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Preface

The research reactor at Research Reactor Institute, Kyoto University is a very useful neutron
generator, providing us neutron-rich unstable nuclei by bombarding nuclei with those neutrons.
The produced unstable nuclei exhibit aspects distinct from those of stable ones. Nuclear
structure studies on a variety of excited states reflecting dynamic nuclear properties are one of
fascinating research subjects of physics. On the other hand, some radioactive nuclei can be used
as useful probes for understanding interesting properties of condensed matters through studies
of hyperfine interactions of static nuclear electromagnetic moments with extranuclear fields.
Concerning these two research fields and related areas, the 3rd symposium under the title of
“Nuclear Spectroscopy and Condensed Matter Physics Using Short-Lived Nuclei” was held at
the Institute for two days on December 20 and 21 in 2016. We are pleased that many hot

discussions were made. The talks were given on the followings:

1)  Nuclear spectroscopic experiments

2)  TDPAC (time-differential perturbed angular correlation)
3)  B-NMR (nuclear magnetic resonance)

4) Madssbauer spectroscopy

5)  Nuclear Resonant Scattering

6) muon

7)  positron, etc

We hope that this report will contribute to a progress in the related research fields.

March 2017
Yoshio Kobayashi  (The University of Electro-Communications)
Michihiro Shibata  (Radioisotope Research Center, Nagoya University)
Yoshitaka Ohkubo (Research Reactor Institute, Kyoto University)
Editors
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Figure 1 Local structure of complex around iron. (a)
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Figure 2 Reaction scheme for synthesis of bridging ligand dmbpb (R!=H, X=Br) and tmbpb (R!=CHj,
X=I).
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Fig. 1. 5"Fe Mdssbauer spectra for (n-CyHzn+1)4sN[Fe''Fe'"'(dto)s] (n = 3 - 6) at 200 K, 77 K and 4
K. A: Fe'''(S = 1/2), B: Fe''(S = 2), C: Fe''(S =0), D: Fe'"'(S = 5/2).[2]
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| |
| Solvent: MeOH/H,O |
900 TO0
800 R=Et 500 R =Pr
5 z ™ -RM 2 w0 ~RM
s © oo ~FCM e ~FCM
L L 500 ~ZFCM LS 400 ~ZFCM
E £ 400 )
E £ 300 £
= = L 200
- = 200 :.':
= = 100 100
0 0
0 10 20 30 0 10 20 30
T(K) I (K)
| 1
| Solvent: MeOH I
300 1200 900
__T00 1000 R=Et 800 R=Pr
S 600 z 700 —’RM
T 500 < 800 600 \ ~FCM
= I - - .
£ 400 S 600 500 ~ZFCM
= 300 E 400
2 £ 400 300
= 20 - N 200
100 = 200 100
0 0 0 -
0 10 20 30
T(K)

Fig. 7. Temperature dependence of the magnetization for (SP-R)[Fe''Fe'''(dto)s] (R = Me, Et, Pr)
synthesized by MeOH/H,0 and MeOH solvents. FCM: field cooled magnetization, RM: remnant
magnetization, ZFCM: zero-field cooled magnetization [9].
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LED X, FHAITEEMISFTHLAERE T U ERA A& LTEALEZRIES
B R ?W‘%éfﬁﬁé:\%‘{ZIK(SP-Me)[Fe“Fe'“(dto)g] IZB VT, (SP-Me)[Fe'Fe'"'(dto)s]iZ %k 4+
HEBETHZ LKV, SPOKEMALE B & L C[Fe''Fe'''(dto)s]/E TEM B BIFHIZE
NEZIDZIEEZAAN T —BHIEICIVEEHT LI ENRTERL, TNEILHIZERRS
57, TRl SP-R (R = Me, Et, Pr)%& [Fe''Fe'"'(dto)s] 0 Jg M (2 #fi A L 7= eI & A
B - MEEEH S 85 (SP-R)[Fe''Fe'"(dto)s] & A Ak L. & D Bafb 3 L OVBa b o IR BE (K A7 1 %
7z

Scheme 1. Molecular structure of SP-R (R = Me, Et, Pr)
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Fig. 8. Temperature dependence of 3’Fe Mdssbauer spectrum for (SP-R)[Fe''Fe'!'(dto)s] (R =
Me, Et, Pr) synthesized by MeOH/H,;O and MeOH solvents [9].

13



Fig. 7 12 (SP-R)[Fe''Fe''(dto)s] D #afk D IR EEAK FFME 2 7R 97 [9]. Fig. 72 BB & 872 K 9 1T,
SRR ORI VVIZI SP OEBIE RICE LLIKF L. E-AMEORBICH L THEL
HRAFET %, B MeOH/H:0 THB L% G, R=Me 35 XU R=Et Tl 2 B o mf 1
WA ERT, —FH. R=PrCid1 BEROMBEEEZ T, BILEOFEZFHITHD
L. R=Me TIIEMBEHERICHES e AT U U ARBAEROEELIIZHN D DI %t
L. ABERZLICR=EtTCIZE AT U v ARBENR W, 1 EEOEEEEE 2RI R=
PrickBW T b bRICE AT Y v R T8NV, ZTORKREZHEL D, P=73GPallP
DB REB L OB DIRERGFEEZH /L Z A, R = Et CTIXEMNBEHEGRE 2 5t
L7 AT U ABRBALRICE N, £, EAIOHEKRE L HIT Tc=25K, Tc=8K & X
ML U 7= BaAb 28 L, #7212 6.5 K IZ ZFCM O K # FF st RN =, o2 &
N, HWEICBITS R=EtO2EBEOMBEMEZIHEMICERNTIHLOTHY ., &
JETF CHIZ 6.5 KDMBMEEEENEREMICERNT I LOTHDLZ ENNNhoT-, — .,
R=Pr CIZJENI DR E & HIT Te=11 K Z W L 72 b 2334 L #7211 6.5 K IZ ZFCM
DK ZFFOBBMEMPENTZ, 2O b, HEICBIT S 11K OEBEEMLRZ TS
EAICERTA2HDOTHY  &SETTEHNZ 6.5 K OMBEMHEENKIEMICER TS H D
ThHZ ENghol,

— )5, B8 MeOH TAKR L7ZHA. R = Me, Pr CiT 1 BEBE O8I 2 4 0%t
L. R=EtTIEHMOyMICEMBIFEGEENEZ Y, 2EBOMBIMEEENELEZ o TWD
EEDOND, 2D L EEND DD ES MeOH THA k& L 72 (SP-R)[Fe''Fe'"'(dto)s] ™ *'Fe
AANG T — AT NV AEFH72[9], Fig. 81X 200K /"5 20K £TD SFe A AN T —
AR MV THD, Fe AANT T — A7 MUInBLH LN X 52, B MeOH TH
L7284, R=Me, Pr CITEIBEMANKRIEE CLENARL TBY ., Z O &EIRMENEBNEZ 3
BIETWDHZ L, R =Et TIEHMOMICEMBIMHERNEZ 2700, 2 BFEO MM
B EEZ L TWVWD I ENyhhol-, (SP-R)[Fe'"Fe''(dto)s]ic B 2 stz B L OV
MBEFHEERE S SP OEBME RICE LKA L. ELLARFOEEICK L THE L KLF
TOHZLEZMATHICITEMBROEGRE B XBEESHETALETHY, 5% ORHE
Th b,

4. fEwm

BN TR Ay 7 a 24— N—EIRICH HIRA R FMHERTIEZ, REAROBEHT X
NE—NEROLEEICRDLIICAE U EEBMPEEH L TEZ L8 LW OMHEREB SN
M 5., FEBE., e, mEME2R TSRS IR - MK
(n-CnH2n+1)aN[Fe'"Fe'"'(dto)s](dto = C202S;) ICEB W T=EEMNDLIREEEZ FTIF T &, 2o
BENERETHLICHLBROLTETN Fe!' 05 Fe'" I —FICEMBEN I 2 & 5 is
BrAARNTT =X THLNMNI L, £/, REBHEES T THIAEYBE T U ExtA
F e LTEANLLNISEMEAH - BEEEE S 85K (SP-Me)[Fe''Fe'"'(dto)s] (SP = spiropyran)
B WT, A ERE T2 2 212XV, SP-Me @Y EMEAL 2 S/ & L T[Fe'"Fe''(dto)s]
JE CEMBEIMMHBBE N D Z L2 AANTD T —SHICLOVHLNITHIENTE,
F 72, (SP-R)[Fe'"Fe"'(dto)s]ic ¥ 1) B MR B L ONEM B EMHERE S SP O@E#E R
WCELLIEGFEL, FAREOEBREICH L TOLEFELIEKGET DI N0 oTaRn, 2D
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Chemical Classification of Chondrites by Mdssbauer Spectroscopy

PR E R BRKET?, EHEABTEL®
HIERS | B 2. BFHIEM . WBERRE®
M. Nakagawa!, W. Sato'?, N. Shirai®, and M. Ebihara®
1Grad. School Nat. Sci. Tech., Kanazawa Univ.,
?Inst. Sci. Eng., Kanazawa Univ.,
$Grad. School Sci. Eng., Tokyo Metropolitan Univ.

