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Preface

Dear Colleagues,

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 have prepared the Annual Report as an electrical version so as to save
couple of trees necessary for the paper production and to make it easier for you to access the copy of the
Report at any time when you have your computer in your hands.

It contains a summary of our research activities and selected papers published in FY2014. Current issue
covers our progress within academic year from April 2014 to March 2015. Within this period we had
continued development of our basic technologies considering both practical and fundamental points of view.
Some of our achievements are summarized below:

= Further progress in studies of Ce: GAGG crystals for their application as gamma-ray scintillators. It

should be noted that the performance was further enhanced by divalent ion codoping and explained
by the stabilization of Ce™" center and its participation in scintillation mechanism. This strategy
appeared successful in case of aluminum garnets and orthosilicates. Food survey monitoring system
and gamma camera for environment inspection are under development.

= [Establishment of crystal growth technology of halide materials. As an example, Eu:Srl, crystals

were grown by the micro-pulling down method including crystals of one inch in diameter.

= Development of La-substituted GPS crystal that has exceptionally high temperature stability.

= Bulk crystal growth of langasite type crystals. Al-substituted CNGS and CTGS crystals are studied

for their application in oscillators, resonators, and combustion pressure sensors. The homogeneity as
well as material constants were evaluated by the UMS technology.

Our long term strategy is to develop chains of research capabilities that connect three areas of expertise
including (1) materials production (crystal growth and solid-state synthesis), (2) materials physics and
characterization, and (3) application of the materials in contemporary devices. Such chain was already built
for the scintillating materials. Now we are on the way to apply this strategy to piezoelectric materials.

Our projects are always supported by our colleagues from all over the world, and we note that this
collaboration is in most cases very successful. The details of their contribution can be found in the papers
published within the above period and included into the Report.

Many 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 will do our best to contribute to the human happiness in order to return a favor from all of you.

Akira YOSHIKAWA

/£ﬂ}j

Professor,

Institute for Materials Research (IMR), Tohoku University

New Industry Creation Hatchery Center (NICHe), Tohoku University
March, 2015
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Research Activities in 2014

Development of
scintillators, lasers, piezoelectric crystals
and crystal growth technology

Int’] collaboration
Inst. Phys. (Czech), Pisa Univ. (Italy), Milan-Bicocca Univ. (Italy),
Ecole Polytechnique (France), Univ. Lyon 1 (France), General Physics Inst. (Russia)
Soltan Institute for Nuclear Studies (Poland), Delft Univ. (New Zealand)

Fluoride Oxide
Scintillators Scintillators
PEM
Neutron imager, PET/MRI
VUYV scintillator Dosimeter

Multidisciplinary Research

Halide for Transparent

i ‘ Ceramics
CINtliatlors — «Crystals” and “Ceramics”  Scintillators
Survey meter

G-PMT, APD, MPPC,

Resonator, MSGC, GaN, ...
Combustion sensor,

SAW filter, ...

Piezoelectric Development of
Crystals new photodetectors

Univ., National Inst.

Univ. of Tokyo (Kamiokande, Takahashi Lab.), Kyoto Univ. (Tanimori Lab),
Osaka Univ. (Sarukura Lab), Nagoya Univ. (Iijima Lab, Uritani Lab, Iguchi Lab),
Hiroshima Univ. (Fukazawa Lab), Kyushu Univ. (Ishibashi Lab), JAEA (Fukushima headquarters)

Company

Tokuyama, Furukawa, TDK, Hamamatsu Photonics, Canon, Mitsui Kinzoku,
Chiyoda Technol, Nihon Kessho Kogaku, Hitachi-Aloka Medical, Pony Industry, Oxide, GES
Tanaka Kikinzoku Kogyo, Furuya, Star seiki, TEP, Toei Scientific Industrial



OXIDE SCINTILLA

vy—ray detection
(PET, SPECT, Gamma—camera, 0il logging)

Ce:GAGG Ce:Gds3(Ga,Al)s5012

Cerium doped gadolinium aluminum gallium garnet

GAGGL U FL—4 + APD |

B (RELR)
:10x10xSmm?*

| 2RE (RARK)
:10x10x10mm?

Cz_'grown_ |
(2'inch. dian

(20,20)

GAGG equipped gamma camera = (2020
on unmanned helicopter
succeeded in mapping the
radioactive Cs at Fukushima.

Point Source Position Unit: degree

Reference: http://www.jst.go.jp/pr/announce/20140905/index.html

Ce:La-GPS Ce:(La,Gd)2Si207
Cerium doped lanthanum admixed gadolinium pyrosilicate

105 | —
Cz grown crystal | xa
g = | 662 keV
/// Py \ ,l///I/////// < 10° absorption peak
/ " s S - A N/ E escape peakH \
“ o iod & . _ X - 2103_ ib
& 10
N\ (~a OH(I)%T)Sﬁt}tI\X:ae\I;)jan ] 7/ 0 200 400 600 800 1000 1200 1400
’ ' MCA channel
S — high energy resolution — CA channe

(~5% FWHM) for 662 keV

Good thermal stability until high



Fluoride scintillators

VUV scintilltors
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Transverse cross-section

(a)

Eu doped CaF,/Li;AlF eutectic crystal

B oo B 10w B

(natrix) Vertical cross-section along the growth direction

Visible light (i

Intensity / a.u.

300 400 600
Wavelength, A/ nm

Electron diffraction pattern from [001]
incidence direction of b) CaF2 rod phase

Counts / Channel
Intensity / a.u.




nigller? selnalieers

Aim of this work was to prepare new halide materials for radiation detectors
(scintillators and photodetectors) and study their optical properties. Single crystals
of In:Srl,, Sn:Srl,, Eu:Srl,, Pr:CeBr;, were prepared by the atmosphere-controlled
modified micro-pulling-down (u-PD) method and by the vertical Bridgman method.

Experimental arrangement of halide p-PD machine.

High-frequency induction coil

Mett of sumng Material

, Insulator(Alumina)
/Highfrequency
nduction Coil

After Heater
(Carbon) I | 7R

Gate vaive

. Setting of

Crystal ) g N
_ v Removable chamber experiment

growin _

[Hal]des }

Crystals prepared by micro-pulling-down method

T T T T : T
Pr‘3 445 ]

Pr 1mol% : CeBr,

== Pr Imol% : C¢Bry F
— Pr Smol% : CeBry
w' — Pr 10mol% : CeBr; §
— Ce lmol% : GSO

— Prlmol% : CeBry
— Pr3mol% : CeBry
\. —— Pr10mol% : Celr

500 350 600 650 ToO
| Wavelength / nm
il Cel=5d4f n
| = Pr Imol% : CeBry
= PrSmol% : CeBr;
— Prl0mol%: CeBr; | 10'

750

Intensity / a.u.
Counts / a.u

mim Smm

Pr 10mol% : CeBr.
JIJ7* IFey

Intensity / au.

i4L‘i0 Sf‘lD 6(‘)0 7(‘)0 800 W 0 00 1o 15t 2000 2500 ;'0 o . T"ERTY. 20

Wavclength / nm S 7 fimo fasce.
As grown Pr¥*:CeBr, single crystals prepared by p-PD method doped with Pr3* in nominal concentrations 1, 5, and 10
mol%. Crystals were characterized by measuring the photoluminescence emission spectra (A,,=340 nm), pulse height
spectra (y-ray source '37Cs at 662 keV), and scintillation decay time.

T T T T |==Bi Ge O _ (BGO)
Growth of Srl, crystal by p-PD 66_Srl,, undoped 61_1%In:Srl, L Eaichet
= S aG s T61_1%In":SrT,
carbon crucible o - b \ e i =7 65_1%Sn™Sr1,
solid-liquid interface % ----- 66_Srl_, undoped
= 2
I I
62_0.5%In*5rl, E‘3,2 10* |
single crystal E
<
Srl, single crystals doped with ns? ions (In* and Sn?*) 2 i
were grown by the p-PD method. Radioluminescence 8000 |
spectra were measured showing one broad emission

320 400 480 560 640 720
Wavelength [nm]

band at 510 nm related to the Srl, host.

Crystals grown by vertical Bridgman method using modified p—PD furnace
Ew:Srl, single crystals
were grown by vertical NN -
Bridgman method using \\\\\\\\\\\\\
modified p-PD furnace. |\

-~ Light yield for Eu3%:Srl,
weeear | regached of 78,000 ph/MeV

Pump

with energy resolution of -
4.4 % at 662 keV. " As grown Polished

Eu3%:Srl,




Transparent ceramic scintillators

Introduction
Advantages of ceramics

»Better chemical uniformity than single crystals.

»Can be produced with high dopant concentration.

»>Economical especially for high-melting materials.

»>Defects present in single crystals due to high melting

temperature (for example anti-site defects in Lu;Al;O,:Ce lead

to sub-microsecond slow components in scintillation decay)

LUAG:Ce0.12%

prompt and delayed component

PL decay, exc =335 nm
Scint.decay, exc = 511 keV

intensity [arb.units]

Anti-site defect (Lu
resides on
octahedral Al site)

0.001

100 200 300 400 500 600 700

time [ns]

Antisite-defects absent in ceramics — submicrosecond
components also expected to be absent

Lu,Al;0,, :Ce(LUAG:Ce) nanoceramics

LUAG:Ce Nanopowder prepared by unique radiation-
induced precipitation 20-60 nm size, Ce concentration
around 1.5 mol%

(see J. Barta, V. Cuba et al.: J. Mater. Chem., 2012, 22,
16590 for details)

Napowders sintered by SPS at 1700C at 100MPa
pressure for 45 minutes.

