchi
Miss. Tanaka

February 27-28

CB Lyon1 University
(France)

Pr. Yoshikawa

Assoc. Pr. Yokota

Assist. Pr. Kurosawa

Mr. Murakami

Mr. Horiai, Mr. Yamaguchi
Miss. Tanaka

March 1-4
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10.

11.

12.

[R5 - HFFERERE & DILRINTSE]

Joint research with universities and research institutes in Japan
HORARY FESE Tokyo University

KRS L —W =z L X —2f 50k o 7 —  L[FEE
Institute of Laser Engineering, Osaka University

HHR Kyoto University
HAREL AT FERAE oy TRV SRR RO SRRIR e UVSOR

E LR TIE N BB E e G P ERT  JERAFSE
National Institute of Radiological Sciences

LHERY HFEE Nagoya University

AR ITERY  JLFEE Nagoya Institute of Technology

IR EFEAEE Yamagata University

ALK HEFEAEE Yamanashi University
BINKRE IL[EFSE Shinshu University

THEERY: LR Chiba University

IRERT: HE[FEAFSE Hiroshima University
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YRL 27 SEE BISEES
Research funds (2015 fiscal year)

(8375 PE SR — ARSI PESE R

Tohoku Bureau of Economy, Trade and Industry
The Ministry of Economy, Trade and Industry

1. B RO SRR BT = BEAL SR 326 (B AR A )
Funding Program for Strategic Supporting Industry, 2014
BB A T U Pz b o 3 AT AR D O RIS
Truster: Intelligent Cosmos Research Institute, Miyagi pref.
[Ce:GAGGY » F L — Xl D BPELIC I 1T 5 KA i 7 A DK = R
~ME]
“ Cost reduction of mass-production of large-sized Ce:GAGG scintillator crystals”

M Term: 2014.10-2017.3
ARAEFE Total: 6,430,000 yen for our team, 2015.4 - 2016.3

2. HUMEZEIZ KD HEl s — X OFEAL - ERULFZED 5 BIFE LIRS F 2%

Funding Program for small business innovation research, 2014

RS AL HOR B EE D b D L FENTIE

Truster: Toei Kagaku Co.Ltd

[EpERl~ 4 7 1 P DIEE D%

“Development of mass-production of micro-pulling-down apparatus”

W] Term: 2014.11-2016.3

AAEFE Total: 5,890,000 yen for our team, 2015.4 - 2016.3

[NEDO ¥ u ¥ =7 ]

New Energy and Industrial Technology Development Organization
1. Rk 2 6 FEEHIS YA = L X — T8 7 e 7 F & - FEH{EBR%E
Strategic Energy-saving Innovation Programs, 2014

WEIA T LU a VRS O O EFENE
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Truster: Toshiba Shomei Precision Corporation

CETHEERSm A WK a2 b - BENFA I 7T 3 ZDB%]

“Development of new piezoelectric oscillator for reducing cost and power
consumption”

HIM Term: 2015.2 - 2016.6

AAEFE Total: 45,400,000 yen for our team, 2015.4 — 2016.3

2. WK 2 6 T T AT — T — BT RO
Grand renewable Energy Innovation Programs, 2014

RS C & A D O FRFENFTE

Truster: C&A Corporation

CHTE A BE 2 F T i iR E) 5512 K 2 BT OB % |

“Development of power generation technology based on tuning fork vibrator using new
piezoelectric material”

W] Term: 2014.12-2016.9

AAEFE Total: 11,890,000 yen for our team, 2015.4 - 2016.3

3. R 2 THRE  RAIFHE T RV — O HFTHINE BT B %
Thermal energy Management and Innovation Promotion, 2015

ML A (A 1S 22 O T s PERE TR BV IR A L A4 B D AT FE BH 5 |

“Research &development of highly efficient thermoelectric oxide material having
eutectic structure”

WK Term: 2015.10 - 2017.3

AAEFE Total: 5,000,000 yen for our team, 2015.4 - 2016.3

4. R 2 TR NS 053 < 0 EEREAI TRt
Industrial Innovation Promotion Project, 2015
(RIS fRREP E TAEE 240 < | FrllmtEe s v F L — 2 BRERINBE % |
“Development of mass-production technology of new high-performance scintillator for
next generation PET apparatus”
WK Term: 2015.10 - 2018.3
AAEFE Total: 29,400,000 yen for our team, 2015.4 - 2016.3

5. WHL 2 THE HMOERNBEAXMEFRE T =2 |
Rare Metal Substitute Materials Development Project, 2015
HASHC & AN S O
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J

1.

Truster: C&A Corporation
(A47 ) —2 231 Ko EEFELEY T L—F OBIF I K OB
tHas~DIEH |
“Development of high-yield scintillator using Pt-free crucible, and its radiation
detector applications”
W] Term: 2015.4-2016.3
AAEFE Total: 6,870,000 yen for our team, 2015.4 - 2016.3

[IST e =7 1]

apan Science and Technology Agency

JSTHIFFE R A Ji B 55 2
WEFER R B B SR 7' 77T L (A-STEP) A U X 7 $kik % 1 7
Foundation for High-risk challenging, 2014
AN = e S W SN S T
Truster: Canon Inc.
[ XFRALAHA A= 2 7 2 R S DB &G = X s 0 FE L
P % |
“Development of ultra-high resolution and highly sensitive X-ray detector for
innovative X-ray phase imaging”
Wi Term: 2014.12 - 2016.11
AAEFE Total: 21,400,000 yen for our team, 2015.4 - 2016.3

|
~

. JSTHFFER AR R B 55 3¢
WFZE R R I e B S 7w 777 . (A-STEP)
FEAPER A 7 — U ER bk~ 1 7 ()« XU F v — %)
Foundation for Small and Medium Enterprise Promotion, 2013
HASHEC & AN S DT
Truster: C&A Corporarion
Ml CHIE L WEIRIRER > o F L —2 —|
“Scintillator for Resources Exploration Equipment having high performance at high
temperature”
WKl Term: 2013.12-2017.3
AAEFE Total: 15,300,000 yen for our team, 2015.4 - 2016.3
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3. JSTHWHFER R EBAFZE  [Soimatill ool - PeaRBA%E]
Development of Systems and Technology for Advanced Measurement and Analysis
Technology, 2013

BASHETRET 7 Vb OFEFENIE

Truster: Chiyoda Technol Corporation

(BT RV F =00 « @ AV —T" b OE PERGTRE AL E
“Development of radiometry tester having high energy resolution and high efficiency”
M Term: 2013.10 - 2016.3

AAEE Total: 2,000,000 yen for our team, 2015.4 - 2016.3

4. JSTWRIERCRERFE  (HlkT —~HAZ A7)
Strategic Energy-saving Programs, 2015
[ 3TCIEEHAE A T 7 % AT IREV S BB O FEBA % |
“Research & development of power generation technology based on coil spring
vibrator using 3D shaped piezoelectric crystal”
W Term: 2016.1-2021.3

AAEFE Total: 2,700,000 yen for our team, 2016.1 - 2016.3

5. JSTWMERCREIERERSHE 7 n 7T A (A-STEP) L — XBAELZ A 7

Adaptable and seamless technology transfer program through targetdrive R&D, 2013
TS S /)N R ) R ) V) PR TR 7 1 /L 2 DBFE

“Development of SAW filter for specified low power radio application”
Wi Term: 2013.12 -2017.3

AAEFE Total: 1,450,000 yen for our team, 2015.4 - 2016.3

6. JSTHFZERk LB FEE  (A-STEP) FE¥=—X%hGH A 7
Adaptable and seamless technology transfer program through targetdrive R&D, 2015
(L — 3 —BREN R M M M- D FE AR -+ HiE S O T B9 2 BT BA %8
“Development of basic technology on generation, control and detection of laser-driven
directional neutron”

HM Term: 2016.1—2020.3
AAEFE Total: 6,200,000 yen for our team, 2016.1 - 2016.3
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[ 8]  Reconstruction Agency

1. SRR 2 4 FFEEHIR A ) = 3 VERRE SR T m T A

Funding Program for “Invest Japan” promotion for reconstruction, 2012
HIRA T U V= b aRE REEEN D DBEFE T 0 T L
Truster: Intelligent Cosmos Research Institute, Miyagi pref.
(KA ABHEDO DD AMBER T 0 7T A

“Manpower training program for innovation in automotive industry”

W] Term: 2012.4-2017.3

AAEE Total:  8,2400,000 yen for our team, 2015.4 - 2016.3

(VAT R Ak T 2 A B 4 ]

Ministry of Health, Labour and Welfare
Wk 2 5 AR BRI E B Health Science Research Grants, 2013 (AMED)
W KZEDN S OFEETE
Truster: Tokyo University
FERELS RIREMEL FREICT 207 770 - 37 I U MREE PET 2£1&
DEA%E |
“Development of wearable and sub-millimeter resolution type PET apparatus
that enables non-invasive measurement of RI concentration in blood”
W] Term: 2013.4-2016.3
AAEFE Total: 15,600,000 yen for our team, 2015.4 - 2016.3

[ B ARZEAR 2] Japan Society for the Promotion of Science

TEMAZHEEZE  International Joint Research Program
#M Term: 2013.4 - 2016.3
AAEFE Total: 2,250,000 yen for our team, 2015.4 - 2016.3
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[SCERARM A R A T 2 A B 42 ]

Ministry of Education, Culture, Sports, Science and Technology
A AZr R4 Japan Society for the Promotion of Science
BI2F7E 2B Grants-in-Aid for Scientific Research

1. PREAOWEE— 31 Grants-in-Aid for young scientists(Sprout)
&)l ®  (Akira Yoshikawa)

2. HFE (A) Grants-in-Aid for young scientists(A)
i A% (Yuui Yokota)

3. PRERAYEIF Grants-in-Aid for young scientists(Sprout)

SfH £ (Kei Kamada)

4. PRERAIEEEE—/3#H Grants-in-Aid for young scientists(Sprout)
B 24 (Shunsuke Kurosawea)

5. FHFHIE (B) Grants-in-Aid for young scientists(B)
Hi® 2 (Shunsuke Kurosawea)

6. FEHFZE (C) —/43H Grants-in-Aid for young scientists(Scientific Research (C))
K& HEZ  (Yuji Ohashi)

7. FRlbFEE Fellowship
(L& S2JA  (Akihiro Yamaji)

32



10.