1. [ ZL®HIT

2y FT 4 MEAIIKRERAEMFFORRIEKORELRAFAL TEY . ZOBEAZMAT 5 FM0 7T
FOOEOTHDHENT, FERIROAEFKIEIEICIN U TR REWEE L 5, TDizHa L K74 MA
AR OEREHIOWRIL, BFREZEY B EREZMD FCREFEE TH H, AW TIE Fe 2
AN T =3 EE AW T, SEMRAR D R Dkk 2 7p 2 R A4 MEAPOSKOIREFENT 21T - 72,
AZANGT =5 t1E T Fe OB AREEICE L TREBERANENFTRETH 0 | B2 ERKREBO £ £
#Eﬁ%@ﬁlm‘f%é}:b\O?FIJEz’J%ESO ZORREIENL, 2 FT7 A4 MEATOEREAEIM DM
AR 2 FEREE CIRIE T 5 7o O D T b F R LD 2 Hig LTc, =2 R A FKEEUD{K%E’J’\
BT R R OB LIETC R A XM L TV D EEbil, = AZZ A har K714+ (B).

WA 748 (H, L, LL), KFEHE=a RI7A4F (C) 7 —TpiFsnbd, £, ﬂéﬁbb\/}?
ATELTRAVIFIA M KAy RFIA FbWESNTND, ZORBEIE—KINT LRtz L
EROWTTOIDD, AANT T —=5HEOHRZRHNTIT) 2 LN TEIIE, EERBA DMK E
705 L EEITZADTZOIEFITAERTHDH L2 D,

2. FEr
HEREIO 2> RT A4 MNEAO—E% Table.1 |23 Lz, HMARRIC L7 Table.1 HIEH0EH
&R 3R 100~200 mg (20U T STFe 2 A8 7 — 3R L Y (Bt & 508
SR CHIE L7-, Saratov. Allende IZ 2\ TiX 6 K TORIRMAE H1T- 20 548
7oo MRIRIX 75 MBg @ ¥Co (Rh HIZ/ B S H 7= b D) #fH L, S 541  [Saratov L4
T AT FVIE aFe DEIFB AT MUZ L D EIEE{T - T2, MIL07710 L4
ALH76009 L6
3 AERELEBR Allende Cv3
Wil K74 b LIZE S LD Saratov D A AN T — AT KL MIL091010 ova
Z FigllIR LT, oA RENLDOLE LT, A BIESEDTH D _
Murchison CM2
Olivine ( (Fe, Mg),SiO4). Pyroxene ( (Fe,Mg,Ca)SiOs3) IZ)F)E 415
PCA91002 R3.8-5
doublet A7 B S iz, ZAUH OIMIZIE Fe R F- DAL BB A b

16



M 2FERAGFIET B2, K2 TT 4T 47 o -
ZATo7=, ZHUTINZ T 2 0 sextet il 5y MM < 100
M, %737 A —H 5 Troilite (FeS) & Fe-Ni (27 )&
Shiz, ZHDlE—Hicay R4 MEAICEE
NHEMTH Y . Saratov & FIEEICE @ KT A K
T& 5 MIL07710, ALH76009 (28T H &8 < h o |
7o ZHBDORSIITINAZ T, Fe*d doublet 545 & 1 %4
B SH7=, ZAUZDUT M.1LOshtrakh & [1]i%. KR ot
THITE AT X ERA B L RAE T 5 & -
WARTWND, £ 2 TABZEEIZEN T 6 K TOIRKIR
BIE BT ToM, AT MVGRERHIM L= D0
B e T BI S T, M ORIEICITE S A2
0710 FeX* D R IR IR 2iS 6 K LL R TH D854 o , , . |

L AR BT VIR TS L E X BID, € 4 velocit:{mmm ! §

m%’féfﬂ‘/ K74 b CM 257 & 4% Murchison

DEEICET D A ANG T — 227 L% Fig2 |5 Fig.1 Saratov ® A A/ 7 —A7 L
L7, Olivine, Fe* D32z T, §=0.30(2)
mm/s, AEq=0.70(5) mm/s &9 /3T A —H & FFD
doublet %77 75 26.3 (8) %@ < 417-, £ Db B
2 X BHEAHFZE[2)IC & 0 . Murchison X8k A &
BALTHWDZERHALMIR>TVNDICHEDLS
LWL FT A OIE URRE Y KT b T _ :
5 CV ZA 7D Allende, MIL091010 (ZHBWTHH Velocity (mm/s)
iz, Troilite (Z)FJE X5 sextet AR B S /s
Mmol=, Ko THALERFEAS Troilite & I1XHE 72 280 %
ﬁ?ﬁfib“(b\é PRI, 28T A—215 2 O doublet 553 1E Pyrite (FeS,) TH L EEZ B

o —HRMINC 3 R4 FEAFORALENT Troilite & L CHTHT 2 Z &ML TS0,
Pwm®ffiCMﬂ/%74F®k%@%@f%5k#ié AIEIRFE =2 RI7A4 boY7
IN—T &8T5 EITbEEDEZEZDBND,

AWML TIT T2 T OO RT7 A MEADRAZANT T =G5 HEE . BERO A AT T —555

lﬂ?%‘ﬁ ZEDICHME (ex[3][4]) =B EIT, #Helray K74 MEADILFRSEIEIC OV TIRET

o —IREVIZ, FEMIERRF DBREEIC I 1T D LR ITTAIFIT ISV T, Olivine, Pyroxene 72 & /-
4’@1 RIS, Fe¥ 2 B efimiE TER(brvsid) L IFEALCE 0 | Troilite <° Pyrite 72 & OiiALSL
Y. FeNi7e EO&RIMIT BEICIEEY | EMHENTWD, ARANRTT =AY MBI 54
B DS bbb Fe JRFEULIZOWT, BN EM LRSI OB 5. MR E TS O &
a7y ML E 2 A, Fig3 IR d AR, KENTIEH LD, 2 R 74 MEAOFEH

99
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97 r

96 -

Transmission {%)
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9% |

95

Transmission (%)

Fig.2 Murchison ® A AN 77— A7 [)L
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M ENTEY | ALFRY D A HE
PEa RET DRERP GO, L LK
FHEa RIA4 MOV TTIESL&E RN
K&, oXATDHL0 L DOXBIMNK
HTHLZ LWL, T, RITH
#i(Z Olivine, fitdiliZ Pyroxene @ Fe Jii¥-
Btz ~7v v s Lz (Figd), i@z
K74 FTHDHH, L, LL ¥ A 7 TiE,
Fe |Z Olivine & Pyroxene &5 51282 <
DAL TNDZENRGnd, Tl
TV RAEEA hary RIA b, REE
2y RI74 M, Rar K74 ME, Fei
Pyroxene HZIZ & A EGEN TR
DffE EAHTIc T ey hEivd, O
BlcL Y, @z RIA4 M2
AATDay N7 A4 NI 5
ZEMNTEDL, LMLE, CL R¥ATD
SYRRITEE LoD IRIFAEERIC FeNi, #iE
#ihlZ Troilite <° Pyrite @ FeS fH? Fe Jil+
¥bea7m s b Limt 24, Figs loRT
MBEE&, =V AXHAL har RIA4
Nid FeNi#H, FeSHHEBL HIZH %< Fe
DL TWDZ ENghDd, Ut
LRFE=2FIA4 M, R RIA4 |
X Fe DAHNEL B I—FITw-> T
B E WD EE SRR T2, T TiEh -
EREN Bl 'm y FERD, Ko TZo
BN D, o AZZ A Fa L KT A K
L IRFE U RIA MERRIIR2VR
TA NEXBIT DI ENARETH D, L