Sintering temperature 1700C

Rapid pre-heating to 1000C in 4 min

LuAG samples sintered by SPS method

LUuAG undoped — small amount of pores, large grains

Spark plasma sintering(SPS), Collaboration with Goto lab, IMR

Advantages of SPS
> A rapid consolidation rate appropriate for densification of variety
of ceramics.

»Highly reductive condition due to carbon die and punch and vacuum
environment.

»>High degree of densification.

Sambie Carbon sheet

DC
pulse
oscillati
ons

Carbon die

Experimental methodology of SPS

Backscattered electron images (BSE)

00 BSECOMP

LUAG:Ce — large amount of pores, no grains apparent

Photoluminescence decay kinetics

5 LUAG:Ce nano Ex=205nm Em=313nm

10 LuAG:Ce nano Ex=452 nm, Em=520 nm

Intensity (arb. units)

LuAG undoped

- e

=)
=3
1S3

|1=7276exp(-t/7.8us)+
+43exp(-t/149us)+4.4

Intensity (arb. units)
3
8

=)

-transparent! ; ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ) ‘ ‘
1210° — . . . . . . 40 80 120 160 200 240 280 320 ! 0 100 200 300 400 500 600 700 800
Time (us) Time (ns
11000 :EUGA% undop ng| 313nm defect emission under band-to-band excitation
——LuAG:Ce nano (193nm) — slower components related to other complex Ce® emission under direct excitation (452nm)
7 g1ool defects
: Samples from nanopowder sintered with rapid pre-heating:
g .l — - - :
S 610 Radioluminescence intensity Undoped sample clearly transparent, few pores, large grains
% for the nanopowder ceramic 5 z
5 a0l times higher of that of the Ce-doped sample opaque, many pores, no grains
= Bi,Ge;0;, standard distinguished
210°p scintillator! Different nature of defect luminescence when compared to
0 ‘ Defect emission observed for samples prepared without rapid preheating
240 320 400 480 560 640 720
Wavelength fom] both samples at 313 nm
9!
J. Pejchal et al., WGMSC1 2014, Shanghai, China
Ce:SrHfO,
1 e B
: . / . Radioluminescence
Hf : High Z, but high , go.a?e/A"BaHf of other Ce-doped
i i - hafnati rami
melting point. g oo afnate ceramics
Crystal growth gt
i i 10 mm £ 04r
the 5PS method. . IINNNNA o HE
E e SrHfO;:Ce Und 3iJV [
. - Inder Y - W Sy B
Sintered SrHfO,:Ce  after annealing it T BT SRt
Wavelength [nm]




Photodetectors

We investigate radiation response of our scintillators using a photomultiplier tube and
semi-conductor in a specially designed temperature chamber.

1, Pulse-height Measurement System

We use several photo-detectors for pulse height measurements.

» PMT (Photo multiplier tube)

v' Ultra and super —bialkali (UBA and SBA)
PMTs for basic measurement and applications
v" Ruggedized PMTs for oil well logging
v' Multi-anode PMTs for medical imaging or other Ultra Bialkali (UBA)
exciting fields R7600U-200

» APD (avalanche photodiode)

v' High quantum efficiency (up to ~80%)
v" Wide sensitive range
(ex: 320 -1000 nm for S8664 HPK) wa e, e

» MPPC (Multi-Pixel Photon Counter)

v" Photon counting
v" multi-channel MPPC (MPPC array)

‘poocd o 000®
540000 0 000N
p008d g g0b
000009 9008 |
T 3 & § & |

xg;"oo. 0900w
00 ¢40 9 so0 Y

06" 450" 500 "

o8
g

MPPC array

2, New Spectrometers

We have developed new spectrometers with a wavelength dynamic rage for emission
spectra from VUV to near Infra-red

80
Cr:YAG
Cr:YGG
Cr:Gd25GGG

BAALAEORLY (e are wasany

600 650 700 750 800
Wavwvalanath (nm)




Piezoelectri

¢ Single Crystals

Target area of resonators /Developmen t and evaluatlon of C .GAS

MR

= )\ AFERIE
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low frequency

Wide
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-50 25 o o5 =0 5 00
\ Tepmeratur (] FREQUENCY

_
R g

Ultrasonic Micro-Spectroscopy

| low impedance | technology piezoelectric characterlstld

| application

Smaller, low-power consumption, rapid booting \
and high electro-mechanical coupling resonator

(T Development for new type resonator \/ Energy harvester using )
cillation energy

Oscillation
0SC1 & 2
ation
Electrode
Piezoelectric
material

J

Clean energy harvester

Crystal growth by Cz method

CazTa(Ga,.xAly);Si,O4, crystals
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Characterization by the UMS technology

LSAW velocities measured for Y-cut CTGAS(x=0.50)
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Temperature dependence of resonant frequency for
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H CRYSTAL GALLERY I

OXIDE

< Garnet type >
7

Lol (cm)
00T 0l w2l0F 3.0 40

Y3A150] 2 Yb :Y3A1501 2 L“3Ga501 2

. s IO T ]
G (i 55 Do 05),G2:0 e
Lu3A150]2
T AR ;

SRS |
HOZLH3A]50]2 Tm:Lu3A]501 2 Gd3Lu2Ga3012 ‘Ill lulmqn_u ““ll.wIM
Y,;Gas0,,

;71

Ce:Lu,;Al0,, Nd:Lu,;Al50,, Pr:Lu;Al;0,,

!llll})llllllillili




< Garnet type >

T, Tt O Ty ¥y ARG ——

Totoatife—
0 5 10 5 10 ‘ '||||||mlllmmmmmlunnnmur
L L L L teey ) O 0 o | 30,5 40 ] Th, 5Y05SCA10;,
Tb; , Tm,Al;Oy, Tbs. bexAlsolz Tb, 5Ybg 5S¢,AL0,

— PombenAlOr—— < llmemte type >

Lllllllllll

o i
I|||l||||

sz 25C;, 8Al3012 Tby,Sc, 1, ALOy,

-

< Perovskite type >
P R |

YA103 (Lu, Y)Alo3 KNbO3
= ThAMGy—n;
TbAIO, Tm:YAIO,

< Sesqmoxtde type >

T2

{a)Tm3*{0.5mol%):Y,0,

b

« Undoped 0.5% 59’ A
T
i T ATt (b)Tm**{0.5mal%):Sc,0

S¢,0,

m

(c)Tm™(0.5mol%):Lu,0,

undoped

Lu,0,4



CagLay PO, Ti:MgALO, MimMgA]l2©4
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Sapphire fibers
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Fe-Ni-Ga alloy fiber pfodu;:ed from carbon crucible (right) with conically shaped bottom
(Scale in mm)

Cuy,Al;;Mn,, alloy fiber produced from Al, O, ceramic crucible (right) with
spherically shaped bottom (Scale in mm)



Instruments in 2014
Growth Equipment (z-PD Method)
Fluorides (RF-Heated pu-PD System) -

Wee. | oK, MPD-HT
i k Anti-vibration system
- ’ “ Temperature ~ 2500°C

TDK, MPD-HT

Anti-vibration system
Temperature: ~ 2500°C
Atmosphere: Ar,N, ,H,,CF,,0,

| Toei scientific industrial co., 1td.
=/ | Temperature: ~ 1200°C
|| Atmosphere: Ar,N,,H,,CF,,0,




Oxides (RF Heated u-PD System)

11" \’

SAPOIN,
CNMPD
Anti-vibration system

Atmosphere: Ar,N,,H,,0,

TACHIBANA RIKO,
SCF-600M
Anti-vibration system
Temperature: ~ 2000°C
Atmosphere: Ar,N,,H,,0,

SRMRS A— - .
e
i A
|

]
==

{ =

i =
EI_-_E
I

TDK, M-PD2-A
Anti-vibration system

Temperature: ~ 2500°C
Atmosphere: Ar,N,,H,,0,

Sapoin 2
Anti-vibration system
Atmosphere: Ar,N,,H,,0,




Growth Equipments (Cz Method)
Fluorides (RF Heated Cz System)

5|

Nisshin Giken
Temperature: ~ 1600°C
Atmosphere: Ar,\N,,H,,CF,,0,

CYBERSTAR,
OXYPULLER 05-03
Heating system: RF
Vacuum: 30Pa
Atmosphere: Air, Ar, N,,0,
Temperature: ~2200°C

30kW-Cz

Heating system: RF
Atmosphere: Air, Ar, N,,
055 ‘
Temperature: ~ 2000°C




Sample Preparation

Fine cutting machine
HeiwaTechnica, HS-25A

Automatic lapping
polishing machine

Electric balance
Shimadzu

Diamond Wire Cutting Machine

New Metals & Chemical corporation




Measurement & Analysis Equipment

Nomarski-Type Differential
Interference Contrast Microscope

NIKON, Eclipse ME600,TYPE 120
Light Source: White light
DIC Microscope System
Magnification: X1000

Polarized microscope
NIKON, Eclipse, E600POL
Light Source: White Light
DIC Microscope System
Magnification: X500

NIKON, SMZ-U
Light Source: Halogen lamp

Horiba, EDX, EMAX X-act ,

Analyzer & Mapping & Point and : C |
ID & Broad Area SEM, Hitachi S-3400N

Automatic Analvsis



Thin Film HRXRD

RIGAKU

Rotary Type XRD
RIGAKU

B

Powder XRD
RIGAKU

Laue Camera
Rigaku
R-AXIS DS3

Piezoelectric Constant
Measurement System



Absorption and
Rigaku R-AXIS DS3C fluorescence spectrometer

=

UV-VIS spectrophotometer Si Avalanche
Shimadzu,UV-2550 Photodiode

‘Radiation measurement modules
(Light yield, Scintillation decay time)

2 | Spectrometer:
Photoluminescence & Decay
time




Measurements & Analysis Equipment
for Piezo-electrical Materials

L Density Measurement
- | System

Thickness Measurement
System
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Ultrasonic Material Characterization
System for Practical Use (Ver.5)