11.

12.

13.

14.

15.

16.

[{B2E - W - BAD»DOZEE -

HFEWE, eI OVITn Y =7 1]

Funds from industry, foundations, personal donation and small project

* v oSt

At TRET 27 /v

AR b =27 AR &AL

PRALAL 17 v

EERGILT 2 &y S e

AR WE

Canon Inc.

Chiyoda Technol Corporation

Hamamatsu Photonics K.K

Tokuyama Corporation

Furukawa Co. Ltd

TOSHIBA Corporation

HEHB 7 L oY 3 U #(& 4k Toshiba Shomei Precision Corporation

T D K#RAZAE

FEERINIE S SRS

TDK Corporation

Yurikogyo Co. Ltd

TANAKA F—/V7 ¢ 7 2k a3 Tanaka Holdings Co. Ltd.

(7 EVERs s ) e )

IR AL HUR B PE S

—ZE bRt

SR

ERVAS Y /Sy o

AR ==

Furuya Metal Co. Ltd.

Toei Kagaku Co. Ltd

Mitsubishi Chemical Corporation

Mitsubishi Electric Corporation

Hitachi Metals, Ltd

Sanko Corporation
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17

18

19.

20

21

. S C&A C&A Corporation
. BE&#Piezo Studio Piezo Studio Inc.

A - EEE R Ae JGC-S scholarship Foundation
- PR A R B AT SR B 4 MST scholarship Foundation

AT Ve b3 RE RAHAR B B R4
Intelligent Cosmos scholarship Foundation
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YRR 27 SEEE ReRFHHREY X B
List of Patent Application (2015 fiscal year)

- BRSO R

Hem o E. S . BE RS BB OAH. ET BZR
(Kei Kamada, Akira Yoshikawa, Shunsuke Kurosawa, Yuui Yokota, Yasuhiro Shoji)

| R OHOH %
NN VN NS (IS FNE N B N A S
i P

(Akira Yoshikawa, Shunsuke Kurosawa, Kei Kamada, Yuui Yokota, Yuji Ohashi,
Rikito Murakami, Yasuhiro Shoiji)

. e AR K OV AR H 2

HIOR, HRM =, BH AR, BE RS EF BXR
(Akira Yoshikawa, Kei Kamada, Yuui Yokota, Shunsuke Kurosawa, Yasuhiro Shoji)

. R ARR K OV R e
BB H)I . BIE A%, Sk B KNS . B OEEH
e Bz

(Shunsuke Kurosawa, Akira Yoshikawa, Yuui Yokota, Kei Kamada, Yuji Ohashi,
Rikito Murakami, Takahiko Horiai)

i EWHE 6
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List of conferences
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International conference and symposia

EIRR 2

1. Bulk Single Crystal Growth of Ca3Ta(Ga,Al)3Si2014 Single Crystals

Akira Yoshikawa, Yasuhiro Shoji, Yuji Ohashi, Yuui Yokota, Tetsuo Kudo, Kei Kamada, Shunsuke
Kurosawa, Andrey Medvedev

2015 IEEE ISAF/ISIF/PFM

May. 24-27. 2015/ Biopolis, Matrix Building, Singapore

(Poster)

2. Effects of Al Doping on Crystal Growth and Piezoelectric Properties of
Ca3NbGa3Si2014 Single Crystals

Yuui Yokota, Tetsuo Kudo, Yuji Ohashi, Andrey Medvedev, Shunsuke Kurosawa, Kei Kamada,
Akira Yoshikawa

2015 IEEE ISAF/ISIF/PFM

May. 24-27. 2015/ Biopolis, Matrix Building, Singapore

(Oral)

3. Homogeneity Evaluation of Ca3Ta(Ga0.5Al10.5)3Si2014 Single Crystal by the
Line-Focus-Beam Ultrasonic Material Characterization System

Yuji Ohashi, Tetsuo Kudo, Yuui Yokota, Yasuhiro Shoji, Shunsuke Kurosawa, Kei Kamada, Akira
Yoshikawa

2015 IEEE ISAF/ISIF/PFM

May. 24-27. 2015/ Biopolis, Matrix Building, Singapore

(Oral)

4. Growth of Ca3Ta(Gal-xAlx)3Si2014 Single Crystals and Their Piezoelectric

Properties

Tetsuo Kudo, Yuui Yokota, Yuji Ohashi, Yasuhiro Shoji, Kei Kamada, Andrey Medvedev, Shunsuke
Kurosawa, Akira Yoshikawa

2015 IEEE ISAF/ISIF/PFM

May. 24-27. 2015/ Biopolis, Matrix Building, Singapore

(Oral)

5. Origin of UV-Induced Infrared Absorption Band in Ce:GAGG
R. Inaba, M. Kitaura, K. Kamada, S. Kurosawa, A. Ohnishi, K. Hara
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13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)
Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

6. Radiation Hardness of Gd-Based Oxide Scintillators

S. Kurosawa, R. Murakami, A. Yamaji, Y. Shoji, J. Pejchal, Y. Ohashi, Y. Yokota, K. Kamada, A.
Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

7. Growth of Gadolinium Pyrosilicate Based Eutectics and Their Scintillation
K. Kamada, S. Kurosawa, Y. Yokota, J. Pejchal, Y. Ohashi, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)
Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

8. Single Crystal Growth of Cerium and Praseodymium Doped YCa40O(BO3)3
K. Kamada, S. Kurosawa, Y. Yokota, J. Pejchal, Y. Ohashi, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)
Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

9. Luminescent Study on Ce-Doped Hafnate Ceramics Samples Prepared by the
SPS

S. Kurosawa, H. Koichi, P. Jan, Y. Yokota, Y. Ohashi, K. Kamada, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

10. Luminescence and Scintillation Properties of Li4SiO4 Single Crystals for
Neutron Scintillators

J. Pejchal, V. Babin, A. Beitlerova, S. Kurosawa, Y. Yokota, A. Yoshikawa, M. Nikl

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Oral)
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11. High Dynamic Range Monitoring of Slow Decay Components in Garnet-Based
P. Bruza, D. Panek, T. Parkman, K. Kamada, S. Kurosawa, A. Yoshikawa, J. Tous, J. Houzvicka, K.
Blazek, M. Kucera, M. Mueller, K. Mann, M. Nikl

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

12. Luminescence Quenching and Scintillation Characteristics in (Y,Gd)3Al5012
Single Crystals Doped with Ce3+

K. Bartosiewicz, V. Babin, K. Kamada, A. Yoshikawa, J. Mares, A. Beitlerova, M. Nikl

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

13. Growth and Luminescence Properties of Eu:Srl2 Single Crystals Prepared by
Modified Micro-Pulling-down Method

R. Kral, J. Pejchal, K. Nitsch, V. Jary, S. Kurosawa, Y. Yokota, M. Nikl, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

14. Crystal Growth and Scintillation Properties of 1.5 Inch Eu:Srl2 Bulk Single
Crystal

Y. Yokota, S. Kurosawa, R. Kral, Y. Shoji, J. Pejchal, Y. Ohashi, K. Kamada, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Poster / mini Oral)

15. Large Size Czochralski Growth and Scintillation Properties of Mg2+ Co-
Doped Ce:Gd3Ga3AI2012

K. Kamada, Y. Shoji, V. V. Kochurikhin, A. Nagura, S. Okumura, S. Yamamoto, J. Y. Yeom, S.
Kurosawa, J. Pejchal, Y. Yokota, Y. Ohashi, M. Nikl, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Oral)
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16. Scintillation Properties of Large Size Ce:La-GPS Crystals Grown by the
Czochralski Process

S. Kurosawa, Y. Shoji, R. Murakami, M. Kitaura, V. Jary, J. Pejchal, Y. Ohashi, Y. Yokota, K.
Kamada, A. Onishi, M. Nikl, A. Yoshikawa

13th International Conference on Inorganic Scintillators and Their Applications (SCINT2015)

Jun. 7-12. 2015 / Berkeley, CA, USA

(Oral)

17. ZnWO4

Hiroyuki Sekiya, Shunsuke Kurosawa, Akira Yoshikawa
CYGNUS2015 Workshop

Jun. 2-4. 2015 / Occidental College in Los Angeles, CA, USA
(Oral)