FeFe‘Ni"' FeFeS (mol%)
o - =]
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Fig.5 FeNi #1 & FeS H10 Fe Tt O FHR

| JONuNON R
A®Er~Tm

MWLR AV FIA MIFERITELWHATOLOTHY , BEITA AR T —43 28031 T i

TR T2UNTZ

SEIZOW g T D ONEE LV, AT THIE 217> 7= PCA91002 (22U T

X, CVEATDHEDEART MUPRIEFIHALLTEBY . ZRUHOSEEICBWTHIRFE 2
K74 FEDXRMNTREETH -7, o, Hl=a 714 FH, L. LL Z A 7 O5FEIT DN T
. Fig3lZBWTKENRBEMITAOND OO, FMEIZKBIT 2 Z LI TE RV, Lo
FEEANVTHLRETHL ZENMOLNTEY, AANRNTT =Kk EE DIk A R REEAT
WV, RAEICHETT A NER DD EEZDLND,
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4. £ ¥

AWFFETIZ 7T DDy KT 4 FEAIZOWTA AN T —45HHIE LTV, Fe DA 2 i~
2o TORERZIGHL, AANT T —HEOHREHNCIERETITH DT L3 RIA
N BB DAL RO Z BIE Lo, 30N AT MVORS L, T 706 Fe JR -4t
DWT, BRI LR ICRIIE ORI A T ey N LTc & 2 A, ALFRIEO AR E RE T S
FERDF BTz, Olivine & Pyroxene DB G, il RTA4 M ZDfio = KT 4 ~ &
WElZ 5 Z &R TE, FeNifHE FeSFHOFBIMN S, U AX XA ha v KT A e RFEE 2
RZA4 FERIZRIVRIA NERTHIENTES, LMALRFEHEIV RIS FERaV KT
A NERET 52 LITBRATCIIREE Ch o7z, FloFla s FT7 A MOV TH, RS
NHHDOD, H, L, LLZ A 72 AMICHET 22 LI3REETH Y | Bix RJEEE HOTRER
WZHIBT T 2 ERH D EEZOND, KIEOAIMEELHZET DH7-0I12, A% bolEHEar FT
A4 FMEAZHEL T FETH D,

25 3K
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Observation of Vacancy-Hydrogen Complexes and Vacancy-Type Defects in ZnO
by Positron Annihilation Lifetime Spectroscopy

SRARBREER ERREL 2 BRARRHE?®

BKGLE T, LB V2. =R S, BERD L BHEGIES REER S
H. Shimizu?!, W. Sato*?2, M. Mihara®, T. Fujisawa!, M. Fukuda3, and K. Matsuta®
!Graduate School of Natural Science and Technology, Kanazawa Univ.
2Institute of Science and Engineering, Kanazawa Univ.
$Department of Physics, Osaka Univ.

1. [ FL®IZ

B AL B 60 (ZnO) it BIEICB W T 34eV DLWV X ¥ v 72 oYU KRYE TH
D, ZOHMHDED, BREAFT— R EOMEET S ZA~DIGHARHHEIL T
Do LILZeRG, RR—7ICbBbod, BEELR EOBEA K T XIS HY T
FICEY nBWREEEZRT O, BEET XA A0 O p Bl Zn0 O IZE W TK
TREELRS>TWVWS, ZOERKRD —>L L TARMMAKIENEZT NS, Rk HE
IZ ZnO OFEMKREDOBETEATIEEbNATEBY, 72, 272 < Lt 03 atwb &
T2 WELH D[], 6, BWmerFEICL D &, RHiKFEICEET D K
DR =X NVF—IE, FFT—L L THEGT 5 ZnO OFEA KM T o 25 Bk HE 2L 7 [
ML VIEWED, RMHKEDO R F—L L TOHFHFEIRETVWEEZEZLND[2,3], F
oo R AKFITH TR EBEGEREER L, WMEE RIFICE( S 5 e 5
ENTWVWD, ZFZ T ARKFETIE,. ZDO—2>TH DI ZEFL(Vzn) - KFEHEH A K (Vza + nH)
WHEB L, V2o ld ZnOHF TT7 7 ¥ — L LCIEDEE W, $7-, AEMMEL2EE TS
EHEMEIN TV IHRBHUMAR—Tr P LERVEIEEREARBETH H[4], L
LB, R AKFED Vo OFEFICHFIET D5 G Vzo + nHIZESLIZTE K S 4L, Vzn
DT 7T H =L LTOMERERINGE IND ESPONTWDH[5], 24 E T Ve +nH OFF
FIZOoONWTHZLMEINTELEN, TOBALREHICET I IERITIETE+HD TiEewn,
ZOH, MR ZnO OMHEFEMC AWM KFZOER2BRELZ R TICHZ D . Vzn + nH
OBZEMICETIHAFILELRARTH D,

AW TIEMET O ERELBRGOREZFEMT 5720, BE FIHBEEM DN
EPALS)ZFE I L 72[6]. BEFIIWETOEF LM T IEE. ZTOHFMITHIKRYT 1
NOBEFEEICKAST D, rHEBRERKRL T, EARKEOEFEEIFEKNZD,
ZEHRRMIZB T A2HEFHFMIIELS 2D, T0D, BETFHFmr b2 LA Ko
RESEHEETE, o, TOHBEENLZBLRELZFMCcCE S, &b, BETF
WG A A OEABLOEBEBLRNFER2EALICRELL TV, ZOFE 5 Zno
DNz FFRMICBIETE D,

AWFZED HWJIXPALSIZ LV ZnOH D Voo IZHI 18 S 7= Rl KB OB 28 2 B &
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MIZTHZETHD, T2 T Van+nH OFEIORMALEZ B E LT, BEMEZICE
D ZnO HERBIC  H 2K L7z, 20%, ST =—U 71210 Vzn + nH OB 2
® & B L 72,

2. EB

ZnO T D Vz, + nH O X8 2 MBI+ 5 728 . KK K5 D Van de Graaff il 25 12
XV 3.5MeV D H"Z KB AR ZnO B (10 x 10 x 0.5 mm3)IZ R H L, R KkFED
RETEEZ#E NS, FFEa—FTRIM XV, HORBEIZH 44 £3 pm & BEL 5
N7-[7]. PALS & IZ1X# 500 kBq @ ??Na Z i & L CTH ., fast-slow [A] FF & %% 1]
WXV HlEENT, O, B 57 PALS A7 hLZ NN )L T R V72 ED /N E
WK 2 FF O ZERICB T 2058 IR E B E L 7= 8 FHmAaks (Component 1), ZE4L
7T AL =R HME MR EBE LK H M (Component 2)F X ViR EH R T
ERINTZEEZLNDARY bu =7 ADHPAK S (Component 3)D 3 A/ 1257 fE L |
KRRy D F A (rn, 12, 13) & T TREE (1, 1o, 13) &2 72, L L7Z2H 5, Component 3
DR BREIXIEFICNEL, £, ZORD T 74 v T 407 0#EELE, Mxzbn T
WD, @R GE LRV, Vzn + nH OB EE 2B+ 2 720, BREREIC
393-1,773 K DR EHH THEKEHA F. 1BHOESET ==Y 72170, Bk, =
I C PALS #I & 21T - 7=,

3. MR L EE
MO HBFOEBZOWTHER T A0, HRFAI#Z O Zn0 HEEA» 555 hH
72 PALS AX7 FV % Fig. LIZAR T, T L VB OB EMRD EEEMER D EZZN
TIEREMBE TR L, HBHAORE L VSN PALS A2 b EFHFm
DGO EOGEFHFmMIZZINO WHERICZEDO VD FEET D L& LT,
H %, EFMAROPHB L NG, BEFICKD2EAL 7 T AX —DEENP RS
iz, UL Lednn, BEIC LD ZEALRK
a2 s ic b b 63, o2y 200(1)
ps 7> 5 161(15) ps (2P L= 2 & IFFEH I
BLORVE VN, Z O ITBE Sz T H A Vz, 10
I, HERPER I Z & 2T
mLTWb, £/, B@mitA LV EBR I
7= Vzn + 2H T D5+ 5 471 (1,4 2n = 156 ps)
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® PALS spectra
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Positron Annihilation Experiment on KUR Slow Positron Beamline
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1. 1ICDIC