Ultrasonic Material
Characterization System
for General Use (Ver. 6)




Vacuum Evaporation System

Dilatometer

)/ N
2
=y L

ORION PAP01B

8

Dielectric and Impedance Measurements System



Furnaces & Ovens

Drying ovn

AS ONE, DO-450-V
Temperature: 100° C

Anneal furnace
- Nisshin-giken,
Temperature: ~1600°C

SiC furnace
Motoyama Super-C

DENKEN, KDF007F Max temperature: ~1450°C
Temperature: 1100°C



High Temperature Furnace = Muffle Furnaces
V&H Technology ISUZU, STR-12K

Tube Furnace
ALPHA
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Messages from foreign visitors
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Message for 2015 annual report from Robert Kral (Institute of Physics, Czech Academy
of Sciences, Prague, Czech Republic)

I have been visiting Prof. Yoshikawa’s laboratory, Institute for Materials Research (IMR),
Tohoku University, Sendai, Japan, continuously for short term stays since 2009 during a long
and very successful collaborative researcher of Prof. Akira Yoshikawa and Dr. Martin Nikl,
Institute of Physics, Czech Academy of Sciences, Prague, Czech Republic. However, in 2014,
I was awarded by Japan Society for the Promotion of Science (JSPS) by a fellowship
“FY2014 JSPS Postdoctoral Fellowship for Foreign Researchers, P14040” to conduct
research in Japan under the leadership of Prof. Yoshikawa for a period of 12 consecutive
months from April 2014 to May 2015.

During this stay, our research was focused mostly on preparation, growth, and study of
hygroscopic halide materials to investigate and to improve their luminescence and
scintillation properties. Preparation of strontium iodide single crystals doped with ns® (Sn**
and In") or Eu”" ions as well as of ternary halides (RbPb,Cls and KPb,Cls) was performed
using modified micro-pulling-down method. In total, more than 60 experiments of both the
preparation of starting materials as well as their crystal growth were conducted. Furthermore,
prepared single crystals were characterized by methods available in IMR (XRD, ICP, light
yield) and in the Institute of Physics (absorption, radioluminescence, photoluminescence,
decay kinetics).

My wife, Kristyna Kralova, joined me in Sendai in July 2014 and stayed here until April
2015. It was her first visit in Japan, so, her fascination of Japan reminded me my feelings and
impressions when I visited Japan for the first time. Together, we visited new places around
Sendai or other parts of Japan. Moreover, I am deeply grateful to Prof. Yoshikawa that he
gave a permission to my wife allowing her to access IMR to continue in her PhD studies here
Japan. Beside that we are very thankful to Kawaguchi-san, who helped us very much with
organizing all necessities related to arranging a moving of me and my wife to a new
apartment at the end of August 2014.

During my stay I presented results by oral or poster contributions at following
conferences: 6-IWCGT (June 15-19, 2014, Berlin, Germany, poster: “Growth and
luminescence properties of pure and RE-doped RbPb,Cls crystals prepared by vertical
Bridgman method”), 5-ISFM Summer symposium (August 7-11, 2014, Rizzan Seapark Hotel
Tancha-bay, Okinawa, oral: “Study of vertical Bridgman growth of halide materials™), 75-
JSAP Automn meeting (September 17-20, 2014, Sapporo, Japan, oral: “Crystal growth of
pure and Sn-doped Srl, by atmosphere-controlled micro-pulling-down method and its
luminescence and scintillation properties™), 44-NCCG (November 6-8, 2014, Tokyo, Japan,
poster: “Crystal growth of Srl,-based scintillators and characterization of luminescence
properties”), 6-ISFM Winter symposium (March 5-7, 2015, Hakodate, Japan, oral:
“Preparation, crystal growth, and luminescence properties of Srl, single crystals doped with
In(I) and Sn(II) ions grown by modified micro-pulling-down method”), and 62-JSAP (March
11-14, 2015, Tokai University, Kanagawa, Japan, oral: “Luminescence properties of Srl,
single crystals doped with s*-group ions grown by modified micro-pulling-down method”).

Hereby, I would like to express my acknowledgement to Ito(T)-san, Murakami-san, and
Nagura-san for perfect organization of 5-ISFM Summer symposium, August 7-11, 2014,
Rizzan Seapark Hotel Tancha-bay, Okinawa and of the secondary program. It was my first
visit to Okinawa as well as for my wife, who accompanied me, and beside of very interesting

36



lectures at the symposium, we enjoyed our stay at Okinawa very much. Due to colorful
program we could visit Okinawa Churaumi Aquarium, taste famous Okinawa pork ribs ramen,
and visit traditional Okinawa restaurants. Moreover, I would like to thank very much to Prof.
Yokota, who was during the stay our excellent guide and always watched over us.

Similarly, we experienced memorable moments when attending the 6-ISFM Winter
symposium (March 5-7, 2015, Hakodate, Japan), where we travelled by shinkansen and had a
brief stop for a lunch at Hachinohe fish market. There, we could taste fresh fish and seashells
served either raw (as sashimi or sushi) or prepared by ourselves on a grill. After arriving to
Hakodate, we visited watchtower on the Mount Hakodate, where we had wonderful night
view on the Hakodate bay with bright full Moon rising on the horizon.

Furthermore, [ was very glad that we could be with my wife in Sendai during a Hanami
festival (Cherry Blossoms Festival) in April 2015. T have already been in Sendai during
Hanami Festival once, however, I always enjoy this festival very much. I must admit that I
cannot get tired of watching the beautiful scenes of Cherry trees in full blossom looking like
never ending white sea.

I am very grateful for the opportunity to stay in Prof. Yoshikawa’s laboratory for one year,
it was an unforgettable experience. I had full support from all the lab members whenever 1
needed help and I was honored to participate and continue in our collaborative research. I
would like to give a special thanks to Dr. Pejchal for all his help and support. Moreover, I was
amazed how rapidly Prof. Yoshikawa’s laboratory developed on the level of equipment used
for growth of various single crystals as well as on the level of characterization techniques
used for evaluation of material, optical, luminescence, and scintillation properties of prepared
single crystals. This stay helped me to develop and extended my skills in crystal growth by
micro-pulling-down method and in the characterization of prepared single crystals. I hope our
cooperation will successfully continue and I am already looking forward for the next visit in
Prof. Yoshikawa’s laboratory.
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Message for 2015 annual report from Vitezslav Jary (Institute of Physics, Czech
Academy of Sciences in Prague, Czech republic)

I have been a member of Dr. Martin Nikl’s team from Institute of Physics, Czech Academy of
Sciences in Prague, Czech republic, since 2008 and thanks to his fruitful collaboration with
Prof. Yoshikawa group I received an invitation to visit his laboratory at Tohoku University in
Sendai for joint experiments on characterization of the Ce3+-doped gadolinium pyrosilicate
crystal grown by the u-PD method. Furthermore I was kindly ask to participate and give a
lecture at 5™ International Symposium on Functional Materials 2015 which was held 5" —
7™ March 2015 in Hakodate, Japan. The lecture was called Ce’ *-doped silicate-based
scintillators and was followed by an interesting discussion.

Almost immediately after the invitation, I started preparations for the visit with great
assistance of Hiroshi Uemura-san, who made excellent job to complete all the formalities in
time and booking BelAir hotel in Sendai. Hereby I would also like to express my thanks to
Jan Pejchal-san and Robert Kral-san whose help was also deeply appreciated.

I departed from Prague on February 28™ and after 30-hours of stop-over in Dubai I arrived to
Haneda-airport in Tokyo. I took the first shinkanzen train to get to Sendai on 3" March early
morning. The first colleague I met in Sendai was Dr. Robert Kral, who escorted me to the lab.
I was very happy to meet with the members of the laboratory and to be introduced to their
research. During my stay in IMR, I was also lucky to participate at the research meeting of
Yoshikawa Lab and to discuss there various aspects of the laboratory activities, including
luminescent properties and fabrication of novel functional materials.

During the rest of my stay, I was shown all the experimental equipment of IMR and also
participated in the optical experiments when, together with Kurosawa-san and Murakami-san
we measured scintillation light yield and scintillation decay curves on selected Ce*"-doped
GPSLa crystals grown at IMR by u-PD techique. Those measurements were followed by a
detailed discussion concerning software evaluation of the measured data and possible
differences in the experimental data obtained in IMR and those obtained in Prague.

1(6) = -0.47exp(-1/3.2 ns) +
+ 0.17exp(-#/59.7 ns) +
+0.059xp(-#/282.7 ns) + 0.00497

GPSLa:Ce
137

Excitation by ~'Cs
RT scintillation decay
Japan

0.1}

° Experimental data
3-exp. fit
=====nstrumental response

0.01 |

Counts per channel

J

¢ [ns] 1000
From my point of view, the great success of the Yoshikawa Lab is based on high
professionalism of its leader, a great friendly team of highly qualified enthusiasts, and
excellent growth and characterization equipment. As a result, fundamental and practical
achievements of this research group are well recognized by the world scientific community.
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Before leaving Sendai, I found some time to discover couple of cities around worth visiting,
like Matsushima or Yamadera. After departure from Haned airport 14™ March, 1 enjoyed
view of beautiful night Tokyo from the window of the airplane.

Travel to Japan and visit the Yoshikawa Laboratory gave me the great opportunity to meet
new people and new culture. That was an unforgettable experience.