18. Czochralski growth and properties of Ce:Gd3(Ga,Al)5012 and
Gd2-xLax-yCeySi207 scintillator crystals

Yasuhiro Shoji, Shunsuke Kurosawa, Kei Kamada, Yuui Yokota, V.V.Kochurikhin, Akira Yoshikawa
11th International Conference on Ceramic Materials and Components for Energy and Environmental
Applications (11th CMCEE)

Jun. 14-19. 2015 / Vancouver, B.C., Canada

(Oral / invited)

19. SMILE : Sub-MeV/MeV Gamma-ray Survey using Electron-Tracking
Compton Camera loaded on Balloon

A. Takada, T. Tanimori, H. Kubo, T. Mizumoto, Y. Mizumura, T. Sawanol, K. Nakamura, Y.
Matsuoka, S. Komura, S. Nakamura, T. Kishimoto, M. Oda, T. Takemura, S. Miyamoto, Y.
Nakamasu, K. Yoshikawa, J. D. Parker, K. Miuchi, S. Kurosawa

AAS High Energy Decadal Meeting

Jun. 29 —July 1. 2015 / Chicago

(Poster)

20. Luminescent Properties Of Ce-Doped Gadolinium Pyrosilicate Crystals Grown
By The Floating Zone Method

Shunsuke Kurosawa, Toetsu Shishido, Takamasa Sugawara, Akiko Nomura, Kunio Yubuta, Yasuhiro
Shoji, Rikito Murakami, Yuui Yokota, Jan Pejchal, Yuji Ohashi, Kei Kamada, Akira Yoshikawa
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2015 ACCGE-20
Aug. 2-7. 2015 / Big Sky, Montana, USA
(Poster)

21. Czochralski Growth of 2 Inch Ca3Ta(Ga,Al)3Si2014 Single Crystals For
Piezoelectric Application

Akira Yoshikawa, Yasuhiro Shoji, Yuji Ohashi, Yuui Yokota, Valery I. Chani, Masanori Kitahara,
Tetsuo Kudo, Kei Kamada, Shunsuke Kurosawa, Andrey Medvedev, Vladimir Kochurikhin

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Poster)

22. Crystal Growth And Scintillation Properties Of Lu Substituted CeBr3 Single
Crystals

Tomoki Ito, Yuui Yokota, Shunsuke Kurosawa, Kei Kamada, Jan Pejchal, Yuji Ohashi, Akira
Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Poster)

23. Crystal Growth Of 2inch Eu-Doped Srl2 Single Crystals For Scintillator
Application

Akira Yoshikawa, Yasuhiro Shoji, Yuui Yokota, Shunsuke Kurosawa, Shoki Hayasaka, Valery I.
Chani, Tomoki Ito, Kei Kamada, Yuji Ohashi, VIadimir V. Kochurikhin

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Oral /invited)

24. Czochralski Growth Of 2inch Ce-Doped (La,Gd)2Si207 Single Crystals For
Scintillator Application

Akira Yoshikawa, Shunsuke Kurosawa, Yasuhiro Shoji, Valery I. Chani, Rikito Murakami, Kei
Kamada, Yuui Yokota, Yuji Ohashi, Vladimir Kochurikhin

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Oral)

41



25. Luminescent Properties Of Cr-Doped Gallium Garnet Crystals Grown By The
Micro Pulling Down Method

Shunsuke Kurosawa, Akira Suzuki, Akihiro Yamaji, Kei Kamada, Jan Pejchal, Yuji Ohashi, Yuui
Yokota, Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Poster)

26. Ca3NbGa3Si2014 Piezoelectric Fiver Crystal For Electrical Generation From
Oscillation Grown By Micro-Pulling-Down Mathod

Masanori Kitahara, Yuui Yokota, Yuji Ohashi, Andrey Medvedev, Syunsuke Kurosawa, Kei Kamada,
Osamu Eguchi, Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Oral)

27. Growth Of 3 Inch Diameter Ce Doped Gd3Ga3Al2012 Single Crystal
Scintillator

Kei Kamada, Yasuhiro Shoji, Vladimir V. Kochurikhin, Aya Nagura, Satoshi Okumura, Seiichi
Yamamoto, Shunsuke Kurosawa, Jan Pejchal, Yuui Yokota, Yuji Ohashi, Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Oral)

28. Chemical Composition Characterization Of Ca3Ta(Ga0.5A10.5)3Si2014 Single
Crystal By The Line-Focus-Beam Ultrasonic Material Characterization System
Yuji Ohashi, Tetsuo Kudo, Yuui Yokota, Yasuhiro Shoji, Shunsuke Kurosawa, Kei Kamada, Akira
Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Poster)

29. Scintillation Properties Of Ce:Gd3(Ga,Al)5012 Single Crystals Grown By
Czochralski Method With Different Mg Co-Doping Concentrations

Kei Kamada, Aya Nagura, Martin Nikl, Satoshi Okumura, Seiichi Yamamoto, Shunsuke Kurosawa,
Yuui Yokota, Jan Pejchal, Yuji Ohashi, Akira Yoshikawa
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2015 ACCGE-20
Aug. 2-7. 2015 / Big Sky, Montana, USA
(Poster)

30. Growth And Scintillation Properties Of Alkali Metal And Ce Co-Doped
Lu3AI5012 Scintillator

Kei Kamada, Vladimir V. Kochurikhin, Martin Nikl, Shunsuke Kurosawa, Jan Pejchal, Yuui Yokota,
Yuji Ohashi, Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Oral)

31. Growth And Scintillation Properties Of Ce Doped YAG Single Crystal
Yuui Yokota, Shunsuke Kurosawa, Yuji Ohashi, Kei Kamada, Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Poster)

32. Growth Of Ca3NbGa3Si2014 Piezoelectric Crystals Grown From Congruent
Composition

Yuui Yokota, Yuji Ohashi, Shunsuke Kurosawa, Kei Kamada, Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Poster)

33. Growth Of N-Benzyl-2-Methyl-4-Nitroaniline (BNA) Single Crystal Fiber For
Terahertz Generation

Kei Kamada, Yuma Takida, Hiroaki Minamide, Shunsuke Kurosawa, Yuui Yokota, Yuji Ohashi,
Akira Yoshikawa

2015 ACCGE-20

Aug. 2-7. 2015 / Big Sky, Montana, USA

(Oral)

34. Crystal Growth, Optical And Scintillation Properties of Bulk Eu-doped Srl2
Single Crystals
Akira Yoshikawa, Yasuhiro Shoji, Yuui Yokota, Shunsuke Kurosawa, Valery 1. Chani, Tomoki lto,
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Kei Kamada, Yuji Ohashia, Vladimir Kochurikhin

The 4TH International Conference on the Physics of Optical Materials and Devices (ICOM2015)
Aug. 30- Sept. 4. 2015 / Budva, Montenegro

(Oral / invited)

35. Co-doping Effects on Luminescence and Scintillation Properties of Ce doped
(Lu,Gd)3(Ga,Al5012 Scintillator

Hiroaki Yamaguchi, Kei Kamada, Shunsuke Kurosawa, Jan Pejchal, Yasuhiro Shoji, Yuui Yokota,
Yuji Ohashi, Akira Yoshikawa

The 4TH International Conference on the Physics of Optical Materials and Devices (ICOM2015)
Aug. 30- Sept. 4. 2015 / Budva, Montenegro

(Oral)

36. Growth and Luminescence Properties Of Ce doped LaCl3/CaCl2 Eutectic
Scintillator

Kei Kamada, Kosuke Hishinuma, Shunsuke Kurosawa, Akihiro Yamaji, Yasuhiro Shoji, Jan Pejchalb,
Yuji Ohashi, Yuui Yokota, and Akira Yoshikawa

The 4TH International Conference on the Physics of Optical Materials and Devices (ICOM2015)
Aug. 30- Sept. 4. 2015 / Budva, Montenegro

(Poster)

37. Growth and Scintillation Properties of Eu and Th Doped LiGdF4/LiF Eutectic
Scintillator for Neutron Detection

Kei Kamada, Kosuke Hishinuma, Shunsuke Kurosawa, Akihiro Yamaji, Yasuhiro Shoji, Jan Pejchal,
Yuji Ohashi, Yuui Yokota, and Akira Yoshikawa

The 4TH International Conference on the Physics of Optical Materials and Devices (ICOM2015)
Aug. 30- Sept. 4. 2015 / Budva, Montenegro

(Poster)

38. Temperature Dependence of Y-Admix GAGG Scintillator Grown by the
Czochralski Process

Shunsuke Kurosawa, Mafuyu Seki, Kei Kamada, Jan Pejchal, Yasuhiro Shoji, Yuji Ohashi, Yuui
Yokota, Akira Yoshikawa

The 4TH International Conference on the Physics of Optical Materials and Devices (ICOM2015)
Aug. 30- Sept. 4. 2015 / Budva, Montenegro

(Poster)
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39. ASSIGNMENT OF Nd3+/Yb3+ ENERGY LEVELS IN THE C2 AND Ca3i
CENTERS OF Lu203 SESQUIOXIDE CERAMICS/CRYSTAL

Georges Boulon, Guillaume Alombert-Goget, Yannick Guyot, Malgorzata Guzik,Jan Pejchal, Akira
Yoshikawa, Akihiko Ito, Takashi Goto