ST A B T RIS O - R R R 7 B — A T A L SRR B R T4 (KUR) (2 351k
AUL]. 2014 4 4 AIZIEBE - E— A DD TOEY B LIZEE L TV A [2], 2014 45 A LUK, KUR 1X
BRI EE~OBEAVEMR O 72 OEIR A5 1R LT 528, KUR FR#1# ICITIKEGE v —L T 1 v
THIEFFIAZRLGT 5, AT, KEEE T E— 22 AWCEE FHEBRIEEZT ) ERE. BENO
fih o> R EEARE G R - B — AR & 72 KUR OFFE, KUR RGBT B — A 7 1 OBZEIZ- DV T
WET 5,

2. WrEE A IHIRIE TS K UM G EE 1 B — A 2 IV 72 B FE - TE DRI E

EDEN & FFOGE T IIAEMM BT HIAEN D & | [F U< IEDQEM 2RO 1440 b R &5
%o FODTOFERFER T CIIBE 13 TR B A > THEIET %, — 5 ORI 22 L0022 1L
ORI EOZEHTURMNFIET D L BHE 13 Z ONE TR NS ORI EZ T 20z, BE
ITZE AL R Gl ZHiE S5, lE . R UL T10 DR 2B AR RS IS HFET D & AR L& 10
— IR ZE AL S S e R EUE TLO* DR 22 ALMFE T 5 & AR L7EBE 7 OIZIEETH
JRFZEFLICHE S LD Z LT D,

FTHIAEN T B TR E T & xHHEB L, 511 keV OIEIEAT o ~#%E 2 K45, 2ok x
B a1 DNREHITIT HIAE LT xR A i 2 3 % TOREHE (BE1-Fmt) 1T PBIC X5 E O
BN BT D BB En, (atomic unit) IS HBT L, ko & 9 2B H A [3],

1
= 2x134n,

ZEHLR M COBEFHE LI FRMLE TOTN LY b/NSWIZ &b, ZZHRRIMAIZHHE S hiz5E
DB EAFamtid, 22U R K S PICRFRME CHET 2588 L b EHEM LT 5, 72, B
JRF22 L LD b, ZEHEAETOBRBFEEIILV /NS T THERT 2BETFOHFMb T E
kL CREHMEL, ENENEAOFEMBEZFFO[3], L7eh - CHE T & & O iR 2 3l
52 LT, BT OZEARKMEOY A X LREDOTEREMBET L3 TE D (HEFFMITE),
£, BT EET L OHEERE TIXEB &P RESND 20, M <O R L F—I3

T x 103 (ps)
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WA FoMIET L ko 100 10 g0 10n 10
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BRKGIZHE SN TV AEARIIE Ry 77— 7 K
BO/NSWH U~ BRORERNEZ D72 OMIEY v~ B XL X —=50 O v — 7 RN e85, =
DX IR o~ BRI AT =35 L, TOE—27IREFHMET % Z & THEBH P 022 fLAIK
MDA X« BEEICEST D 1EREMIET 2 ENTE D (HET Y~ Ky 77 —IRBILN 0 HE),
R OBIE T AT 2Na BEBED D BN SN2 5B 52 2 O F FREIASAH ST Thil s,
L7 L 2Na B2 B S D B5E O = 1L X — X HAA TIiE7ZR < 0-540 keV O#GFHCoAm L, B 213
Si ODHATIFHKTIV A— MA—F—DRSETRERATL, 20X 57 2Na bl Sh b 5%E
T EBREASAS S8 2 FIETIE, A A EASETA U DB RO KM EICRE Sz
HEBEUER O K78 & 2G5 2 SIEREECTH D, & 2T RO O B E I REIE &
1T 12D BB D= F—2 Hafb LT REGE B — 22 H 5, Fig. 113 1 keV, 5 keV, 25 keV
DIGFEF % Si ~AFHSEEBEORARS DA EZRLTND, BEFE—LADT R —2 A LTS
ZET, T AN I A= —DEEDIRE ~DE A OIEANRFEEICR D,

Fig. 1. Positron implantation profiles in silicon

calculated for different incident positron energies.

3. KUR MHEWEE - — AT A L OFF#H - %

TRV — Ol o TAREGEF ©— L & 152 I3 E keV 205 MeV A — & — O @ kL — [+
i eV ETHET D MENH D, ZODIZ, BEFICH L TADEEREERF>Z v F AT L FED
W ZPWGEM & L THWD, Lo LZE DR (IREBE - ~DOEHZH) 1% 22Na #RlED O i S5 B
BFEFZ AT TRIET 2556 T 104103 RE & m < RV, £D72) 2Na 50D Rl #B5E R & 7
O TIHR L B IEEGRCIR I X 2 R ERCE SR E R IR & L CHW @ R IREGE 7 v —
LRI DAFAET Do AARENTIFEED & 24, mT /L X — IR IEHAE (KEK) | 2EZEEATR A b
ZEAT (AIST) . FE KRR T EBRFT (KURRI) O 3 AT CrEdREERE T — 22 HAT 5 2 &2
TE D,

KEK Tl 55 MeV B -#IEIE %2 R L 5x107 e*/s DIEGE T E— ARG 6N T\W5, ZOEHE
B 1 B — AR O B — A RERAEE & [7] U 50 pulses/s (2L ATE 1us) D/L ABGE - E— LD
THHEEINTWD, DF VUL AINE 1 ps ORIZ 108 EDOGETDNRKTHZ L1720, ZoFEHE
THIE 21T > CTHIEEY o~ RSN XA VT v 7L TCLE S, D KEK TIF50E A,
IV AE—ADEETHMBEO W EGE R ERA]C, 7L A E—ADIE ) BPEGOERWVWARY e =
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HBEMLLE%E, Lo —L0F
A AT 2 & THE DC B—
SMELT]. TR ERTE e aniflE Fig. 2. Bird's-eye view of the KUR slow positron beamline.
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NMR of Short-lived B-emitter 2N Implanted in Water and Its New Applicability
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Abstract

The beta-detected nuclear magnetic resonance (B-NMR) in liquid H,O has been observed using a short-lived
B-ray emitter 2N (1™ =1*, Ty, = 11ms). A nuclear spin polarized 2N beam with an energy of about 20
MeV/nucleon was implanted into an enclosed water sample. About 50% of implanted 2N ions maintained
nuclear polarization and exhibited a B-NMR spectrum. Thus the chemical shift of 2N in H,O relative to 2N
in Pt was deduced to be —(3.6 + 0.5) x10%ppm. The longitudinal spin relaxation rate 1/T: has exhibited
external magnetic field dependence, implying the relatively slow motion for H,O molecules with the
correlation time in the order of ~107s.

1. Introduction

So far, the B-NMR technique has been adopted mostly for use in solid materials. However, in some case, we
expect that the NMR detection in liquid samples is easier than in solid ones even with the B-NMR technique
as in the case of the conventional NMR, since the fast motion of molecules in solution averages the internal
field distribution, resulting in narrowing of NMR lines. Recently, Gottberg et al. carried out the B-NMR in
ionic liquid at ISOLDE-CERN using a low energy Mg beam implanted into an ionic liquid material,
1-ethyl-3-methyl-imidazolium acetate (EMIM-Ac).[1] Another promising way to realize the detection of
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B-NMR in liquid is using a high energy beam that can penetrate a thick window. In the present study, we
have performed the B-NMR of short-lived B-ray emitter 2N( |1 * = 1*; T1. = 11ms) in H-O, using a spin
polarized >N beam with high energy enough to make it possible to use an enclosed sample placed in the
atmosphere.

2. Experimental

The experiment was performed by using Heavy lon Accelerator in Chiba (HIMAC) at National Institute of
Radiological Sciences (NIRS). The experimental method and the previous works on the B-NMR of N in
H,O are described in ref. [2, 3,4]. A spin polarized 2N secondary beam was produced through the p(**C,
2N)n reaction using a 70 MeV/nucleon *2C beam provided by the synchrotron at HIMAC and a 1.2-mm CH,
target as a proton target. The 2N nuclear spin polarization of about 9% is generated through this reaction by
selecting the emerging angle at # = 1°+0.5° [2]. The 2N nuclei were separated using the secondary beam
course (SB2) [5], which provided the polarized 2N beam at 62 MeV/nucleon with the energy spread of 3.0%.
Thus the obtained N nuclei were implanted into a liquid H,O sample through a set of wedge degraders
which are wedge shaped acrylic plates and a 1 mm thick Al plate as shown in Fig. 1-(a) to adjust the
implantation depth. The schematic drawing of the sample holder is shown in Fig. 1-(b). Distilled water was
used as a sample and its thickness was 2 mm, which was enclosed in a Cu holder with a 70 pm thick kapton
window.