Looking forward to further cooperation,
Vitezslav Jary
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Dr. Kei Kamada
Research Assistant Professor

Dr. Shunsuke Kurosawa

Dr.  Yuji Ohashi

Dr.  Jan Pejchal
Adviser

Prof Masae Kikuchi

Prof  Touetsu Shishido
Technical Counsellor
Hiroshi Uemura
Assistant

Keiko Toguchi

Megumi Sasaki

Chouichi Takyu

#i
= B
SR
HE AA
#E =
B

2E &

Ki§ =

BififERR A

o 87

ERR B

HA &—

42

NICHe 3£{F

NICHe

NICHe

NICHe

4.1.2014



Secretaries

Researcher

Yuka Takeda

Kuniko Kawaguchi

Yasuhiro Shoji

Takuya Sato

Masatoshi Ito

Toshio Sannomiya

Robert Kral

Graduate Students

Researchers

Akihiro Yamaj

Tetsuo Kudo

Kousuke Hishinuma

Tomoki Ito

Rikito Murakami

Aya Nagura

Masato Sato

Takayuki Nihei

Nobuhiro Yasui

WE
=

A/N—k 3L

1% 4{E

0N

RFRE

L%

Fik

HME

22

EMFARHRA

1 7k

- i}

LN

#H

a EN

K it

HKEL

::

EA

Bz

b

43

NEANFRIFES

D3

M2

M2

M1

M1

Ml

TDK %X &%t
TDK Co., Ltd. ~2014.8 H

TDK %X &%t
TDK Co., Ltd. ~20148 A

v/ oAt
Canon Co., Ltd.



Tatsuya Iwasaki

Ryota Ohashi

Osamu Eguchi

Hisakazu Nagato

Syouki Hayasaka

Idzumi Chida

Satoshi Suzuki

Tsuneyoshi Miki

Visiting Professors/Researchers

Prof.

Prof.

Dr.

Georges Boulon

Martin Nikl

Vladimir
V.Kochurikhin

Visiting Researchers

Dr.

Dr.

TCHANI Valery

Andrey Medvedev

R

Big iE

FH L\OH

Fi NI =

X B&
FREE

va—v J—av

Y—F2 =)

ISTAI—IL AFa—)vEr

FAWRA

Fr= JL)—

TURL ARR—D1D

44

v/ oA
Canon Co., Ltd.

v/ oAt
Canon Co., Ltd.

Bt CcsAS
C&ACo., Ltd.

B CcAS
C&A Co., Ltd.

HRAEH CaAS
C&ACo., Ltd.

BRAEH CRAS
C&A Co., Ltd.

(¥R)ASE /8

BRI TE#F)

France

Czech Republic

Russia

Canada

Russia



45



Prizes and awards

46



47



AR
B ar RIBEAELERATHY
73 ) B PET R E B0 R %

RILKFE SEMFBEMN

F¥N B E

buEOREBIRAPBNTHS
534 794 Ty ARBIK LAY %5
MEINB Lo LHRORRIER
Lwdnr L CEZEXhEILENT  F
HAENE)FR25FENUREE

WEWELET

48



49



List of research collaborations

50



Visits by International Collaborator 2014

Affiliation

Researcher

Research Theme

General Physics Institute
(Russia)

Dr. V. Kochurikhin

Growth of bulk single crystals and automatic

diameter control in Czochralski growth

Fomos Materials

Dr. A. Medvedev

Langasite-type piezoelectric single crystals and

(Russia) their piezoelectric properties
LPCML, CB Lyon1 Univ. Ceramic laser materials with
Pr. G Boulon o
(France) a nonpress vacuum sintering method
Svetcha ) S
Dr. V. Chani Growth of bulk oxide single crystals
(Canada)
Institute of Physics CAS ) Characterization of various scintillator
) Dr. M. Nikl )
(Czech Republic) materials
Institute of Physics CAS ) o
. Dr. R. Kral Growth of bulk halide scintillator crystals
(Czech Republic)
Institute of Physics CAS ) o
Dr. V. Jary Growth of bulk halide scintillator crystals

(Czech Republic)

Seminar at Yoshikawa Laboratory 2014

Date Affiliation Speaker Title of speech
. . Study of vertical Bridgman growth
August | Institute of Physics CAS
i Dr. R Kral of halide materials
8-10 (Czech Republic)
Preparation, crystal growth, and
March Institute of Physics CAS luminescence properties of Srl2
Dr. V. Jary

5-7 (Czech Republic)

single crystals
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Visits to International Collaborator 2014

Affiliation Researcher Period of stay
Pr. Yoshik
The Pennsylvania State f- Toshkawa
University (USA) Assoc. Pr. Yokota May 12-16
Y Mr. Kudo
Uni ity of Michi
(%1;721")81 y or Michigan Assist. Pr. Kurosawa June 10-12
Assist. Pr. Pejchal
Institute of Physics CAS SSISL 1. ~ejena
(Czech Republic) Assoc. Pr. Kamada June 9-14
P Mr. Shoji
Pr. Yoshikawa
Leibniz-Institut fir Assoc. Pr. Yokota
Kristallziichtung Assoc. Pr. Kamada June 15-20
(German) Assist. Pr. Pejchal
Mr. Shoji, Mr. Kudo
University of Wroclaw Pr. Yoshikawa Tulv 14-18
. u -
(Poland) Assist. Pr. Kurosawa Y
Leeds University Pr. Yoshikawa
July 28-29
(UK) Assoc. Pr. Kamada e

The University of Tennessee
(Usa)

Assoc. Pr. Yokota
Assist. Pr. Kurosawa
Mr. Ito

Mr. Murakami

November 17-18

University of Wroclaw
(Poland)

Pr. Yoshikawa

December 1-3

CERN
(Switzerland)

Pr. Yoshikawa
Assist. Pr. Kurosawa

March 10-11

52




53



Research funds

54



YRR 26 EEE WTREE &
Research funds (2014 fiscal year)

(875 PE 6 — AR PE £ R ]

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

1. BRSO FAR B At = FEAL SR B2 (AR 1 )

Funding Program for Strategic Supporting Industry, 2014

BBt A TV V= b - a 2T AEERED D OF RN

Truster: Intelligent Cosmos Research Institute, Miyagi pref.
[Ce:GAGGY v F L—Z i D RFE(LIZ IS D KA i s 7 v A DR = =
b
*“ Cost reduction of the mass-production of large-sized Ce:GAGG scintillator
crystals”

Wi Term: 2014.10-2017.3

ARAEFE Total: 12,110,000 yen for our team, 2014.10 - 2015.3

2. P/IEREIZ X DHM o — A DFFAL - RRMEEED 5 BAFHE LIFE 325
Funding Program for small business innovation research, 2014
IR SRR B FPE D b D BRI
Truster: Toei Kagaku Co.Ltd
[EpERl~ A 7 1 P DIEED%)
“Development of mass-production of micro-pulling-down apparatus”
B Term: 2014.11 -2015.3
AREFE Total: 6,480,000 yen for our team, 2014.11 - 2015.3

3. SeumB il IZAE - At AR (ki HE M 2 S Al B 4
(1156 5 O SERIE - ST Ah <5 % O B )
Funding Program for small business in promoting innovation, 2013
RSty — o — =2 D O RFEAFSE
Truster: GES Co.Ltd
M TRl AR > T L — 2 R ORG24 5 A v A v Mk
W fREAT DBHSE |
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“Development of Skull Melt method to produce oxide scintillator crystals of high
melting point without using crucible”

Wil Term: 2014.3-2015.3

AAEFE Total: 15,000,000 yen for our team, 2014.4 - 2015.3

[IST 7u> =7 K]

Japan Science and Technology Agency

1. JSTHFZER R EBAFE  [Jesma il o Bl - #RaRBR %]
Development of Systems and Technology for Advanced Measurement and Analysis
Technology, 2012
MY SR HGEL = 1L =R AL E D RRE T o~ I A T DI RMLHH
il
“Research and development of scattered energy recognition type and high positional
resolution gamma camera for unmanned helicopter survey”
TR R R AR N AR B D RFEITIE
Truster: Furukawa Co. Ltd.
MM Term: 2012.4-2015.3
AREFE Total: 13,000,000 yen for our team, 2014.4 - 2015.3

2. JSTHWFZERU R e S8 7' m 77 F & (A-STEP) v —AFW A A 7
Adaptable and seamless technology transfer program through targetdrive R&D, 2012
EWE % =V 7 ¢ H3He {UE 7 FHIUELSE 0D B JE |
“Development of neutron scanning apparatus for homeland security using scintillator
instead of 3He gas detector ”
MM Term: 2012.10-2015.3
AREFE Total: 9,420,000 yen for our team, 2014.4 - 2015.3

3. JSTWMZERCREBAF3E  [SEumat it Bl - BERRPHSE]
Development of Systems and Technology for Advanced Measurement and Analysis
Technology, 2013

(TR —IREE B AN — T | ORI R AR
“Development of radiometry tester having high energy resolution and high efficiency”
BASHTRET 7 b OFEFETE

Truster: Chiyoda Technol Corporation
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HAM  Term: 2013.10-2016.3
ARHFE Total: 18,200,000 yen for our team, 2014.4 - 2015.3

. JSTHFFERK AR B -2

WFIER R B R B S 7' 777 4 (A-STEP)

FEPRER A T — UMk & 1 77 ()« XUF v —B%E)
Foundation for Small and Medium Enterprise Promotion, 2013

(Supporting small and medium-sized and the venture company of the research and
development.)

MR T LW ERREN Y v F L — 4 —]

“Scintillator for Resources Exploration Equipment having high performance at high
temperature”

HASHC & AN D OFEFETE

Truster: C&A Corporarion

Hif Term: 2013.12-2017.3

ARHEFE Total: 20,000,000 yen for our team, 2014.4 - 2015.3

. JSTHIFSE R R R B 3

WFFE R R d i i B S8 7w 7777 4 (A-STEP)

A Y X7 PRERSZ A 7

Foundation for High-risk challenging, 2014

[ XHRAARA A= 0 7 2R S DR R . @ X s 0 32 1k
BA % |

“Development of ultra-high resolution and highly sensitive X-ray detector for
innovative X-ray phase imaging”

FV ) URAS D O BFEFEIE

Truster: Canon Inc.