The 4TH International Conference on the Physics of Optical Materials and Devices (ICOM2015)
Aug. 30- Sept. 4. 2015 / Budva, Montenegro

(Oral / invited)

40. Band gap and defect engineering strategies in the Ce and Pr-doped complex
oxide scintillators optimization

M. Nikl, K. Kamada, S. Kurosawa, J. Pejchal, V. Jary, A. Yoshikawa

9th International Conference on Luminescent Detectors and Transformers of lonizing Radiation
(LUMDETR 2015)

Sept. 20-25. 2015 / Tartu, Estonia

(Oral / invited)

41. Growth and scintillation properties of alkali metal ions co-doped
Ce:Gd3Ga3Al2012

K. Kamada, V. V. Kochurikhin, M. Nikl, S. Okumura, S. Yamamoto, J. Y. Yeom, Y Shouji, S.
Kurosawa, J. Pejchal, Yuui Yokota, Y. Ohashi, oA. Yoshikawa

9th International Conference on Luminescent Detectors and Transformers of lonizing Radiation
(LUMDETR 2015)

Sept. 20-25. 2015 / Tartu, Estonia

(Oral)
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Luminescence mechanism in doubly Gd, Nd-codoped fluoride crystals for VUV scintillators

Jan Pejchal®®, Kentaro Fukud®, Vladimir Babin®, Shunsuke Kurosawa® ¢ ,Yuui Yokota®, Akira Yoshikawa® ¢, Martin
NiklI®

a NICHe, Tohoku University, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, 9808579 Japan

b Institute of Physics AS CR, Cukrovarnicka 10, Prague 6,16200, Czech Republic

¢ Tokuyama Corporation, Kasumigaseki Common Gate West Tower 2-1, Kasumigaseki 3-chome, Chiyoda-ku,

Tokyo, 1008983, Japan

d Institute for Materials Research, 2-1-1 Katahira, Aoba-ku, Sendai, 9808577 Japan
Abstract:
The Nd-doped, Gd-doped and doubly Nd, Gd-codoped BaLui>YosFs (BaLuYF) and LuF3 single crystals were
grown by a micro-pulling-down method. Their photoluminescence, radioluminescence and alpha-ray-excited pulse-
height spectra were studied in the vacuum-ultra-violet (VUV) region to confirm their possible application as fast
VUV scintillators. Complementary photoluminescence measurements in the ultra-violet/visible spectral region were
performed as well. The possibility of scintillation performance improvement by Gd codoping was tested. The overall
scintillation efficiency of BaLuYF:Nd1% was comparable to that of the LaF3:Nd8% reference sample and only
slight improvement was observed after Gd1% codoping. The positive effect of Gd codoping was confirmed for
higher dopant concentrations. This was explained by an energy transfer from the high-energy Gd*" 4f 2G(0)7 level
to the Nd3* 5d state. On the other hand, pulse-height spectra showed degradation of the light yield under alpha-ray
excitation, which was explained by introduction of slow components due to Gd codoping. On the other hand, no
positive effect of Gd codoping was found for the overall scintillation efficiency of Nd-doped LuF3, despite the same
energy transfer process was confirmed. Slight improvement of the light yield under alpha-ray excitation was
confirmed.

E-mail Address:

pejchal@fzu.cz

Site Address:
http://www.sciencedirect.com/science/article/pii/S0022231315001921

75



JOURNAL OF LUMINESCENCE 170, 513, Published: FEB2016

Assignment of Yb3" energy levels in the C2 and Csi centers of Lu203 sesquioxide either as
ceramics or as crystal
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Abstract:

Absorption spectroscopy at 4 K, site selective spectroscopy technique at 77 K, decays associated to the applications
of barycentre plot law (Antic-Fidancev) and crystal-field strength concept (Auzel and Malta) are used to attempt the
assignment of Yb* energy levels in C3; and C; centers of Lu,O; sesquioxide structure either in ceramics or in crystal
as potential laser materials.
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Crystal growth and scintillation properties of multi-component oxide single crystals:
Ce:GGAG and Ce:La-GPS
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Abstract:
Crystal growth by micro-pulling-down, Czochralski, and floating zone methods and scintillation
properties of Ce:Gds(Ga,Al)5012 (Ce:GGAG) multi-component oxide garnets, and Ce:Gd2Si207
(Ce:GPS) or Cei(La,Gd)2Si207 (CeLa-GPS) pyro-silicates are reviewed. GGAG crystals
demonstrated practically linear dependences of some of the parameters including lattice
constant, emission wavelength, and band gap on Ga content. However, emission intensity, light
yield and energy resolution showed maxima for intermediate compositions. GGAG crystals had
the highest light yield of 56,000 photon/MeV for Ga content of 2.7 atoms per garnet formula unit.
Similarly the light yield and energy resolution of La-GPS showed the highest values of
40,000 photon/MeV and 4.4%@662 keV, respectively, for La-GPS containing 10% of La. Moreover,
La-GPS demonstrated stable scintillation performance up to 200 °C.
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Characterization of the lasing properties of a 5%Yb doped Lu:SiOs crystal along its three
principal dielectric axes.
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Abstract:
The laser performance of a 5% Yb doped Lu2SiO5 (Yb:LSO) has been investigated in quasi continuous-wave
pumping regime along the three principal dielectric axes of the crystal, to obtain a complete characterization of its
laser properties. The comparison among the obtained results for differently polarized lasers, in term of relative slope
efficiency and absolute efficiency, allows the exploitability of different orientations of the material in order to be
determined to obtain efficient laser sources. The laser slope efficiency and the energy conversion efficiency were
similar for emission polarized along the three indicatrix axes, with noticeable maximum values of slope efficiency
around 90% for polarization along the Y and Z axes. Tunable laser action has been obtained in the range 990 nm -
1084 nm, with sizeable differences in the shape of the tuning curve for polarization along the X, Y and Z axes. In
particular, the tuning for polarization along the Z axis is relatively flat and uniform in the range 1023 nm - 1083 nm.
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Growth and scintillation properties of praseodymium doped (Lu,Gd)3(Ga,Al)sO12 single
crystals
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Yokota?, Akira Yoshikawa® b4
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Abstract:

Pr doped (Lu,Gd)3(Ga,Al)sO1, single crystals were grown by the micro-pulling down (pu-PD) method. The crystals
were greenish and transparent with 3.0 mm in diameter, 10-30 mm in length. Neither visible inclusions nor cracks
were observed. Luminescence and scintillation properties were measured. The substitution at the Al** sites by Ga**
in garnet structure has been studied. The Pr3" 5d-4f emission is observed within 300-380 nm wavelength
superposed with 312 nm emission line of Gd**. Pr0.2%:Lu,sGdiGasAl,O1, shows highest emission intensity. The
light yield of Pr0.2%:Lu, 5GdosGa>Al301, sample with diameter 3 mmx1 mm size was around 8000 ph/MeV. Two-
exponential approximations of scintillation decay showed 39.6 ns (30.6%) and 151 ns (69.4%) decay times.
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An Electron-Tracking Compton Telescope for a Survey of the Deep Universe by MeV
gamma-rays

T. Tanimori'?, H. Kubo', A. Takada!, S. Iwaki', S. Komura!, S. Kurosawa?, Y. Matsuoka!, K. Miuchi®, S.
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Sonoda!, T. Takemura', D. Tomono', and K. Ueno!
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Abstract:

Photon imaging for MeV gammas has serious difficulties due to huge backgrounds and unclearness in images,
which originate from incompleteness in determining the physical parameters of Compton scattering in detection,
e.g., lack of the directional information of the recoil electrons. The recent major mission/instrument in the MeV
band, Compton Gamma Ray Observatory/COMPTEL, which was Compton Camera (CC), detected a mere ~30
persistent sources. It is in stark contrast with the ~2000 sources in the GeV band. Here we report the performance of
an Electron-Tracking Compton Camera (ETCC), and prove that it has a good potential to break through this
stagnation in MeV gamma-ray astronomy. The ETCC provides all the parameters of Compton-scattering by
measuring 3D recoil electron tracks; then the Scatter Plane Deviation (SPD) lost in CCs is recovered. The energy
loss rate (dE/dx), which CCs cannot measure, is also obtained, and is found to be helpful to reduce the background
under conditions similar to those in space. Accordingly, the significance in gamma detection is improved
severalfold. On the other hand, SPD is essential to determine the point-spread function (PSF) quantitatively. The
SPD resolution is improved close to the theoretical limit for multiple scattering of recoil electrons. With such a well-
determined PSF, we demonstrate for the first time that it is possible to provide reliable sensitivity in Compton
imaging without utilizing an optimization algorithm. As such, this study highlights the fundamental weak-points of
CCs. In contrast we demonstrate the possibility of ETCC reaching the sensitivity below 1 x 1072 erg cm™2 s™! at 1
MeV.
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A prototype of aerial radiation monitoring system using an unmanned helicopter mounting
a GAGG scintillator Compton camera
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Abstract:
Due to the accident of Fukushima Daiichi Nuclear Power Plant, some areas were contaminated by released
radioisotopes (mainly '¥’Cs and '3*Cs). Effective decontamination is demanded to encourage evacuated people to
return. This paper proposes a new survey system using an unmanned helicopter equipped with a Compton camera
for localizing radionuclides. As a prototype, 32 Ce:Gd3(Al,Ga)sO012 (GAGG) crystals were coupled to 16 silicon
photomultipliers and 16 avalanched photodiodes as the scatterer and absorber, respectively. A new Dynamic Time-
over-Threshold (dToT) method was applied to convert CR-RC shaping signals to digital signals for multi-channel
spectra and coincidence acquisition. The system was designed to work in two modes: one is Compton-camera mode
(CCM) which obtains the radiation distribution maps through Compton imaging using hovering flights, while the
other one is Gamma-camera mode (GCM) which maps the radiation distribution via measured coincidence events
using programmed flights. For point source in CCM, an intrinsic efficiency of 1.68% with a combined standard
uncertainty of 0.04% and an angular resolution of about 14° (FWHM, full width at half maximum) was achieved. In
GCM, a spatial resolution of about 11 cm (FWHM) was obtained when detecting area is 11.2 cm away from the
detector, while it was about 28 cm (FWHM) in single detector mode (SDM). Promising results were obtained in
field in Fukushima.
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New readout and data-acquisition system in an electron-tracking Compton camera for
MeV gamma-ray astronomy (SMILE-II)
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Nakamura?, S. Komura?®, S. Nakamura®, T. Kishimoto®, M. Oda?®, S. Miyamoto®, T. Takemura?, J.D. Parker?®, D.
Tomono?, S. Sonoda?, K. Miuchi®, S. Kurosawa?