An external magnetic field Bex: = 0.5 or 1 T was applied for the NMR and RF magnetic field B1 which is
perpendicular to Be: was applied by an RF coil to induce NMR. Since the incident 2N beam is slightly
deflected by Beyx, we adjusted its horizontal position correctly by using dipole and steering magnets of the
secondary beam line. The B-rays were
detected with two sets of plastic ()

Slde view )
counter telescopes which were placed Top i Window
\!1gnet pole - (Al 0.1mm)
above and below the sample. The O =
] B = RE coil Bm ‘ Vacuum
NMR effect was detected by using the ~ B-counter :
. . e | sample ’ "N Beam
asymmetric B-ray distribution from Gt
spin polarized nuclei. A pulsed beam s N
with a width of about 20 ms and a SRR
cycle of 3.3 s was applied to the (b) Side view

i i Copper backing
present experiment. The time sequence -

Distilled water
-~
I5mm * 21 mm

about the beam irradiation, p-ray 1 55 i
counting and RF operation and the - IR
method to extract the NMR effect are = TP
described in ref. [2].

To stop N inside the water

Fig. 1 (a) Experimental set up. (b) Schematic drawing
of the water sample holder.
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sample, we adjusted the wedge degrader thickness d by measuring the p-ray yield v.s. d as shown in Fig. 2.
At around d = 200-220 mg/cm?, the B-ray yield steeply decreases with increasing d, where the 2N beam
stops at around the front face of the sample. The shape of the slope reflects the energy distribution of 2N
from which we estimated the range spread at about 0.35 mm. Finally, we determined d = 104 mg/cm? where
the 12N energy just before the sample becomes about 20 MeV/nucleon and the center of the >N range
distribution moves by nearly 1 mm from the front face. Then, the >N beam could be stopped in the middle of

the H,O sample.

Depth in
H,0 [mm]

|
0.12 grrrrrrrerys

1 Number of 2N

0.105— o
0.08- s E
Fig. 2 B-ray yield in wedge degrader

' ' thickness adjustment and the schematic depth

0.045 E 3
: : P :  profile of *N in water when the wedge

B-ray yield (arb.)

002 E ' ]
2 i i @ 1 degrader thickness was set at 104mg/cm?.

DlDO:H..u..m S e S A s e
60 80 100 120 140 160 180 200 220 240

Wedge Degrader Thickness d [mg/cm?]

3. Results and discussion
3.1 Spectra of 2N in H,O

We have successfully measured the NMR spectra of 2N in H,O at 25 °C under Bex = 0.5 T and 1 T by
applying monochromatic RF field By as shown in Fig. 3 together with 2N in Pt which we also measured this
time. In the horizontal axis, the RF frequency v is indicated by the difference Av from the center of the NMR
line ve: for 12N in Pt. Since the polarization observed in H,O was (4.4 + 0.2)% at full effect by applying B:
with frequency modulation of + 5 kHz and that in Pt was (9.1 + 0.5)%, we could observe the NMR of N in
H,O at 25 °C for about 50% of implanted 2N ions. Here, we note that relatively small amplitudes of the
NMR spectra in Fig. 3 compared to the full effect are due to the relatively weak yB; to the line width Aw,
where y = 2z x 3484 kHz/T is the gyromagnetic ratio for 2N. The NMR lines in H-O exhibit 4o = ~5 kHz
FWHM which is broader than those in Pt. It may be due to the quadrupole interaction of 2N in H,O, while
no electric field gradient exists in Pt because of the face center cubic (fcc) symmetry in the crystal structure.
The observed line width in H,O is probably attributed to the averaging of the quadrupole splitting due to the
fast motion in H20, as in the case of the **N (I = 1) NMR in solution which sometimes indicates relatively

wide line widths in the order of kHz [6].
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Fig. 3 The B-NMR spectra of 2N in H,O and Pt at 25°C under external Bex =0.5T and 1 T.
The monochromatic RF with the field B, = 3 x 10 T for H,0, and By =2 x 10° T for Pt
were applied. The NMR line widths Aw/2z (FWHM) for each spectrum are indicated.

3.2 Chemical Shift of *N in H,O

To derive the chemical shift of 2N in H,O relative to 2N in Pt, the center frequencies for each spectrum in
Fig. 3 were deduced by the y2-fitting with Gaussian and Lorentzian functions to the data and the fitting
function dependence was considered within the error of center frequencies. Here, the definition of the
chemical shift in the sample A with respect to the reference sample B is defined as das = (va— vg) / ve. As a
result, the chemical shifts Jn.0-»t Were deduced to be —(3.5 + 1.8) x 10%ppm at Bext = 0.5 T and —(3.6 + 0.5) x
10%ppm at 1 T. Since these two values are consistent, we took the average and dn.0-rt = —(3.6 = 0.5) x 10°ppm
was deduced. In order to discuss the chemical state of 2N implanted into H,O, it is necessary to compare the
present result to the chemical shifts of various nitrogen compounds measured by conventional NMR that are
generally displayed with respect to liquid ammonia NHs as reference [7]. To deduce Jw.o-nHs, We measured
B-NMR of 2N in a hexagonal (h-) GaN powder sample whose chemical shift is already known by the N
NMR [8]. Since h-GaN generates the quadrupole splitting for 12N due to | = 1, the double-quantum transition
spectrum was measured as shown in Fig. 4 and the chemical shift of 2N in h-GaN relative to in Pt, dcan-pt =
—(8.1 + 0.5) x 10%ppm was deduced. Combining dean-pt and dh.0-pt, We could obtain dn.o.can = (4.6 + 0.6) x
10%ppm. Here, when we assume that implanted 2N into h-GaN reside in the substitutional site, the chemical
shift of *N for h-GaN can be replaced to that of 2N in h-GaN. Under this assumption the chemical shift of
2N in H2O with respect to liquid ammonia dr.o-nms = (5.3 + 0.6) x 10%ppm is deduced by using dan-nms =
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74.45ppm for N [8,9,10]. Here, we assumed the Ga(NOs); solution has the same chemical shift as AI(NOs);
since Al and Ga are in the same chemical family [9]. Figure 5 displays chemical shifts of 2N in H,O and
some nitrogen compounds containing H or O atoms which are possible to be formed by implanted >N ions
into H2O. It shows that the chemical shift of implanted N is different from that of any other compound, and
it implies that the implanted 2N forms the different chemical state from anything we have already known. To
verify the assumption about the 2N site in h-GaN, measurement of the quadrupole coupling constant for 2N
in h-GaN by means of the B-ray detected nuclear quadrupole resonance (B-NQR) technique are in progress to
compare with that for 1N [11].

8; L e L R S S B B S B E
6E “NinPt Aotz 3
4 B, =IT =(58+0.7)x 10" kHz -
2E V= 348413kHz
0‘ 1 ] ﬁ\ I I 3
\?é |i|=i=i|=i==11\‘1;|w‘11;|;‘r‘r‘r;
= E"NinGaN Aoz ]
I 5f BT =@5£05)kHz Fig. 4 The B-NMR spectra of 2N in
BoE * h-GaN and Pt under external Bex = 1 T.
> 2 E The frequency modulated RF of + 0.2 kHz
E b 3 with the field By = 4.1 x 10 T for h-GaN
Z - | and the monochromatic RF with B; = 2 x
0F \ ‘ | ‘ ‘|| 7 10 T for Pt were applied. The NMR line
1 3 ﬁ f widths dw/2z (FWHM) for each spectrum
: ERU DT T T S are indicated.
15 10 5 ] 5 10 15
Av=v—y, |kHz|
2N in HO
i =
liquid NH, / -NO, or HNO, : : -NO nitroso group
i = =
e
0 200 400 600 800 1000 1200 [pplm]
diamagnetice— — paramagnetic

Fig. 5 Chemical shifts of 2N in H,O by detecting B-NMR and some nitrogen
compounds by conventional NMR with respect to liquid ammonia. That of N in
h-GaN is calculated by using data in ref. [8, 9, 10] and the other data is in ref. [10].
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3.3 Longitudinal Relaxation Rate 1/T; for 12N in H,O

Figure 6 shows the time dependence of polarization for
2N in H,O at 25°C under Bex = 0.5 T and 1 T. The
longitudinal relaxation rate 1/T, were deduced to be
(52.4 £ 6.0) st at 0.5 T and (16.7 + 6.0) s*at 1 T,
which indicates a significant difference between two
fields. The relaxation might be attributed to the
fluctuation of internal fields which caused by the
motion, and the Beyx dependent relaxation rate suggests
the correlation time for the motion is similar or longer
than 1/wo = ~ 107 s where wy is the Larmor frequency
which is 2z x 3484 kHz at Bexy = 1 T. The correlation
time of free water is widely known as ~10"?s [12] and
that between 2N and H,O is much longer than it. It
means that the existence of 2N somehow locally
prevents the fast motion of H,O molecules. To measure
the precise correlation time, we have to perform further
experiments to measure the temperature dependence of
UT,.