MR Term: 2014.12-2015.3

AAEFE Total: 11,590,000 yen for our team, 2014.12 - 2015.3

. JSTHMIE R R B 5 3
FS YRR Z A7
FS stage

BT o YA MRUEBRES A2 AW EZE « AR 7 S 1 2 OB
il
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KA HEZ. (Yuji Ohashi)

“Development of highly stable and broadband SAW device using a new Langasite
type piezoelectric single crystal”

iR Term: 2014.4-2016.3

ARHEFE Total: 400,000 yen for our team, 2014.4 - 2015.3

ML ARE 2 0 UTe, Em o fERe . @B 1A A — Y 0 T AEE DB % )
#kHH % (Kei Kamada)
“Development of ultra-high resolution and highly sensitive neutron imaging apparatus
using a eutectic structure”
B Term: 2014.4-2016.3
AAEJE Total: 710,000 yen for our team, 2014.4 - 2015.3

[ BLUF O @S 2 R 3 IR 1 OB %S & IEFRA~OEH |
Y ¥ —/L Y (Jan Pejchal)
“Development of scintillator crystal having a high-speed response of nanoseconds, and
its medical applications”
Hif  Term: 2014.4-2016.3
ARAEFE Total: 1,500,000 yen for our team, 2014.4 - 2015.3

[NEDO Y= ]

New Energy and Industrial Technology Development Organization

YRk 2 5 AR PR RR E R PE SR T B 6 e B Rl
(Fi b & @A - AR 92 AL BHSE BO Rl 55 5)
Rare Metal Substitute Materials Development Project, 2013
T D KA &0 b O ZEFENFE
Truster: TDK Corporation
Wi Term: 2013.10 - 2015.2
AAEFE Total: 25,000,000 yen for our team, 2014.4 - 2015.2

2. PR 2 6 FEERRIRHIE — L X — AT 7 n 7T A - FELBA%E
Strategic energy-saving innovation programs, 2014

HWEZMBAT LY a VRS b OFEFEE
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Truster: Toshiba Shomei Precision Corporation
MM Term: 2015.2-2016.6
ARAFE Total: 15,000,000 yen for our team, 2015.2 — 2015.3

3. VK2 6 FEH T R — R T —HAT R
Grand renewable energy innovation programs, 2014
HASHC & AN S OFEFENE
Truster: C&A Corporation
i Term: 2014.12 - 2015.9
AAEFE Total: 1,040,000 yen for our team, 2014.12 - 2015.3

[#58)T]  Reconstruction Agency
L VRk 2 A RS A ) _— g VIR SR T w7 T

Funding Program for “Invest Japan” promotion for reconstruction, 2012
EWRA T Y Vv b aRERAREE S OBEET 1 ST A
Truster: Intelligent Cosmos Research Institute, Miyagi pref.
(IHAREBED IO D AMERT 7 7T 4

“Manpower training program for innovation in automotive industry”

HM Term: 2012.4-2017.3

ARHFE Total: 10,600,000 yen for our team, 2014.4 - 2015.3

[V A 55 8 ik e e A B 4

Ministry of Health, Labour and Welfare
Sopk 2 5 A ER A sEE Bk Health Science Research Grants, 2013
FHR KT D OFEFENSE
Truster: Tokyo University
PHREM S RIBRERIE 2 ATREIC T 2 V=T 7 70 « 7 I U fiRQ S PET 34&
DFAFE |
“Development of wearable and sub-millimeter resolution type PET apparatus
that enables non-invasive measurement of RI concentration in blood”
WM Term: 2013.4-2016.3
ALEJE Total: 20,000,000 yen, 2014.4 - 2015.3
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[SCER R B b e e A B 4

Ministry of Education, Culture, Sports, Science and Technology
H ARSI #L2  Japan Society for the Promotion of Science
B9t Bk Grants-in-Aid for Scientific Research

1. FeplitsE E48)EI%  Fellowship
&)1l % (Akira Yoshikawa), ®/3X— K 2 7 /L(Robert Kral)
1,2000,000 yen, 2014.4-2015.3
2.  ®#i3f Grants-in-Aid for young scientists(Sprout)
&)1l % (Akira Yoshikawa)
1,200,000 yen, 2014.4-2015.3
3.  ®i3f Grants-in-Aid for young scientists(Sprout)
8 £ (Kei Kamada)
1,500,000 yen, 2014.4-2015.3

4. AT (C)  Grants-in-Aid for young scientists(Scientific Research (C))

K#& M (Yuji Ohashi)
1,000,000 yen, 2014.4-2015.3

5. HSEMFZE (C)  Grants-in-Aid for young scientists(Scientific Research (C))

By 24 (Shunsuke Kurosawa)
1,000,000 yen, 2014.4-2015.3
6. H%ppIBFJEE  Fellowship
L& S&J~  (Akihiro Yamaji)
1,000,000 yen, 2014.4-2015.3

[ESIRFBEN E3 e E R 2R T ]
FEACHEER BT 4

Foundation for Business Incubation Program
W Term: 2014.2-2015.3
AAEFE Total: 50,000,000 yen, 2014.2 -2015.3
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Funds from industry, foundations, personal donation and small project

Tokuyama Corporation

TDK Corporation

Furukawa Co. Ltd.

Chiyoda Technol Corporation

Canon Inc.

C&A Corporation

Toshiba Shomei Precision Corporation

Yurikogyo Co. Ltd

GES Co. Ltd

Toei Kagaku Co. Ltd

Hamamatsu Photonics K.K

Tanaka Holdings Co. Ltd.

Hitachi Metals, Ltd

IR AF5E

Collaboration program with Institute of Laser Engineering, Osaka Univ.

TEZE5RIMBI IS D BRI R OBI%E |
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List of patents

1. FECIR M OV s s

e £ H)II . BE RS BHE AR B BL
(Kei Kamada, Akira Yoshikawa, Shunsuke Kurosawa, Yuui Yokota, Yasuhiro Shoji)

2. JEERE T
I #, KRG HEZ, BAH A%, $fBH £ X R,
TH A

(Akira Yoshikawa, Yuji Ohashi, Yuui Yokota, Kei Kamada, Hiroyuki Amano,
Osamu Eguchi)

3. VUFL—F B IO GRS
gem £, H)II . ME B4, BEOBN. EE O ES. UK RIA

(Kei Kamada, Akira Yoshikawa, Yuui Yokota, Shunsuke Kurosawa, Kosuke Hishinuma,
Akihiro Yamayji)

il ENHE 2
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JOURNAL OF CRYSTAL GROWTH 393, 134, Published: MAY 2014

Czochralski growth of Gdi(Als-yGay)O12 (GAGG) single crystals and their scintillation
properties

S. Kurosawa'?, Y. Shojil, Y. Yokota?, K. Kamada®* ,V.L Chanil, A. Yoshikawa'??

1. Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan
2. New Industry Creation Hatchery Center, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan
3. C&A Corporation, 6-6-40 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8577, Japan

Abstract:

Ce:Gd;3(AlGa;—, )50y, (x=2.5/5 and 3/5, Ce:GAGG-2.5 and Ce:GAGG-3) crystals were grown by the Czochralski
process in order to reduce cost of the starting materials as compared with conventional Ce:Gd;Al,Ga;0y,
(Ce:GAGG-2) crystal which have high light output. Although perovskite phase was detected in Ce:GAGG-3,
Ce:GAGG-2.5 had single-phase garnet structure. Solidification fraction for the Ce:GAGG-2.5 growth was 0.52.
Optical properties including transmittance, emission, and excitation spectra of 30 samples cut from the Ce:GAGG-
2.5 bulk ingot did not depend on their original position along the growth axis. These samples had light outputs of
approximately 58,000£3000 photons/MeV. However, scintillation decay times varied from 140 to 200 ns and
depended on the position clearly.

E-mail Address:

y_shoji@imr.tohoku.ac.jp

Site Address:
http://www.sciencedirect.com/science/article/pii/S0022024813007410
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JOURNAL OF CRYSTAL GROWTH 393, 163, Published: MAY2014
Optical properties of a Nd-doped SrBr; crystal grown by the Bridgman technique

S. Kurosawa'?, Y. Yokota?, Y. Yanagida®, J. Pejchal'*, A. Yamaji', Y. Shoji', K. Kamada®’, A. Yoshikawa'**

1. Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan
2. New Industry Creation Hatchery Center, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan

3. World Engineering System, 122 Oyakesekishocho, Yamashina-ku, Kyoto 607-8188, Japan

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

5. C&A Corporation, 6-6-40 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8577, Japan

Abstract:

We have investigated the optical properties of 1 mol% Nd-doped SrBr, crystal grown by the Bridgman technique for
an X-ray scintillator application. We succeeded in obtaining a transparent crystal, whose X-ray diffraction was
measured under dry condition because of its hygroscopic nature. Roughly, we estimated that 90% of this crystal
dissolved within 300 min. under 25°C and 65-70% humidity. Under excitation by 270 and 400 nm photons several
emission peaks originating from F5, or Gy —, (11=5/2 and 7/2 and i2=13/2, 11/2, and 9/2) transitions of Nd3+
were observed. 1 mol% Nd:SrBr, had a maximum quantum yield of approximately 45%. Additional emission peaks
were observed under X-ray excitation.