a Department of Physics, Kyoto University, 606-8502 Kyoto, Japan

b Unit of Synergetic Studies for Space, Kyoto University, 606-8502 Kyoto, Japan
¢ Department of Physics, Kobe University, 658-8501 Kobe, Japan

d Institute for Materials Research, Tohoku University, 980-8577 Sendai, Japan

Abstract:

For MeV gamma-ray astronomy, we have developed an electron-tracking Compton camera
(ETCC) as a MeV gamma-ray telescope capable of rejecting the radiation background and
attaining the high sensitivity of near 1 mCrab in space. Our ETCC comprises a gaseous time-
projection chamber (TPC) with a micro pattern gas detector for tracking recoil electrons and a
position-sensitive scintillation camera for detecting scattered gamma rays. After the success of a
first balloon experiment in 2006 with a small ETCC (using a 10x10%x15 cm3 TPC) for measuring
diffuse cosmic and atmospheric sub-MeV gamma rays (Sub-MeV gamma-ray Imaging Loaded-
on-balloon Experiment I; SMILE-D), a (30 cm)3 medium-sized ETCC was developed to measure
MeV gamma-ray spectra from celestial sources, such as the Crab Nebula, with single-day
balloon flights (SMILE-II). To achieve this goal, a 100-times-larger detection area compared
with that of SMILE-I is required without changing the weight or power consumption of the
detector system. In addition, the event rate is also expected to dramatically increase during
observation. Here, we describe both the concept and the performance of the new data-
acquisition system with this (30 cm)3 ETCC to manage 100 times more data while satisfying the
severe restrictions regarding the weight and power consumption imposed by a balloon-borne
observation. In particular, to improve the detection efficiency of the fine tracks in the TPC from
~10% to ~100%, we introduce a new data-handling algorithm in the TPC. Therefore, for efficient
management of such large amounts of data, we developed a data-acquisition system with
parallel data flow.
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Abstract:
Ca3Nb(Gal-xAlx)3Si2014 (CNGAS) single crystals with various Al concentrations were grown
by a micro-pulling-down (u-PD) method and their crystal structures, chemical compositions,
crystallinities were investigated. CNGAS crystals with x = 0.2, 0.4 and 0.6 indicated a single
phase of langasite-type structure without any secondary phases. In contrast, the crystals with x
= 0.8 and 1 included some secondary phases in addition to the langasite-type phase. Lattice
parameters, a- and c-axes lengths, of the langasite-type phase systematically decreased with an
increase of Al concentration. The results of chemical composition analysis revealed that the
actual Al concentrations in as-grown crystals were almost consistent with the nominal
compositions. In addition, there was no large segregation of each cation along the growth
direction.
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Abstract:
Eu doped CaF2/LisAlFs eutectics were grown by pu-PD method. The directionally solidified
eutectic with well-aligned 600 nm diameter Eu:CaF2 scintillator fibers surrounded with LisAlFs
was prepared. The grown eutectics showed an emission peak at 422 nm ascribed to Eu2+ 4f-5d
transition from Eu:CaF?2 scintillation fiber. Li concentration in the Eu:CaF2—LisAlFs eutectic is
around 0.038 mol/cm3,which is two times higher than that of LiCaAlFs single crystal
(0.016 mol/cm3). The light yield of Eu:CaFz-LisAlFs eutectic was around 7000 ph/neutron. The
decay time was about 550 ns (89%) and 1450 ns (11%).
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Growth and piezoelectric properties of CasNb(Gai1xAlx)3Si2014 (x = 0.25 and 0.50) single
crystals
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Abstract:
One inch Ca3NbGa3Si2014 (CNGS) and Ca3Nb(Gal-xAlx)3Si2014 (CNGAS) bulk crystals with
an ordered langasite-type structure were grown by a Czochralski method. CNGS bulk single
crystals without cracks could be grown, while CNGAS bulk crystals with x = 0.25 and 0.50
included some cracks even under improved growth conditions. Lattice parameters and
anisotropy on the structure of grown crystals were systematically decreased and increased by
increasing the Al concentration, respectively. Although the density and dielectric constant £11 of
an X-cut sample of the CNGAS crystal with x = 0.25 were decreased by Al substitution, the
electromechanical coupling factor k12 and piezoelectric constant d11 were increased. The effects
of Al substitution on piezoelectric properties were almost consistent with previous reports on the
disordered langasite-type crystals except for their amount of change.
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Abstract:

Bils single crystals were grown by the physical vapor transport method. The repeated
sublimation of the starting material reduced impurities in the Bils single crystal to sub-ppm
levels. The detector was fabricated by depositing Au electrodes on both surfaces of the 100-pm-
thick Bils single crystal platelet. The resistivity of the Bils single crystal was increased by post-
annealing in an iodine atmosphere (p=1.6x1011 Q cm). Pulse height spectroscopy measurements
showed clear peaks in the energy spectrum of alpha particles or gamma rays. It was estimated
that the mobility-lifetime product was per—~3.4—-8.5x10-6 cm2/V and the electron—hole pair
creation energy was 5.8 eV. Our results show that Bils single crystals are promising candidates
for detectors used in radiographic imaging or gamma ray spectroscopy.
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Recent R&D Trends in Inorganic Single-Crystal Scintillator Materials for Radiation
Detection
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Abstract:

In this review, the major achievements and research and development (R&D) trends from the
last decade in the field of single crystal scintillator materials are described. Two material
families are included, namely, those of halide and oxide compounds. In most cases, the host
crystals are doped with Ce3*, Pr3* or Eu2* rare earth ions. Their spin- and parity-allowed 5d—4f
transitions enable a rapid scintillation response, on the order of tens to hundreds of
nanoseconds. Technological recipes, extended characterization by means of optical and magnetic
spectroscopies, and theoretical studies are described. The latter provide further support to
experimental results and provide a better understanding of the host electronic band structure,
energy levels of specific defects, and the emission centers themselves. Applications in medical
imaging and dosimetry, security measures, high-energy physics and the high-tech industry, in
which X(y)-rays or particle beams are used and monitored, are recognized as the main driving
factor for R&D activities in this field.
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Abstract:

We grew 1.5-in Eu doped SrI2 (Eu:SrI2) bulk single crystal by a modified vertical Bridgman
(VB) method using a removable chamber and high-frequency induction heating. As-grown 1.5-in
Eu:SrI2 bulk single crystal had no visible crack and inclusion in the crystal. In the
transmittance and a-ray radioluminescence spectra, large absorption below 433 nm and
emission peak at 433 nm were observed, respectively. Each polished Eu:SrI2 specimen indicated
56 000 ~ 62 000 ph/MeV light yield and 3.3 ~ 3.9% energy resolution. The decay times of the
specimens were 0.61 ~ 0.67 ps.
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Acoustical physical constants around room temperature for CasTaGa1sAlisSi2014 single
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Abstract:

A full set of acoustical physical constants was determined for Ca3TaGal.5A11.5Si2014(CTGAS) single crystal from
ulk wave velocities measured by the ultrasonic micro-spectroscopy method. Several plate specimens were cut
perpendicular to theX-Y-,Z-,35.25°Y-, and 139.74°Y-directions from a CTGAS single crystal ingot grown by
Czochralski technique. Following measurements of dielectric constants and density, elastic constants, piezoelectric
constants, and their temperature coefficients were determined from longitudinal wave and shear wave velocities
measured for the CTGAS specimens at around room temperature. It was demonstrated that the as found constants
could provide calculation accuracy within +0.15% in leaky surface acoustic wave velocity. The determined con-
stants were used for numerical calculation of the cut angle, at which the temperature coefficient of shear wave
velocity becomes zero. This angle corresponded to 147.9°Y-cut substrate that had electromechanical coupling factor
fk2=3.2%. This parameter is about four times greater than that of AT-cutaquartz
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Abstract:

The photopeak and escape peak processes were studied in heavy Ce3*-doped LUAG and GGAG,
Pr3+-doped LuAG and undoped BGO scintillating crystals. Energy resolution measurements
were performed with 511 keV photons of 22Na radioisotope. In the pulse-height spectra the
escape peaks were resolved clearly on thin samples (up to 3 mm). If sample thickness increases
the escape peak cannot be resolved anymore (for thicknesses approx. above 5 mm, especially).
Consequently, energy resolution increases by about 40% compared with that measured at 1 mm
thick samples.
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Abstract:

The influence of annealing in air at elevated temperatures on the absorption, luminescence and scintillation
characteristics was studied for a set of Ce-doped aluminum garnet and perovskite single crystals. Positive effects
consisting mainly in increase of light yield and decrease of afterglow were found to varying extent in all the
materials. It is explained by the positive role of created stable Ce** center in scintillation mechanism and by decrease
of deep trap concentration based on oxygen vacancies.
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Abstract:

Multicomponent garnets (Y3-GdxAls,Ga,012) doped with Ce*" ions are promising scintillators with a high density,
fast response time and high light yield. To deepen the knowledge about the transfer stage of scintillation mechanism
we discuss the energy migration and energy transfer processes in the set of undoped and Ce*' activated
multicomponent garnet single crystals. Temperature dependence of Gd*>" emission intensities as well as decay
kinetics in Y3-,Gd.Als-,Ga,O12 (x,)=1,2,3) crystals point to the Gd**—Gd>*" nonradiative energy migration, which is
diffusion limited. Concentration quenching of Gd3" emission occurs by energy migration to accidental impurities
and/or structure defects. Temperature dependence of photoluminescence emission intensities and decay time
measurements of Gd** as well as Ce** ions in Gd;Ga3Al,012:Ce®" single crystal reveal nonradiative energy transfer
Gd**—Ce*" (including migration through Gd>* sublattice) which is responsible for slow Ce** fluorescence decay
component.
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Abstract:

The optical and scintillation properties of Ce3*-doped YGd,Als—.Ga,O12 (x=2,3,4) single crystals were investigated.
With increasing Ga content in the garnet host, the 5d; absorption and emission bands shift toward higher energy due
to the decrease in the crystal field splitting of the 5d levels. Temperature dependences of absorption and emission
spectra and of photoluminescence decays of both prompt and delayed components were measured. Light yield (LY)
and its dependence on an amplifier shaping time were measured under excitation with y-rays. High LY value of
38,000 photons/MeV was obtained for a YGd2Al:GazO1,:Ce sample. Scintillation decay was measured with an
extended dynamical and temporal scale under the nanosecond-pulsed soft X-ray excitation. The relative content of
the fastest component in the scintillation response increases with increasing Ga content.
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Abstract:

Cr-doped (Gd,Y1-+)3GasOi, crystals (x=0.00, 0.25, 0.50, 0.75 and 1.00) were grown by the micro-pulling-down
method and examined for their possible application as red and infrared scintillating detectors in medical field.
Although Cr:(Gdo.75Y0.25)3GasO12 and Cr:GdzGasOi, had similar X-ray diffraction patterns, other samples showed
some change in lattice constant. All the crystals had broad emission bands in the red and infrared region when
excited by either 450 nm photons or X rays. These bands were associated with *“T,—A, transitions. Moreover,
redshift of the emission-peak wavelengths (“T>—*A,) and absorption peaks (*A,—*T; and *T,) was observed with
increase of Gd content (x) in Cr-doped (Gd,Y1-x)3GasO12 due to the change of the crystal fields. The crystals had
scintillation emissions in the wavelength region suitable for the real time dose monitoring in radiation therapy.
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Abstract:

(Euo.01, Gdo.go, Lao.09)2Si207 (Eu:La—GPS) and (Tbo.o1, Gdo.go, La0.09)2Si207 (Th:La—GPS) crystals
were grown by the floating zone method, and their optical and scintillation properties were
investigated. Gd3*-to-Th3* or —Eu3* energy transfer processes were found, and photo-
luminescence and radio-luminescence emission spectra showed 5Do—7F; (i = 1-4) Eu3* transitions
in Eu:La—GPS, and 5Ds—"F; (= 3-6) and 5D+"F; (= 3-6) transitions in Tb:La—GPS. Using
these scintillators, alpha-ray imaging was possible with a CMOS camera. These materials can
be used for X-ray detection as well.

E-mail Address:

kurosawa@imr.tohoku.ac.jp

Site Address:
http://www.sciencedirect.com/science/article/pii/S0925346714006089

95



OPTICAL MATERIALS 47, 462, Published: SEP2015

Significant blue-shift in photoluminescence excitation spectra of Nd**:LaF3 potential laser
medium at low-temperature

Ren Arita®, Yuki Minami®, Marilou Cadatal-Raduban® ® ¢, Minh Hong Pham® ® ¢, Melvin John Fernandez Empizo?,
Mui Viet Luong?®, Tatsuhiro Hori®, Masahiro Takabatake®, Kazuhito Fukuda®, Kazuyuki Mori*, Kohei Yamanoi®
Toshihiko Shimizu?®, Nobuhiko Sarukura?, Kentaro Fukuda®, Noriaki Kawaguchi®, Yuui Yokotaf, Akira Yoshikawa®

a Institute of Laser Engineering, Osaka University, 2-6 Yamadaoka, Suita, Osaka 565-0871, Japan

b Centre for Theoretical Chemistry and Physics, Institute of Natural and Mathematical Sciences, Massey

University, Albany, Auckland 0632, New Zealand

¢ Institute for Academic Initiatives, Osaka University, 1-1 Yamadaoka, Suita, Osaka 565-0871, Japan

d Institute of Physics, Viet Nam Academy of Science and Technology, 10 Dao Tan, Ba Dinh, Hanoi, Viet Nam

e Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan

f New Industry Creation Hatchery Center, Tohoku University, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi

980-8579, Japan

Abstract:

Temperature-dependent optical properties of bulk Nd3+:LaFs crystals are reported. A blue-shift
in the photoluminescence excitation (PLE) spectrum is observed at 30 K. The 173.2-nm emission
peak wavelength at 300 K shifted to 172.8 nm at 30 K, consistent with the 6-nm blue-shift in
transmission edge and 2437-cm~! increase in the lowest energy level of the 4f25d configuration.
Thermal broadening of the 5d—4f emission bands with increasing temperature is also observed
as the dip at around 178.5 nm present at 30 K disappears at 300 K. A smaller spectral overlap
between the PLE and emission spectra is observed as temperature is decreased. Our results
suggest that absorption cross-section at the peak fluorescence wavelength is expected to
decrease at 30 K.
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Abstract:

Eu doped BaCly/LiF eutectics were grown by the micro-pulling down method and their
directionally solidified eutectic (DSE) system has been investigated. The grown eutectic showed
main phases of cubic LiF and orthorhombic BaCls. In these eutectics, the 399 nm emission of
Eu?* 4f5d was obtained. It shows the intrinsic decay time of about 410 ns. The light yield of the
1-mm-thick eutectic showed 7000 ph/5.5 MeV alpha-ray.
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Abstract:

The Nd-doped, Gd-doped and doubly Nd, Gd-codoped BaLui,YosFgs (BaLuYF) and LuF3 single crystals were
grown by a micro-pulling-down method. Their photoluminescence, radioluminescence and alpha-ray-excited pulse-
height spectra were studied in the vacuum-ultra-violet (VUV) region to confirm their possible application as fast
VUV scintillators. Complementary photoluminescence measurements in the ultra-violet/visible spectral region were
performed as well. The possibility of scintillation performance improvement by Gd codoping was tested. The overall
scintillation efficiency of BaLuYF:Nd1% was comparable to that of the LaF3:Nd8% reference sample and only
slight improvement was observed after Gd1% codoping. The positive effect of Gd codoping was confirmed for
higher dopant concentrations. This was explained by an energy transfer from the high-energy Gd*" 4f 2G(0)7 level
to the Nd3* 5d state. On the other hand, pulse-height spectra showed degradation of the light yield under alpha-ray
excitation, which was explained by introduction of slow components due to Gd codoping. On the other hand, no
positive effect of Gd codoping was found for the overall scintillation efficiency of Nd-doped LuFs, despite the same
energy transfer process was confirmed. Slight improvement of the light yield under alpha-ray excitation was
confirmed.
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Abstract:
The timing characteristics of scintillation response of Czochralski-grown Gd;Al,Gaz01,:Ce and Gd3Aly 6Ga, 4012:Ce
single crystals were compared. The photoelectron yield, scintillation decay times, and coincidence time resolution
were measured. At 662 keV y-rays, the photoelectron yield of 6200 phe MeV ™! obtained for Gd;Al,Ga;012:Ce is
higher than that of 4970 phe MeV ! obtained for Gd;Al,¢Ga,4012:Ce, while an inferior energy resolution of the
former (7.2% vs. 5.6%) is observed. Scintillation decays are approximated by sum of exponentials with the
dominant fast component decay time and its relative intensity of 89 ns (73%) for Gd;Al,Ga3O12:Ce and 136 ns
(69%) for GdsAl>¢Gaz 4012:Ce. The coincidence time resolution obtained for Gd3Al,GaszO12:Ce is superior than that
of Gd3Al»6Gaz4012:Ce. The normalized time resolution was also discussed in terms of a number of photoelectrons
and decay characteristics of the light pulse.
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Abstract:

(Gdo.75,Ceo.015,La0.235)2S1207 (Ce:La-GPS) single crystals co-doped with 0, 100, 200, 500 and 1000 ppm Zr were
grown by the Czochralski process, and their scintillation properties were investigated. We investigated the co-doping
effect of a stable tetravalent ion in Ce:La-GPS for the first time. The scintillation decay times in the faster
component were shortened with increasing the Zr concentration. While the non-co-doped sample showed ~63 ns day
time, the Zr 100, 200, 500 and 1000 ppm co-doped samples showed ~61, ~59, ~57, ~54 ns, respectively.
Additionally, light output, photon nonproportional response (PNR) and other optical properties were investigated.
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Abstract:
We have investigated LisSiO4 scintillation crystals for their possible application in neutron detection due to high Li
content and low density of 2.35 g/cm’. The micro-pulling-down method employing the Ir crucible and afterheater
was optimized for crystal growth of Li4sSiO4 taking into account the Li evaporation. To grow high-quality crack-free
single crystals, the heating power was increased to establish milder temperature gradient, thicker meniscus, smaller
crystal diameter and resulting smaller stress in the as-grown crystals. The undoped, Ti-, Cr-, and Al- doped crystals
were prepared and studied. Radioluminescence measurements under X-ray excitation showed quite high overall
scintillation efficiency of the Ti-doped sample reaching as high as 250% of that of Bi4Ge;O1 reference scintillator.
The emission spectrum was dominated by one broad band peaking at 350 nm related to Ti*" impurity. Reasonable
light yield of 10000 photons/neutron was found. However, its long decay time of 54 pus might be a limitation
especially for high counting rate applications. The overall scintillation efficiency of the Cr** sample was much lower
and the spectrum shows one broad peak at 463 nm which does not correspond to Cr3* luminescence. The
radioluminescence spectrum of the Al-doped sample resembled to that of the Ti-doped one, just its magnitude is
considerably lower, which was explained by Ti contamination. Peculiarities and optimization of crystal growth and a
preliminary sketch of luminescence mechanisms and dopant incorporation are discussed.
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Abstract:
1300 or 1400 °C pre-sintered Al/Ce/Mg:SrHfO3; and Al/Ce:SrHfO; ceramics were prepared by the Spark Plasma
Sintering (SPS) in order to search for a new scintillation material with a high—effective atomic number(Z.s) and
good light output. The SrHfOs3 has a high Z.x of 60, and high gamma-ray detection efficiency is expected.
Meanwhile it has a high melting point of over 2500 °C, and single crystal is hard to be grown. On the other hand,
high melting materials can be prepared as ceramics, and the SPS method is a simple process to fabricate the
ceramics within a few hours. Thus, we prepared the samples using the SPS method, and their optical and
scintillation properties were investigated. We found that Al/Ce/Mg:SrHfO3; and Al/Ce:SrHfO; ceramics had an
emission wavelength at around 400 nm originating from 5d—4f transition of Ce**. Moreover, Al/Ce/Mg:SrHfOs pre-
sintered at a temperature of 1400 °C had a light output of approximately 5,000 ph/MeV. In this paper, the light
output of Mg-co-doped samples was improved compared with the Mg-free ones. The light output also depends on
the pre-sintering temperature.
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Abstract:

The ns-type metal elements (Pb and Sn) doped LiCaAlFs single crystals were grown by a micro-pulling-down (.-
PD) method. Pb doped LiCaAlFs [Pb:LiCAF] crystals showed high transparency and single phase of the LiCAF
structure. However, we could not obtain Sn:LiCAF crystals due to the evaporation of SnF» during the crystal growth.
There was an absorption peak around 193 nm in the transmittance spectrum of Pb:LiCAF crystal. In the
radioluminescence spectrum of the Pb:LiCAF crystal under X-ray irradiation, two emission peaks around 200 and
830 nm were observed.

E-mail Address:

chieko@imr.tohoku.ac.jp

Site Address:
http://www.sciencedirect.com/science/article/pii/S1350448716300567

103



RADIATION MEASUREMENTS, 90, 153, Published: JUL2016

Luminescence and scintillation response of YGd2Al2Ga3012:Ce and LuGd:AL,Ga3012:Ce
scintillators

Warut Chewpraditkul?, Nakarin Pattanaboonmee?®, Weerapong Chewpraditkul®, Kei Kamada® ¢, Akira Yoshikawa®e¢,
Martin Nik14

a Department of Physics, King Mongkut's University of Technology Thonburi, Bangkok 10140, Thailand

b IMRAM, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan

¢ NICHe, Tohoku University 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan

d Institute of Physics, AS CR, Cukrovarnicka 10, Prague 16253, Czech Republic

Abstract:

The luminescence and scintillation properties of YGd,Al,GazO12:Ce and LuGd,Al,GaszOi2:Ce single crystal
scintillators were compared. The light yield (LY) and energy resolution were measured using R6231 photomultiplier.
At 662 keV y-rays, high LY value of 37,900 ph/MeV and energy resolution of 7.0% obtained for YGd,Al,Ga3012:Ce
are slightly better than the values of 35,400 ph/MeV and 7.6% obtained for LuGd,Al,GazO1,:Ce. The ratio of LY
values under excitation with a- and y-rays (o/y ratio) was also determined. The LY dependence on amplifier shaping
time was measured in order to investigate the timing characteristics in the scintillation response. The estimated
photofraction in pulse height spectrum of 662 keV y-rays and the total mass attenuation coefficient at 662 keV -
rays were also determined and compared with the theoretical ones calculated using the WinXCom program.
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Kudo?, Kei Kamada® ¢, Shunsuke Kurosawa®°, Andrey Medvedev?, Vladimir Kochurikhin® ¢

a Institute for Materials Research (IMR), Tohoku University, Sendai 980-8577, Japan
b New Industry Creation Hatchery Center (NICHe), Tohoku University, Sendai, Japan
¢ C&A Corporation, 6-6-40 Aramaki Aza Aoba, Aoba-ku, Sendai 980-8577, Japan

d General Physics Institute, Vavilov Street 38, Moscow 119991, Russia

Abstract:

Growth of 2-in. diameter Al-substituted Ca3TaGa3Si,O14 crystals by Czochralski method is reported. The crystals
were grown from the melt of CasTaGa, sAl;sSi,014 composition and had langasite structure. No inclusions of
secondary phases were detected in these crystals. The CaszTa(Ga,Al);Si,O14 mixed crystals produced using non-
substituted Ca3TaGa3Si>014 seeds were defective. They had cracks and/or poly-crystalline structure. However, those
grown on the seed of approximately CasTaGaisAlisSi2014 composition were defect-free. Phase diagram of the
Ca3TaGa3Si,014—CaszTaAl3Si,O14 pseudo-binary system and segregation phenomenon are discussed in some details.
Homogeneity of the crystals was evaluated by measuring 2D-mapping of leaky surface acoustic wave (LSAW)
velocities for Y-cut CasTaGa, sAli5Si,014 substrate. Although some inhomogeneities were observed due to slight
variations in chemical composition, the crystal had acceptable homogeneity for applications in acoustic wave
devices exhibiting the LSAW velocity variation within =0.048%
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Effects of Na and K co-doping on growth and scintillation properties of Eu:Srl: crystals

Tomoki Ito?, Yuui Yokota®, Shunsuke Kurosawa®®, Robert Kral®, Jan Pejchal™® Yuji Ohashi®, Kei Kamada® ¢, Martin
Nikl®, Akira Yoshikawa® 4
a Institute for Materials Research, Tohoku University 2-1-1, Katahira, Aoba-ku, Sendai, Miyagi, 980-8577, Japan
b New Industry Creation Hatchery Center (NICHe), Tohoku University 6-6-10, Aramaki, Aoba, Aoba-ku, Sendai,
Miyagi, 980-8579, Japan
c Institute of Physics AS CR 10 Cukrovarnicka, Prague 6, 16200 Czech Republic
d C&A Corporation 6-6-40, Aramaki, Aoba, Aoba-ku, Sendai, Miyagi, 980-8579, Japan

Abstract:

We grew Na and K co-doped Eu:Srl, [Na,Eu:Srl; and K,Eu:Srl,] crystals by a modified micro-pulling-down method
to reveal the co-doping effects on the crystal growth and scintillation properties. The non-codoped, Na0.5%,
Nal.0%, K0.5% and K1.0%,Eu:Srl; crystals indicated high transparency while the milky parts were generated in the
Na5.0% and K5.0%,Eu:Srl, crystals. The light yields of Na,Eu:Srl, and K,Eu:Srl; crystals under y-ray irradiation
were decreased by the Na and K co-doping. On the other hand, there was a small change within 940-1020 ns in the
decay times by the Na and K co-doping. In the light yield proportionality under y-ray irradiation, the non-
proportionality in the low energy region was improved by Na and K co-doping.
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Optical and scintillation properties of Sr3BGasSi2014 (B = Nb, Ta) single crystals
Yuui Yokota?, Tomoki Ito®, Shunsuke Kurosawa?, Yuji Ohashi®, Kei Kamada?®, Akira Yoshikawa® % ¢
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b New Industry Creation Hatchery Center (NICHe), Tohoku University, 6-6-10, Aramaki, Aoba, Aoba-ku, Sendai,
Miyagi, 980-8579, Japan