3.4 Future Prospect

® B, =1[T]
O B, =0.5[T]

(=]
T

=
SRR

LI L L L B R

=
T T T

Asymmetry change ( AP ) [%]
=]
1 /
: Lal
I _/,g_

40 60 80
Time [ms]

100

Fig. 6 Time dependence of polarization spectra

for 12N in H,O at 25°C under
Be =0.5and 1 T, and B-ray yield and the
incoming 2N at that time.

In the present work, we have succeeded observing B-NMR in liquid H,O clearly. Using our technique, it

would enable us to study the behavior of isolated atoms or ions in liquid, and perhaps it may be extended to

searching for exotic chemical states that cannot be created by natural chemical reactions. In addition, the

B-NMR in liquid would be useful for the nuclear physics as a new powerful tool to measure the magnetic

moment of unstable nuclei.
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Fig. 1. Schematic drawing of the experimental setup for the f-NMR
of 8Li in LLZ at the Van de Graff facility in Osaka University.
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Fig. 5. Typical longitudinal relaxation spectra of 3Li nuclear spin in cubic LLZ at an external magnetic field By =
0.228 T.
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1. INTRODUCTION

It is well known that fluorine doped tin oxide (FTO) is so superior to tin oxide (SnO;) as a
transparent and electric conductive film with heating resistance. FTO film can be applied to solar sell
devices and hydrogen generation electrodes for photocatalysis, whereas SnO- has been used as various
gas sensors by adding catalysts because SnO; is sensitive to flammable gas over room temperature (RT)
because the electric conductivity of SnO, changes easily by reacting the oxygen of SnO,with flammable
gas [1, 2]. The H gas sensing mechanism of SnO,, Mn and Ni doped SnO. with Pd catalysis were studied
by 1°Sn conversion electron Mossbauer spectrometry (CEMS) [3].

Recently, the semiconductors with a wide band gap are expected to show RT ferromagnetism as
spintronics materials by magnetic ion doping [4]. Fe-doped SnO; thin films showed the RT
ferromagnetism [5]. In order to explain the ferromagnetism observed in SnO,, Coey and co-workers
developed the model of charge-transfer based dilute ferromagnetic [6, 7]. Some powders of sol-gel
synthesized Fe doped SnO; also showed the RT ferromagnetism of non-precipitated magnetic materials
[8].

When SnO; films were implanted with >Fe at substrate temperatures of RT and 300-C [9], the
implanted Fe species existed as Fe(ll) and Fe(lll) in SnO; films, whereas a part of Sn(IV) in SnO; film
was reduced to Sn(ll) in the implanted surface. The implanted sample at RT and the post-annealed sample
at 500 C did not show any Kerr effect, but the sample implanted with 1< 10! Fe ions/cm? at substrate
temperature of 300-C showed Kerr effect although magnetic sextets were not clearly observed in the >'Fe
CEMS spectra. The Kerr effect disappeared after annealing. It suggests that the number of magnetic
defects produced by ion implantation decreases by annealing. In the case of SnO; film implanted with 5X
10 Fe ions/cm? at RT, a small intensity of magnetic relaxation peaks appeared in Fe CEMS spectra. It is
worth to note that the magnetic relaxation peaks appear easily at low dose of >’Fe ion implantation. It
suggests that the dilute magnetism is related with defects between Fe3* ions.

However, in the case of Fe implanted SnO; film at the substrate temperature of 500°C, the clusters of
magnetite precipitated was clearly detected by >’Fe CEMS [10]. Thus the magnetic origins of Fe doped
SnO; based semiconductors are divided into two categories: Fe species incorporated into crystal SnO;
lattice and magnetic materials precipitated at relatively high temperatures. The dilute magnetism of >’Fe
doped SnO; by depending on the preparation conditions were reviewed [11].

The structural, magnetic, and hyperfine properties of Fe-doped SnO; for different concentrations and
distributions of the Fe atoms and oxygen vacancies in the rutile SnO; host has been studied by ab initio
calculations [12]. The ab initio calculations showed that two Fe ions sharing an oxygen vacancy are
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coupled ferromagnetically, forming a bound magnetic polaron (BMP), and that two neighbor BMPs are
aligned antiparallel to each other. Electron doping plays a fundamental role mediating the magnetic
coupling between the BMP inducing ferromagnetic alignment between the BMPs.

On the other hand, Fe is incorporated as Fe** state in pure tin oxide (SnO,) [13], but is of particular
importance to identify whether doping can be used to manipulate the charge states of Fe in Fe-doped
SnO.. It is also important to study as dilute Fe probe on the different properties between FTO and SnO; as
described above. We have measured the online ’Mn emission Mdssbauer spectroscopy (eMS) spectra of
SnO; film doped with extremely dilute concentrations of Fe (~5x10* at.%) [14].

Here we show eMS results of fluorine doped SnO, (FTO) by implantation of ’Mn, and clarify the
difference of SnO, and FTO films doped with extremely dilute concentrations of Fe (~4x10* at.%).

2. EXPERIMENTAL

In this experiment, FTO coated substrate glasses (1mm in thickness) (Solaronix co.) were used for
implantation of 5’Mn. The electric resistance of FTO film is 10 Q/1cm sq.

Beams of ’Mn (T, = 1.45 min.) ions were produced at the ISOLDE facility at CERN by 1.4 GeV
proton-induced fission in a heated UC, target, selected by laser ionization [15], and accelerated to 50 keV.
The 5’Mn ions were implanted into FTO sample heated from the backside with a halogen lamp. Around
102 S"Mn/cm? were implanted, corresponding to local concentration of about 4x10* at.%. Implantation
took place at 30° relative to the sample surface normal and eMS spectra were measured at 60° emission
angle relative to the sample surface normal with a Parallel Plate Avalanche Detector (PPAD) equipped
with stainless steel electrode enriched in Fe [16]. The system was calibrated relatively to the eMS
spectra of °’Fe in a-Fe at room temperature.

The Mdssbauer spectra obtained of FTO (Fig. 1) have been analysed in terms of the same components
used for the analysis of the Mdssbauer spectra of SnO, [14]: A asymmetric doublet labelled Fe(ll)
assigned to high spin Fe?*, a symmetric doublet labelled Fex, that was tentatively assigned to interstitial
Fe in [14] and a magnetic hyperfine field distribution assigned to high spin Fe** showing slow
paramagnetic relaxations, analysed in terms of the EmpBT model [17, 18], where the spin-relaxation rate
was assumed to follow a T2 temperature dependence as expected for Raman process in the temperature
range of the data obtained here.

The spectra were analysed using the Vinda program [19]. In the final simultaneous analysis, the
isomer-shift of Fex was set to follow the second order Doppler shift with temperature and temperature
independent linewidth.

3. RESULTS

Mn-57 eMS spectra are shown in Fig. 1. The Gaussian broadening of the left hand leg of Fe(ll) is
larger than of the right hand leg, as evident from the spectrum obtained at room temperature (cf. Fig. 1).
However, due to cross-talk with the Fex component at higher temperatures, it is difficult to evaluate the
asymmetry accurately. In the final analysis, the broadening of the right hand leg was assumed to be
proportional to the broadening of the left hand leg.