E-mail Address:

kurosawa@imr.tohoku.ac.jp

Site Address:
http://www.sciencedirect.com/science/article/pii/S0022024813008361
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Abstract:

Nd and Yb doped CaYAIO, crystals have been grown by the micro-pulling down method. The segregation
coefficient along the growth direction and the radial dopant distribution were measured by using electron probe
micro-analysis (EPMA). The X-ray induced luminescence spectra in the spectral range from 300 to 1500 nm were
measured: Nd and Yb doped CaYAIO, showed intense peaks at 990 and 1045 nm, respectively. These crystals would
be promising materials for near infrared emission scintillators.
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Abstract:

Some pyrosilicate scintillators such as Ce:Gd,Si,0; and Ce:Lu,Si,0; have a good light output, and especially
Ce:(Gd,La),Si,0; has an excellent light output of over 36,000 ph/MeV. In order to search novel scintilators, we have
developed a pyrogermanate-based scintillation material (Ceg o;,Gdg90,L0.0),Ge,O7 using the floating zone method.
Although the light output was decreased due to quenching, 5d—4f transition of Ce** was observed around 480 nm in
photo- and radio-luminescence spectra. This emission wavelength was longer than that of (Ceg o;,Gdg 90,L.20.09)2S1,07
with an emission wavelength of 390 nm.

E-mail Address:

kurosawa@imr.tohoku.ac.jp

Site Address:
http://www.sciencedirect.com/science/article/pii/S0022024813008968#

67



JOURNAL OF CRYSTAL GROWTH 401, 833, Published: SEP2014

Crystal growth and scintillation properties of selected fluoride crystals for VUV
scintillators

J. Pejchall’z, K. Fukuda®, A. Yamajil, Y. Yokota'?, S. Kurosawa'*, R. Kral?>, M. Nikl, A. Yoshikawa'*

1. Institute for Materials Research, 2-1-1 Katahira, Aoba-ku, Sendai 9808577, Japan

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

3. Tokuyama Corporation, Shibuya 3-chome, Shibuya-ku, Tokyo 1508383, Japan

4. NICHe, Tohoku University, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 9808579, Japan

Abstract:

Single crystals of orthorhombic and monoclinic BaLu,Fg doped with Nd and Tm were grown by micro-pulling-
down method. The monoclinic (low temperature modification) was grown using LiF flux, while the orthorhombic
(high temperature modification) was grown with special hot-zone with shallow gradient and employing quenching
process. Reasonable scintillation efficiency was achieved for the crystals of the former modification, while no rare-
earth ion emission was observed in the latter due to preferential energy transfer to defects. The orthorhombic (low
temperature) modification of ErF; was grown using LiF flux and hot zone with steep gradient. Quite low
scintillation efficiency was found for the Nd-doped sample due to energy migration over the Er’" levels. Possibility
of using pure ErF; as an infra-red scintillator is discussed.
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Abstract:

The undoped and Ce-doped LiF/LiLuF, eutectic fibers with various ratios of LuF; to LiF were grown by the micro-
pulling-down method for their application as neutron scintillators with light guiding structure. The differential
thermal analysis (DTA) of undoped eutectic materials indicated that the eutectic point of LiF/LiLuF was positioned
around LiF 80 mol%-LuF; 20 mol% composition. Some of the as-produced eutectic solids had rod-like regular
array structures. This was observed using SEM images of cross-sectional and parallel cuts of the grown solids. In the
range of x > 0.28, the dendrites appeared between the eutectic areas. Ce doped LiF/LiLuF, eutectic fibers
demonstrated two emission peaks around 310 and 326 nm in the photoluminescence spectrum, and the decay time of
the emission at 326 nm was 32.3 ns.
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Abstract:

Scintillation properties of Ce-doped (La, Gd),Si,0; (Ce:La-GPS) crystal were measured with Si avalanche
photodiode (APD, Hamamatsu S8664-55). Since Ce:La-GPS is a novel scintillator, its scintillation properties have
been evaluated using the APD for the first time. This crystal grown by floating zone method had a good light output
of 41,000£1000 photons/MeV and FWHM energy resolution at 662 keV was 4.4+0.1% at 23.0+0.2 °C. The photon
non-proportional response (PNR) of Ce:La-GPS was approximately 65% at 32 keV, where light output at 662 keV
was normalized to 100%. Moreover, the temperature dependence of the light outputs was determined to be
approximately 0.15%/°C from —10 to 30 °C.
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Abstract:

In this paper we report the measurements of pulse height spectra, radioluminescence spectra at various temperatures
between 10 and 325 K, and low temperature thermoluminescence glow curves of Gd;Al,Ga;0,,:Ce. It is shown that
the scintillation yield of the studied material correlates with the concentration of cerium and anti-correlates with the
thermoluminescence intensity. However, regardless of the cerium content, the yield at room temperature is almost
twice lower than below 180 K.
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Abstract:

A new imaging system consisting of a high-sensitivity complementary metal-oxide semiconductor (CMOS) sensor, a
microscope and a new scintillator, Ce-doped Gd3(Al,Ga)sO;, (Ce:GAGG) grown by the Czochralski process, has
been developed. The noise, the dark current and the sensitivity of the CMOS camera (ORCA-Flash4.0, Hamamatsu)
was revised and compared to a conventional CMOS, whose sensitivity is at the same level as that of a charge
coupled device (CCD) camera. Without the scintillator, this system had a good position resolution of 2.1 + 0.4 um
and we succeeded in obtaining the alpha-ray images using 1-mm thick Ce:GAGG crystal. This system can be
applied for example to high energy X-ray beam profile monitor, etc.
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Abstract:

To explore the sub-MeV/MeV gamma-ray window for astronomy, we have developed the Electron-Tracking
Compton Camera (ETCC), and carried out the first performance test in laboratory conditions using several gamma-
ray sources in the sub-MeV energy band. Using a simple track analysis for a quick first test of the performance, the
gamma-ray imaging capability was demonstrated with clear images and 5.3 degrees of angular resolution measure
(ARM) measured at 662 keV. As the greatest impact of this work, a gamma-ray detection efficiency on the order of
10~* was achieved at the sub-MeV gamma-ray band, which is one order of magnitude higher than our previous
experiment. This angular resolution and detection efficiency enables us to detect the Crab Nebula at the 5o level
with several hours observation at balloon altitude in middle latitude. Furthermore, good consistency of efficiencies
between this performance test and simulation including only physical processes is very important; it means we
achieve nearly 100% detection of Compton recoil electrons and means that our predictions of performance
enhancement resulting from future upgrades are more realistic. We are planning to confirm the imaging capability of
the ETCC by observation of celestial objects in the SMILE-II (Sub-MeV gamma ray Imaging Loaded-on-balloon
Experiment IT). The SMILE-II and following SMILE-III project will be an important key of sub-MeV/MeV gamma-
ray astronomy.
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Abstract:

1-mol%-Yb-doped Gd;Al,Ga;0; infra-red scintillator crystal has been studied as a novel implantable radiation
monitor in radiation therapy. Powder X-ray diffraction measurement and chemical analysis with a field emission
scanning microscope and wavelength dispersive spectrometer determined its garnet structure and average chemical
composition of Ybg3+0.01Gd2.99+0.07A12.21+0.08G2.64+0.09012.10+0.00- Transmittance measurements reached high values
of approximately 70% in the human body transparency region between 650 to 1200 nm. Photoluminescence peaks
were detected around 970 and 1030 nm under the 940 nm excitation with a Xe lamp. Infra-red scintillation
emissions were clearly observed around 970 and 1030 nm due to Yb®" 4f-4f transitions under X-ray excitation.
Therefore, these results suggest that Yb-doped Gd;Al,Ga;0,, might be used as an infra-red scintillator material.
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Abstract:

Cr-doped (Gdy Y, x);Als01, (X=0, 0.25, 0.50) crystals prepared by the micro-pulling down method were
investigated to develop a infra-red scintillator for implantable patient dosimeter in radiation therapy. In order to
evaluate their optical and scintillation performance, the following properties were measured: (i) transmittance
between ultra-violet and near-infra red region, (ii) photoluminescence spectra under Xe-lamp excitation, and (iii) X-
ray excited radio-luminescence spectra. Cr:Y;AlsOy, and Cr:(GdosY0.75)3A1501, crystals showed increased
transmittance of 80%, while Cr:(Gdgso Yo.50)3Als0,, had a lower transmittance of 40% due to its polycrystalline
structure. In addition, all the Cr:(Gdy Y| x);AlsOy; crystals showed sharp scintillation luminescence peaks ascribed
to Cr’* d-d transitions. Therefore, these results suggested that Cr:Y;Als0,, and Cr:(Gdgss Yo.75)3Al50,, crystals can
be candidate materials for the dosimeter use.
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Abstract:

The X-ray single crystal structure determination of Lu,Os sesquioxide and of polycrystalline transparent ceramic
fabricated by the unconventional spark plasma sintering (SPS) method is presented for the first time. High quality
single crystals of Lu,O; samples were obtained by using both the micropulling-down (pu-PD) method and the laser
heated pedestal growth (LHPG) technique. The SPS method is promising for obtaining high-density ceramics with
fine grains at a relatively low temperature within a short holding time. The structural characterizations helped to
complete information about the cubic structure of Lu,0; sesquioxide, not clear until now in the literature from only
polycrystalline samples and has raised doubts among many researchers.
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Abstract:

Eu doped LiSrAlFs (Eu:LiSAF) crystals with various Eu concentrations were grown by a micro-pulling-down ( u -
PD) method and the effects of Eu concentration control on crystal growth and scintillation properties for Eu:LiSAF
crystals were investigated as a neutron scintillator. As-grown Eu0.3%:LiSAF crystal had no visible inclusion while
milky parts were observed in the crystals with higher Eu contents. The secondary phases with the chemical
composition of EuF, or EuF; in the Eu:LiSAF matrix were observed for the crystals with high Eu contents while the
secondary phase couldn’ t be observed in the powder XRD patterns. In the radioluminescence spectra of Eu:LiSAF
crystals under o -ray irradiation, emission peaks around 375 nm originated from 5d-4f transition of Eu®* jon were
observed. The light yields systematically increased with an increase of actual Eu contents in the crystals and the
decay times were 1490-1620 ns.
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Abstract:

Low temperature thermoluminescence of GAGG:Ce and LuAG:Pr scintillator crystals has been studied by means of
the Tmax- Tstop method. It is shown that the glow curves of both materials are superpositions of discrete glow peaks
and broad bands due to quasi-continuous Gaussian distributions of trapping levels. A model function has been built
and trap parameters have been evaluated.
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Abstract:

Unidirectionally solidified rare-earth activated GdAlO;(GAP)/ALO; eutectic crystal with well-aligned fibrous
structure exhibits excellent light guiding property and can be used as a scintillator plate for high-resolution X-ray
imaging. In this paper, the microstructures and orientation relationships of the GAP/Al,Oseutectic fibers were
investigated. The regular GAP single crystal fibers with a hexagonally close-packed arrangement grew straight in
the same direction along the solidification direction, and were embedded in ac-axis oriented Al,O; single crystal
matrix. The majority of GAP fibers had the orientation relationships of [0 1 0JGAP//[0 0 0 1]AL,O; to the growth
direction and (100)GAP//(1120(Al,0;) to the interface plane, while slight misorientation angle of both [0 1 0]JGAP
axis and (1 0 0)GAP plane were observed. In the GAP/Al,O; interface boundary, the lattice misfit between the two
phases was relieved by insertion of extra half-planes on the Al,O5 side.
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Abstract:

In this work, an alternative lattice Boltzmann (LB) model for three-dimensional (3D) incompressible flow is
proposed. The equilibrium distribution function (EDF) of the present model is directly derived in accordance with
the incompressibility conditions by applying the Hermite expansion. Moreover, an alternative formula for pressure
computation is designed from the second order moment of the distribution function. The present 3D LB model
inherits the advantageous features of Guo’ s LB model: the density is a constant, the fluid pressure is independent
of density and the Navier-Stokes (N-S) equations for incompressible flow can be derived. Two benchmark tests,
flow over a backward-facing step and the lid-driven cavity flow, are applied to validate the present model. Accurate
results for these tests are obtained with the present model, and further comparisons with the previous LB models (the
standard LB model, the He-Luo model and Guo’ s LB model) demonstrate that the present model provides better
accuracy in the region of high deviatoric stress and such advantage is further enhanced by using the D3Q27 lattice.
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Abstract:

A depth-of-interaction (DOI) detector is required for developing a high resolution and high sensitivity PET system.
Ce-doped Gd;A1,Ga;0,, (GAGG fast: GAGG-F) is a promising scintillator for PET applications with high light
output, no natural radioisotope and suitable light emission wavelength for semiconductor based photodetectors.
However, no DOI detector based on pulse shape analysis with GAGG-F has been developed to date, due to the lack
of appropriate scintillators of pairing. Recently a new variation of this scintillator with different Al/Ga ratios—Ce-
doped Gd;Al, Gay 4012 (GAGG slow: GAGG-S), which has slower decay time was developed. The combination of
GAGG-F and GAGG-S may allow us to realize high resolution DOI detectors based on pulse shape analysis. We
developed and tested two GAGG phoswich DOI block detectors comprised of pixelated GAGG-F and GAGG-S
scintillation crystals. One phoswich block detector comprised of 2 X2 X5 mm pixel that were assembled into a 5 X5
matrix. The DOI block was optically coupled to a silicon photomultiplier (Si-PM) array (Hamamatsu MPPC
S11064-050P) with a 2-mm thick light guide. The other phoswich block detector comprised of 0.5X0.5X5 mm
(GAGG-F) and 0.5X0.5X 6 mm’ (GAGG-S) pixels that were assembled into a 20 X 20 matrix. The DOI block was
also optically coupled to the same Si-PM array with a 2-mm thick light guide. In the block detector of 2-mm crystal
pixels (5 X5 matrix), the 2-dimensional histogram revealed excellent separation with an average energy resolution
of 14.1% for 662-keV gamma photons. The pulse shape spectrum displayed good separation with a peak-to-valley
ratio of 8.7. In the block detector that used 0.5-mm crystal pixels (20 X 20 matrix), the 2-dimensional histogram also
showed good separation with energy resolution of 27.5% for the 662-keV gamma photons. The pulse shape
spectrum displayed good separation with a peak-to-valley ratio of 6.5. These results indicate that phoswich DOI
detectors with the two types of GAGGs are promising for developing a high resolution PET system.
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Abstract:

A time-over-threshold (ToT)-based positron emission tomography (TODPET) scanner was designed and fabricated.
The PET scanner consisted of eight block detectors, each of which is composed of a 12X 12 array of 2X2X
10 mm® Pr:LuAG crystals individually coupled with a 12X 12 UV-enhanced avalanche photodiode (APD) array.
The APDs were individually read out using a custom-designed time-over-threshold application-specific integrated
circuit (ASIC) and field-programmable gate array (FPGA) readout system. The PET scanner has an energy

resolution of 10% and a time resolution of 4.2 ns. A spatial resolution of 1.17 mm (FWHM) was demonstrated in the
initial results.
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Abstract:

Mg*" codoping in the cerium-doped LusAlsO, single crystal stabilizes a part of the cerium ions in the tetravalent
charge state. Stable Ce*’ centers in aluminum garnet scintillators create an additional fast radiative recombination
pathway in the scintillation mechanism which effectively diminishes the unwanted slow delayed recombination
processes and transforms them into the fastest part of the scintillation response.
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Abstract:
Yttrium aluminum garnet (YAG)-based ceramics represent a valuable alternative to single crystals as active media in
laser devices for specific applications. In this connection, the 1.5-1.65 pm emission channel of Er**-doped YAG is
of particular importance for the realization of diode pumped solid state lasers operating in the so-called ‘eye-safe’
region. A well-known drawback of this material is related to its small absorption cross section in correspondence to
the diode pumping radiation at 940-980 nm. However, its emission performance can be significantly improved
through sensitization with Yb*'ions that can efficiently absorb the excitation radiation and transfer it to the
Er’" ions. This work deals with the fabrication of polycrystalline YAG co-doped with Er’* and Yb*" ions from oxide
powders via solid state sintering in high vacuum conditions and its microstructural analysis by transmission electron
microscopy -energy-dispersive x-ray spectroscopy to determine the dopants distribution and to assess their influence
on the sintering process and on the spectroscopic properties. For this purpose, the absorption and emission spectra of
the prepared material have been measured and compared with those of a single crystal having the same composition,
appositely prepared by the micro-pulling down method. Suitable calculations have been finally carried out to verify
the effective perspectives of application of the investigated ceramics as active lasing medium.
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Sintering (SPS) method. Part 1: Structural, thermal conductivity and spectroscopic
characterization
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Abstract:

We report the detailed analysis of both structural characterization by SEM, thermal conductivity of high value and
high resolution spectroscopic properties of Nd*'-doped Lu,Os transparent ceramics fabricated by the non-
conventional SPS method. The emission spectra of the main C, site shows two close*Fs;, — 1,15 laser lines at
1076.3 and 1080.5 nm, respectively. The optical properties of the two C, and Cjsites and of C,-Cs;and C,-
C, Nd*' pairs have especially been analyzed.
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Abstract:

We report the first demonstration of laser oscillation of two close IR emission lines at 1076.3 nm and 1080.5 nm
using a 1% Nd*'-doped Lu,Os transparent ceramics fabricated by the non-conventional Spark Plasma Sintering
(SPS) method. A comparison is made with Nd**-doped Lu,O5 and Nd**-doped Y,Osceramics elaborated by HIP
conventional method.
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Abstract:

Temperature dependence of scintillation properties was investigated for (Cegg;, Gdgog, Lag9),S1,07 grown by
floating zone method. The light output over 35,000 photons/MeV was found constant in the temperature range from
0 °C to 150 °C. In addition, FWHM energy resolution of Ce:La-GPS (roughly 7-8%) at 662 keV remained constant
up to 100 °C. Thus, this crystal can be applied to oil well logging or other radiation detection application at high
temperature conditions.
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Abstract:

The Nd-doped and Er-doped LuF; single crystals were grown by the micro-pulling-down method to study their
scintillation properties in the vacuum-ultraviolet (VUV) region. The doubly Nd-Er codoped single crystal was
grown to study possibility of scintillation performance improvement by energy transfer from Er** to Nd** ions. The
LiF flux was to avoid phase transition below melting temperature. The 1%Nd-doped sample showed the highest
overall scintillation efficiency under X-ray excitation which was 7 times as high as that of the LaF;:Nd 8% standard.
The leading Nd** 5d-4f emission was situated at 176 nm, while the Er** 5d-4f emission for Er-doped samples was
observed at 163 nm, which better matches the sensitivity of some VUV-sensitive photodetectors. The optimum Er
concentration was determined to be around 1-3 mol%. No Er’" 5d-4f emission was observed for the doubly Er,Nd-
codoped sample due to energy transfer from the Er’" to Nd*'ions. Slight improvement of the light yield was
observed in the doubly-doped sample with respect to the Nd-only doped one.
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Abstract:

Ce:Gd;3(AlGa;—, )50y, (x=2.5/5 and 3/5, Ce:GAGG-2.5 and Ce:GAGG-3) crystals were grown by the Czochralski
process in order to reduce cost of the starting materials as compared with conventional Ce:Gd;Al,Ga;0y,
(Ce:GAGG-2) crystal which have high light output. Although perovskite phase was detected in Ce:GAGG-3,
Ce:GAGG-2.5 had single-phase garnet structure. Solidification fraction for the Ce:GAGG-2.5 growth was 0.52.
Optical properties including transmittance, emission, and excitation spectra of 30 samples cut from the Ce:GAGG-
2.5 bulk ingot did not depend on their original position along the growth axis. These samples had light outputs of
approximately 58,000+3000 photons/MeV. However, scintillation decay times varied from 140 to 200 ns and
depended on the position clearly.
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Abstract:

The Mg and Ca co-doped Ce:Gd;Al,Ga;0y; single crystals were prepared by micro pulling down method with a
wide concentration range 0-1000 ppm of the codopants. 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 and Ca co-doping. The scintillation decays were accelerated by both Mg and Ca codopants. Comparing
to Ca co-doping, the Mg co-doped samples showed much faster decay and comparatively smaller light output
decrease with increasing Mg dopant concentration.
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Abstract:
Temperature dependence of scintillation properties was investigated for (Cegg;, Gdgog, Lag9),S1,0; grown by
floating zone method. The light output over 35,000 photons/MeV was found constant in the temperature range from
0 °C to 150 °C. In addition, FWHM energy resolution of Ce:La-GPS (roughly 7-8%) at 662 keV remained constant
up to 100 °C. Thus, this crystal can be applied to oil well logging or other radiation detection application at high
temperature conditions.
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Abstract:

Ce doped SrHfO3/SrAl;,0 eutectics were grown by the micro pulling down ( x -PD) method and their directionally
solidified eutectic system has been investigated. Investigations of obtained eutectic structure, luminescence and
scintillation performances were also performed. Eutectics were grown at the speed of 0.60-0.90 mm/min. In the
eutectics, Ce’" 4f-5d emission was observed at 410 nm. The eutectics showed light yield of around
300 photon/5.5 meV alpha-ray by **' Am excitation. Scintillation decay time was 26.4 ns (45%) with slower decay
component of 263 ns (55%).
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Abstract:

(Eug .01, Gdg.90, Lag 09)2S1,07 (Eu:La-GPS) and (Tbg 1, Gdg.oo, Lag.09)2S1,07 (Tb:La-GPS) crystals were grown by the
floating zone method, and their optical and scintillation properties were investigated. Gd**-to-Tb** or -Eu*" energy
transfer processes were found, and photo-luminescence and radio-luminescence emission spectra showed *Dg-
'F, (i=1-4) Eu’" transitions in Eu:La-GPS, and °D;-"F; (i=3-6) and’D,-F; (i=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.
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Abstract:

We have developed an electron-tracking Compton camera (ETCC) for use in next-generation MeV gamma ray
telescopes. An ETCC consists of a gaseous time projection chamber (TPC) and pixel scintillator arrays (PSAs).
Since the TPC measures the three dimensional tracks of Compton-recoil electrons, the ETCC can completely
reconstruct the incident gamma rays. Moreover, the ETCC demonstrates efficient background rejection power in
Compton-kinematics tests, identifies particle from the energy deposit rate (dE/dX) registered in the TPC, and
provides high quality imaging by completely reconstructing the Compton scattering process. We are planning the
“"Sub-MeV gamma ray Imaging Loaded-on-balloon Experiment" (SMILE) for our proposed all-sky survey satellite.
Performance tests of a mid-sized (30 cm)3 ETCC, constructed for observing the Crab nebula, are ongoing. However,
observations at balloon altitudes or satellite orbits are obstructed by radiation background from the atmosphere and
the detector itself [1]. The background rejection power was checked using proton accelerator experiments conducted
at the Research Center for Nuclear Physics, Osaka University. To create the intense radiation fields encountered in
space, which comprise gamma rays, neutrons, protons, and other energetic entities, we irradiated a water target with
a 140 MeV proton beam and placed a SMILE-II ETCC near the target. In this situation, the counting rate was five
times than that expected at the balloon altitude. Nonetheless, the ETCC stably operated and identified particles
sufficiently to obtain a clear gamma ray image of the checking source. Here, we report the performance of our
detector and demonstrate its effective background rejection based in electron tracking experiments.
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Abstract:

We have measured photoluminescence properties of cerium-doped Gd;Al,GazO,, (Ce:GAGQG) crystals at low
temperatures with use of synchrotron radiation. Excitation spectra for the Ce®* 5d-4f emission exhibit prominent
peaks at Gd*' intra-4f absorption bands. The Gd*" intra-4f emission band is observed at 3.91 eV, but is not in
resonance with the lowest energy Gd*' intra-4f absorption band at 3.95 eV. The temperature dependence of the
Gd** emission intensity is not correlated with that of the Ce** emission intensity. Decay curves of the Ce*” emission
were also measured at 9 K under excitation at various photon energies. The decay curve is remarkably changed,
depending on the excitation photon energies. The present results give us hints to understand the whole of energy
transfer processes in Ce:GAGG crystals.
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Abstract:
Nd 1 mol% doped (Lu, Gd)3(Ga, Al)5012 (LGGAG) single crystals were grown by the micro-pulling down (pn-PD)
method. Luminescence and scintillation properties such as absorption, excitation and emission spectra, light yield
and decay time were evaluated. Nd1%:Lu3Al5012 showed the highest light output of around 8200 photons/MeV
among the grown crystals. Scintillation decay time of Nd:Y3AIS012 was 1.32 us (36%) 2.02 ps (64%).
Nd:Lu3Ga3Al2012 was relatively high dense scintillator of 7.38 g/cm3 with good light yield of 6800 photons/MeV
and scintillation decay time of 0.20 ps (5%) 2.60 ps (95%).
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Abstract:

LiF/CaF,/LiBaFj; ternary eutectic scintillators were grown by the p-PD method. In the solidified eutectic the phases
were uniformly distributed in the transverse direction and aligned along the growth direction. For the Eu-doped
samples, the expected emission peak observed at 425 nm was ascribed to Eu*" 5d—4f transition from Eu:CaF, under
X-ray excitation. The LiF/CaF,/LiBaF; ternary eutectic scintillators showed a light yield around 7,000
photons/neutron and decay time of 260 ns (73.6%) and 50 ns (26.4%).
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Growth,  Structural  Considerations, and  Characterization @ of Ce-Doped
(La,Gd),Si; 07 Scintillating Crystals

A. Yoshikawa'*® | S. Kurosawa'?, Y. Shoji1’3, V. I. Chani!, K. Kamada®?, Y. Yokota?, Y. Ohashi'

1. Institute for Materials Research (IMR), Tohoku University, Sendai, 980-8577, Japan
2. New Industry Creation Hatchery Center, Tohoku University, Sendai, 980-8579, Japan
3. C&A Corporation, Sendai, 980-8579, Japan

Abstract:

Ce-doped lantanium-gadolinium pyrosilicate (La,Ce,Gd),Si,0; (Ce:La-GPS), crystals with various content of rare-
earth elements were produced from the melt, and their optimal La/Gd ratio was examined. It was found that Ce:La-
GPS single crystals of acceptable optical quality can be produced from the melts ranging from LagsGd; 5Si,0; to
La; ¢Gd, ¢Si,0; and containing about 1 atom % Ce with respect to the host rare-earths of La and Gd. The crystal
growth was performed by the micro-pulling-down and Czochralski methods. The crystals were chemically uniform
along the growth axis, and their composition was equal to that of the melt, thus corresponding to vicinity of
congruent melting composition. Spatial distribution of Ce in La-GPS was also inspected, and no variation of Ce
content was detected as a result of its similarity to one of the host cations (La) regarding the size. Basic optical and
scintillation properties of the Ce:La-GPS crystals are also reported, and it is demonstrated that partial substitution of
Gd with La has no negative impact on crystal growth and physical performance of the crystals.
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Growth of Sc doped RE;Al;0;; (RE =Y, Lu) single crystals by micro-pulling-down method
and their scintillation properties

K. Kamada'?, J. Pejchal"3, M. Nikl®, S. Kurosawa®, Y. Yokota', A. Yoshikawa'**

1. New Industry Creation Hatchery Center (NICHe), Tohoku University, 6-6-10 Aoba, Aramaki, Aoba-ku, Sendai,
Miyagi 980-8579, Japan

2. C&A Corporation, T-Biz, 6-6-40 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan

3. Institute of Physics, AS CR Cukrovarnicka 10, 162 53 Prague, Czech Republic

4. Institute for Material Research, Tohoku University, 2-1-1 Katahira Aoba-ku, Sendai, Miyagi 980-8577, Japan

Abstract:

Sc doped Y,Lu;,AlsO;, (v =0-1) single crystals were grown by the u-PD method. EPMA techniques were
employed to check their chemical composition. Luminescence characteristics were measured. Anti-site defect-
related host emission was observed within 280-360 nm wavelength. The light yield was increasing with Y
concentration and with an optimum for Sc2% concentration. The Sc 2% doped Y;Al;0,, showed the highest light
yield value around 30,000 photon/MeV and 670 ns scintillation decay time using a photomultiplier detector
(R7600U). Substitution effects of the Lu site and their influence on luminescence and scintillation properties were
studied.
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Improvement of scintillation properties on Ce doped Y3AlsOq;scintillator by divalent
cations co-doping

A. Nagura', K. Kamada®?, M. Nikl*, S. Kurosawa'?, J. Pejchal“, Y. Yokota?, Y. Ohashi', A. Yoshikawa'??

1. Institute for Material Research, Tohoku University, Sendai 980-8577, Japan

2. New Industry Creation Hatchery Center, Tohoku University, Sendai 980-8579, Japan
3. C&A Corporation, Sendai 980-8579, Japan

4. Institute of Physics AS CR, 16253 Prague, Czech Republic

Abstract:

The Mg co-doped Y3Als0y,: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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