¢ C&A Corporation, 6-6-40, Aramaki, Aoba, Aoba-ku, Sendai, Miyagi, 980-8579, Japan

Abstract:

Optical and scintillation properties of Sr3NbGasSi,014 [SNGS] and Sr3TaGasSi»O14 [STGS] single crystals with the
langasite-type crystal structure were investigated as a novel scintillator materials. In the transmittance spectra of the
SNGS and STGS polished specimens, absorption peaks around 380 and 505 nm were observed and the absorptions
are considered to be attributable to the excess oxygen in the crystals. An emission peak around 420 nm was observed
in the X-ray radioluminescence spectrum of the SNGS crystal. On the other hand, there was an emission peak
around 335 nm in the X-ray radioluminescence spectrum of the STGS crystal.
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Large Size Czochralski Growth and Scintillation Properties of Mg?** Co-doped
Ce:Gd3GasALO12

Kei Kamada!, Yasuhiro Shoji?, Vladimir V. Kochurikhin?, Aya Nagura®, Satoshi Okumura®, Seiichi. Yamamoto®,
Jung Yeol Yeom®, Shunsuke Kurosawa!, Jan Pejchal', Yuui Yokota!, Yuji Ohashi?, Martin NikI®,
Masao Yoshino!, and Akira Yoshikawa'

1. New Industry Creation Hatchery Center, Tohoku University, Sendai, Miyagi, Japan

2. C&A corporation, Sendai, Miyagi, Japan

3. Institute for Material Reseach, Tohoku University, Sendai, Miyagi, Japan

4. Graduate School of Medicine Department of Radiological and Medical Laboratory Sciences, Nagoya University,
Higashi-ku, Nagoya, Japan

5. Korea University, Seongbuk-gu, Korea

6. Institute of Physics AS CR Cukrovarnicka 10, Prague, Czech Republic

Abstract:

The 3 inch size Mg co-doped Ce : Gd3Al,Ga30,, single crystals were prepared by the Czochralski (Cz) method.
Absorption and luminescence spectra were measured together with several other scintillation characteristics, namely
the scintillation decay and light yield to reveal the effect of Mg co-doping. The timing resolution measurement for a
pair of 3 x 3 x 3 mm? size GAGG:Ce.Mg scintillator crystals was performed using Si-PMs.
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Single Crystal Growth of Cerium and Praseodymium Doped YCasO(BO3)3 Scintillator by
Micro-Pulling Down Method

Kei Kamada', Shunsuke Kurosawa!, Yuui Yokota!, Jan Pejchal?>, Yuji Ohashi®, Masao Yoshino?, and Akira
Yoshikawa!*

1 New Industry Creation Hatchery Center, Tohoku University, Sendai, Miyagi, Japan

2 Institute of Physics AS CR Cukrovarnicka 10, Prague, Czech Republic

3 Institute for Material Reseach, Tohoku University, Sendai, Miyagi, Japan

Abstract:

Ce and Pr doped YCOB single crystals were grown by the micro-pulling down (u—PD) method and characterized as
for the structure and chemical composition. The expected 420 nm emission of Ce*" 4f-5d has been observed in
Ce:YCOB. Pr:YCOB shows broad emission spectrum peaking around 350 nm and this emission can be well
ascribed to the 5d—4f emission of Pr’* Luminescence and scintillation characteristics of these crystals

were also investigated
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Japan

3 Departamento de Fisica, MALTA Consolider Team, Instituto Universitario de Estudios Avanzados en Fisica
Atémica, Molecular y Fotonica (IUdEA), and Instituto Universitario de Materiales y Nanotecnologia (UMN),
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4 C&A Corporation, Sendai 980-8579, Japan.

5 Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Sendai 980-8577, Japan.

6 Materials Physics Center CSIC-UPV/EHU and Donostia International Physics Center, 20018 San Sebastian,
Spain.

Abstract:

This work explores the room temperature infrared random laser (RL) performance of Nd*' ions in a new
stoichiometric Nd3GasO1; crystal powder. The time-resolved measurements show that the RL pulse is able to follow
the subnanosecond oscillations of the pump pulse profile. The pump threshold energy and the absolute stimulated
emission energy have been measured using a method developed by the authors. The laser slope efficiency is the
highest compared to other Nd** stoichiometric RL crystals.
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Improvement of scintillation properties on Ce doped Y3AlsO12 scintillator by divalent
cations co-doping

Aya Nagura!, Kei Kamada??®, Martin Nikl*, Shunsuke Kurosawa'?, Jan Pejchal®*, Yuui Yokota?, Yuji Ohashi! and
Akira Yoshikawa!?3
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4 Institute of Physics AS CR, 16253 Prague, Czech Republic

Abstract:

The Mg co-doped Y3Als012:Ce single crystal scintillators were prepared by micro pulling down method in a wide
concentration range 0-3000 ppm of Mg co-dopant. Absorption and luminescence spectra were measured together
with several other scintillation characteristics, namely the scintillation decay, light yield to reveal the effect of Mg
co-doping. The scintillation decays were accelerated by Mg co-doping. The Mg co-doped samples showed much
faster decay with increasing Mg.
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The Stable Ce** Center: A New Tool to Optimize Ce-Doped Oxide Scintillators

Martin Nikl?, Vladimir Babin? Jan Pejchal®, Valentin V. Laguta®, Maksym Buryi®, Jiri A. Mares®, Kei Kamada®,
Shunsuke Kurosawa®, Akira Yoshikawa®, Dalibor Panek¢, Tomas Parkman¢, Petr Bruza?®, Klaus Mann¢, and Matthias
Miiller®

a Institute of Physics AS CR, Prague, Czech Republic

b New Industry Creation Hatchery Center, Tohoku University, Sendai, Japan
¢ Institute for Materials Research, Tohoku University, Sendai, Japan ¢

d FBME, Czech Technical University, Kladno, Czech Republic

e Laser Laboratorium Géttingen e. V., Gottingen, Germany

Abstract:

The role and effect of stable Ce*" centers in Ce-doped LuAG single crystal scintillator is further studied by means of
measurements of several optical, luminescence and scintillation characteristics. Two LuAG:Ce single crystal
samples are compared: in one of them the dominating Ce* " center is stabilized by high concentration Mg?* codoping
while the other one shows only the presence of stable Ce* " center. Tailored (Eu, Mg)-doped LuAG single crystal is
also prepared to test the presence and thermal stability of hole traps in the host which affect the timing
characteristics of Ce*" scintillation cycle, namely its restoration back to 4+ charge state in last step of the cycle. EPR
experiment was also employed at Mg- and (Eu, Mg) doped LuAG samples and the signature of the O hole center
stabilized by Mg?* ion was clearly obtained.
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Growth and Luminescence Properties of Eu:Srl: Single Crystals Prepared by Modified
Micro-Pulling-Down Method

Robert Kral?, Vitézslav Jary?, Jan Pejchal?, Shunsuke Kurosawa®, Karel Nitsch?, Yuui Yokota®, Martin Nikl?, and
Akira Yoshikawa®

a Institute of Physics AS CR, Prague 6, Czech Republic
b Institute for Materials Research (IMR), Tohoku University, Aobaku, Sendai, Japan
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Abstract:

This paper reports on the preparation and growth of Eu-doped strontium iodide (Srl,) single crystals by modified
micro-pulling-down method. Influence of the Eu? * and Eu® * (introduced in form of Eul, and EuCls) on the
luminescence and scintillation properties is analyzed. Sufficient optical quality of prepared single crystals was
obtained allowing further characterization of their absorption, radio- and photoluminescence spectra.
Photoluminescence and scintillation decay time of grown Srl crystals irradiated under y-ray source were evaluated
as well.
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Temperature-dependent evaluation of Nd:LiCAF optical properties as potential vacuum
ultraviolet laser material

Yuki Minami?, Ren Arita®, Marilou Cadatal-Raduban® % ¢, Minh Hong Pham® ® ¢, Melvin John Fernandez Empizo?,
Mui Viet Luong?®, Tatsuhiro Hori®, Masahiro Takabatake?, Kazuhito Fukuda®, Kazuyuki Mori*, Kohei Yamanoi®
Toshihiko Shimizu?®, Nobuhiko Sarukura?, Kentaro Fukuda®, Noriaki Kawaguchi® Yuui Yokota® Akira Yoshikawa® f
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f New Industry Creation Hatchery Center, Tohoku University, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi
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Abstract:

We investigate the temperature-dependent optical properties of Nd**-doped LiCaAlFs (Nd:LiCAF) in the vacuum
ultraviolet (VUV) region. The 172-nm absorption edge does not seem to experience any significant blue shift as
temperature is decreased from room temperature down to 30 K. This is confirmed by excitation spectra for the same
temperature range. Several energy levels in the excited state configuration are observed. Based on these energy
levels, the dominant emission peak at 177 nm is assigned to the allowed dipole transition from the 4f25d
configuration of Nd*" and the *I,12 level of the 4> ground state configuration. The position of the dominant 177-nm
emission peak appears to be fixed across the temperature range considered. Our results suggest that the spectral
overlap between the excitation and emission spectra should not increase as temperature is raised, possibly making
Nd:LiCAF a potential VUV laser gain medium operating at room temperature.
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Method
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