The central velocity of the Fe(ll) component (Fig. 2) shows a complicated behaviour. The data
obtained in SnO; below room temperature is consistent with dpr = 0.885(5) mm/s while the data obtained
above room temperature gives dr = 0.79(2) [14]. The data obtained in FTO, suggests dr = 0.84(1) mm/s
at RT, while there is a gradual shift of the line towards dr = 1.02(1) mm/s at 713 K. This value is similar
to the value &t = 1.01(1) mm/s obtained by Nomura et al. [9] after 101" 5’Fe/cm implantation of SnO;
films and annealing at 500°C.

The transition in SnO; at ~330 K was interpreted as due to dissociation of Mn-Vo pairs as evidenced
by the decrease of Fe?* at this stage [14]. Presumably, the data obtained here in FTO is above this
transition.

46



Relative transmission (arb. Units)

453 K

1 Fe(in)
[ Fey

543 K

-12

-8 -4 0 4
Velocity (mm/s)

12 -12 -8 -4 0 4 8

12
Velocity (mm/s)

Fig. 1: ®Fe eMS spectra obtained after implantation of ’Mn into FTO samples at the temperatures
indicated. The solid lines show the fitting components and their sum. The doublet components in the
spectrum obtained at 713 K are indicated with a bar diagram.

Velocity (mm/s)

w0

"‘-E-., - R
E g °FTO + 1 1
Zo7d +™0

'S ) 7
8 na L s ¥ b

o T '

: 3

— 0.9 4

E o ;li

— ) i

5 1.0 T T T T T T T
J 0 100 200 300 400 500 600 700 300

Fig. 3: Quadrupole splitting of Fe(1l) in TO (SnOy)
and FTO as a function of temperature.

47

Fig. 2: Central velocity of the Fe(ll) component
(negative isomer-shift) as a function of
temperature. SnO, (TO) data stems from [14].
The dashed lines show different second order
Doppler (SOD) shift trends.
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Fig. 4. The additional Gaussian broadening
(subtracting the intrinsic linewidth of the
detector) of the right hand leg of the Fe(ll)
component as a function of temperature. The
additional Gaussian broadening of the left hand
leg was found to be 40(5) % higher than the
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The quadrupole splitting of Fe(ll) (Fig. 3) is slightly higher in FTO than in SnO,, but in both cases
shows a decrease as expected for temperature dependent population of 3d orbitals as expected for high
spin Fe?". The line-width of Fe(Il) shows non-straight forward behaviour with temperature, rising to ~450
K, thereafter falling to ~0.17 mm/s at 713 K.

The isomer shift of Fex is ozt = 0.44(1) mm/s and the quadrupole splitting is temperature independent
in the range from 300 to 713 K with AEq = 1.06(2) mm/s. These values are indistinguishable from those
obtained for the Fex component in SnO2, which had &kt = 0.42 mm/s and quadrupole splitting that
seemed to go from AEq = 1.1(1) mm/s at room temperature to AEq = 0.9(1) mm/s at 711 K [14]. The
additional Gaussian broadening (subtracting the intrinsic linewidth of the detector system) of Fex was
determined Ao= 0.13(1) mm/s, which is higher than that found in SnO-, but still much narrower than that
of Fe(ll). The relative areas of the fitting components in FTO (Fig.5) show completely different behaviour
than previously reported in SnO; [14].

In SnO; film, there was a sharp annealing stage at around 330 K where the area fraction of the Fe(ll)
component was lowered, and the area fraction of Fe(lll) increased. The area fraction of Fex was ~5%
below room temperature, and increased to ~15% at 711 K. The absolute area in FTO shows no features,
and the Debye temperature of 400 K is consistent with Debye model.
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4. DISCUSSION

It is expected that F replacing oxygen atom would behave as a donor [20]. This would stabilize Fe**
over Fe*, which is supported by the data obtained here. At T > 600 K, the area ratio of Fe(Il)/Fe(lll) in
FTO is ~1.4, while itis ~0.2 in SnO; [14].

The temperature dependence of the isomer-shift (Fig. 2) and linewidth (Fig. 4) of the Fe(ll)
component can be explained by the presence of Fe?* in three distinct environments:

Fe2*-Vo: Damage sites characterized by &kr = 0.885(5) mm/s, where the 2+ charge state is stabilized
by the presence of oxygen vacancies. This is the dominating site at temperatures below room temperature
in SnO;.

Fes : Damage sites that does not anneal above 330 K in SnO-, characterized by Jrt = 0.79(2) mm/s,
the dominating component in FTO around room-temperature.

€s . Substitutional high-spin Fe?* characterized by orr = 1.02(1) mm/s, stabilized by F donors, and
is the site observed at high temperatures in FTO.

2+
At room tempezzrature in FTO, the spectrum is dominated by the Feo
+

, and as the temperature is

increased, the €s component dominate the spectrum obtained at 713 K. In the middle of the

temperature range, both components are present. This results in broadening due to mismatch of the
hyperfine parameters in the temperature range where the two components are present as shown in Fig. 4.
In Ref.[14], the Fex component was interpreted as due to interstitial Fe owing to the (Er) = 40 eV

recoil imparted on the daughter 5""Fe in the B decay of *"Mn despite the fact that the area fraction

increased from ~5% at room temperature to ~14% at ~700 K. In FTO film, the area fraction of Fex
increases to ~33% that is inconsistent with recoil produced interstitial Fe. From Fig.5, it is also considered
that about 10 % of Fe(ll) components change into Fex fraction by oxidation and about 10% parts of the
relaxation Fe(ll) components change into the paramagnetic parts of Fe(lll) with the increase of
temperature.

However, the temperature independent quadrupole splitting could suggest low-spin iron species, and
specifically consistent with Fe?* with S=1 state. It is not clear still what could stabilize low spin Fe?* state
in FTO.

The intrinsic linewidth of Fe(lll) seems considerably higher in FTO than in SnO, (compare the RT
spectrum in Fig. 1 to the RT spectrum in Ref. [14]. This could suggest that the Fe(I1l) component in FTO
is stabilized by defects causing broadening of the spectral lines, while defect free FTO contains Fe?*. This
is in accordance with the conclusions above.

The main conclusion of this work is that fluorine doping of tin-oxide gives rise to Fe?* instead of Fe3*.
Part of the iron (33% by spectral area at 713 K) is found in different form, possibly as a low spin Fe?*.
These findings suggest that it is possible with moderate F doping in SnO, to control the Fe?*/Fe*" ratio to
test the hypothesis of charge transfer ferromagnetism in SnO-.
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Table 1 Mdssbauer parameters of the spectra shown in Fig. 3.

Table 2 Mdsshauer parameters of the spectra shown in Fig. 4.

Component d AEq H I Yields Component 4 AFq H I Yields
mum s s T mun 57 k0 mum s o s T 1 57! k)
(@) =110 0000y <0000y 33300y 043(1) 154 (a) FeaOy (A) 03011y 000432y 497(1)  043(3) 24.0
FeO 14501} 0.54(2) 114 Fe;0,(B) 0.65(1) 0022y  4506(1) 0844) 528
superparamagnetic 05601y 0.58(1) Loocly 702 superparamagnetic 0.35(2)  0.78(4) 0.99(6) 232
by ST 01200y -0010) 33801y 0411} 137 (b FesOu( 1) 052000 00Dy 51.2(0) 0852y 707
Fe0 LASIOY 02001y 344000 0.92(2) 154 FegOy(ii ) 07202y -0 14(3)  46.6(2)  104i6) 293
FegOu( 1) 44900 00901y 31000y 0871y 309
FeyOu(ii ) 06001y -0 07(0y 459(1)y 1492y 370
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AT NVDOX T Ly MEFesOaDEHFEHIMEICL DD THY  TEM 4 (Fig. 1b) (2 J
bhvVEEEREMEICLIAIbOTHLEZE XN, L—HF—T 7L — a3 U TAERL
7za-Fe & FeO (LA) F/KHFTO L —HF —HHICK VR 23 MME S v, BedE & FIRFICR

T EIE L, FesOq(Ll) ~Efban/-Z
ERHL N LIRS T,

Fig5 ICtic=% /) —nZ Wiz & &
O TEM 14 % 7r 9, LA (Fig. 6a) X ¥ kit 18
nm O ERI KL 7 & B E W E DN IRIE L THA KR
L 7z, LI (Fig. 6b) [Tk 20-100 nm @ ki -
ThO LA TEEEDE N LR,
WIEEC K EH WL ZICHRTEEED NS
KFE-TWD, ZOEFERYEILE L RFEN
FERRTHY R & RIRFICEEE TR Z 5 2%,
b1 2T 5 IRALERIT — RIS IR B H &
MEL RDIFERLETH DD, R 72K
FIXRFERICEE L2V REEEZOLNRD,
Fig.6 IZIZTZ NN D XRD "% — v &R T,
LA & LI @i J7 T FesC A4k L, LI TlX FeO
LR BN, FIg7TIZLAD A AN T — R
R RV EIRT, 23K E1MKDOELLICHE
WTHFeCOEZ AT v hOBRTIET 4 v
hCT& 3, I FesC TR THWNERRE S D/ &
WAy (6=0.29(3) mm s*t, AEQ=0.04(5) mm
sTH=19.8(3) T (11 K)) & K& Wik
(6=0.31(2) mm s!, AEq=0.01(3) mm s },H
=29.4(2) T (11 K)) 2Bz, WHEB S 2/ &S
WD 1L, £ D /NT A — X — D FesCs &
BEIN5b,FeClid 4 >DY A4 FBRFET HIT
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Fig.5 TEM image of the particles produced by

(a) laser ablation and (b) laser irradiation in

ethanol.
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1
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20/ degree

Fig.6 XRD patterns for particles produced by
(a) laser ablation and (b) laser irradiation in
The labels C and W correspond to

FeO

ethanol.

FesC (PDF #00-0350772) and

(PDF#01-089-0687).



FThHMN, RERNS, ZNOENHT S LERETH - 72,

WNEB B S D R &

WA IZ DWW T, B RICEIHBEOLNRHME SN TWVWDY -FeuC DA XN T T
—RT A= — LT WMl %R LT-[8].y-FesC 1T CLE/y-Fe LR L fec &2 A
L., ZHICRFDRALERESBEORLZEHTHY, BRPL—F—T 7L —v a3 D
WMIREEKISG TAER LEOLABA SN, SO b Lzl &L TEEICHIEL
TWb EEZLND, ZTNHDOKDIEIXRD XZ —> TR T EFEMMEEEZH L
Tt EZ b5, KEREICEB W T FesC O BRI L., Fe;Cs D L4y L 2
DL TWDDE, FesCO—IZ << /MWK FTHDH7-DI, BT THEN/NS
<720 FesCsDE—Z LHEHMR->TWDH EEZOLND, TEMESY 7 Ly MIKERE
THERLEP-TZ D, M E2HZ2VWEERERILETHDIZENEZLN
%5, FIg8IZ LIOA AR 7 —2Z_LY hLZR$, 293K OHIE TIX FesC D& 7 AT

v NEEEMEY T Ly M2 24
(D1:6=0.17(1) mm s!, AEq=0.91(1) mm
s1, D2:6=0.87(2) mm s!, AEq=1.09(3)
mms?t) Aoz, 11 K O#E TERME
K7 bo/NEWEksy (D) 2% 7 L
vy hELTAELBNEZ ENDG, BER
R TH D EBZXbND, BMEKS
7 ROREWVWAS (D2) 1 FeO O A
8 AERL, T XRD /N Z — 2 b —
B L7z, LATHRLNTERILEED FerCs
RMELZTEMH Dy -Fe,C 1L LI TIHA B
P L —F—MEIC X EZE e FesC ~
FlelLizéEZExohd, £ FeO DL
I E O LA I8 W CTRAL 8k A3
Aoz &b, L—3 —R4H
=& ) =NV OBBNPRIS LT
Ezbivd,

Table 3 Mdssbauer parameters of the spectra shown in Fig. 7.

Relative intensity / %

Relative intensity / %

(b) 11K

Velocity / mm 5!

Fig.7 Mo6ssbauer Spectra
of nanopaticles produced
by laser ablation in
ethanol. The spectra were
measured at (a) 293 K and

(b) 11 K.

Velocity /mm s”

Fig.8 Mossbauer Spectra
of nanopaticles produced
by laser irradiation in
ethanol. The spectra
were measured at (a) 293

K and (b) 11 K.

Table 4 Mdsshauer parameters of the spectra shown in Fig.8.

Component [ AEq H I Yields Component o AEq H r Yields
nun 57! nun 57! T nun 57! % mms?! st T mm 5! %
(a) FeyC 0 18(1) 000001y 201y 062(40 302 (a) FeC 0.17(1) 0.03(2) 20001y  092(3) 700
Fe,f 01502y -003(2)  258(2)  1.19(3) 346 Fe() 087(2)  1.09(3) 0847y 208
Feq (s 0.16(1) 00002y 18.1(2) 0834y 277 amorphons 017(1y  0.91(2) 0.37(4) 9.2
amorphous 023(1)  1.00(1) 0473y 75 (a) FeC 0.32(1) 0011y 244(0)  0.90(1) 680
(b} Fes 0321)  001(1) 248(6) 0.70(4) 486 FeO L3 -054(7) 38.3(2) 1399) 235
-Fa,f 0.31(2) 0.01(3)  204(2)  099(7) 290 amorphous 0311 Loal) 0.52(3) 85
Fey(y 0293)  004(5) 1983) 0939 180
amorplious 0L31(1) 1.28(2) 0.32(4) 35
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4. &G

Wz Kk Z AW L& LALE L CEBRE 24 nm ORI KL 7 & mEEWE N AR L.
ZNHita-Fe, FeO, B L O/ FesO, & LTHE LN, AFICHBEBEIETCL—W
—JHE TS L LI & L CTa-Fe, FeO g fb. #5%/h72 FesOs 2N EESE L T — B & ek o
FesOs N F b7, WHIC— % 7 — L2 Wiz & I3 BRI 18 nm D ERJE ki + & 4
ETWE N LA & L TARB L, FesC & REAMAMEZ FF72 700 FesCs &y7-FesC & L T
Bonz, o ) — LV HICHBBSE LY —BE 325 L LI & LT FesCs.y”’-FesC
EWVWo R TEMDORACTENDIHEIE L, FesC DR L olz, 72, —H DKL 11X FeO IZ
it L7z, UEXD, LA LIZXBLTHETS2Z EICED, LATEL—HYF—77
L—ya VHBOELZEMEOARNPHERTE, LIKX2RBERELZEHBE~DOLE
LR L E o7,
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Production of Copper-lron Composite Nanoparticles by Chemical Method

RERE L EEKE B

PEHER . REAK . /PHRES > °0 ILHEE"

N. Nishida!, S. Amagasa®, Y. Kobayashi? 2 and Y. Yamada®
Faculty of Science, Tokyo University of Science

2The University of Electro-Communications

SRIKEN

1. IFU®HIT

7% VKR E#kIZa-FeOOH (Goethite), p-FeOOH (Akaganeite), y-FeOOH (Lepidocrocite), §-FeOOH
(Feroxyhyte) 23 &1 50TV 5, FFIZ, §-FEOOH (FHARTIHIFE A EHAERET, b REETH -
T2 oHER /D7, X512, a-. B-. y-FeOOH I gl & /=9 DIZ%f L8-FeOOH DA 7 =
U et 2R3 7e IR ICELRGE O WE TH D [1].

— 05 BEVET ) RiF OWFRIFMEES MRI, KT v 77 U NY = 27 K7 EDJSH~OHIR N 6
BEANTHFZE S VTN D, I, 8-FeOOH 7/ KiF-IZBA L TH WL DD 7 /v — 7 MifF5E 2 Blda L T
BY ., BEHMEZRT Z &SRB~ O RTREM: &2 R E LTV 5 [2,3],

I BT, S RIS R EES S ETEE T /R b URTL VFER ST\ 5b, £
FEBEEGIED I LICEDBMEOENL, N Ry v 7O CICHE» L bEETH D, fi
ZATHEBRDS-FeOOH IZ = v IV 7p EDILHFEEEE SH D Z LT Lo TOMMBEEER R E < kg
HZELMESINTVWS[4], LorL, 8-FeOOH F /Ki1EF D F £ TIEIRLZETH D D THHEH
DIFWPLEHIEIC LRBMETH Y FRCRITHEBE S SN T8-FeOOH [T A AN TH 5, fiE> T,
A S-FeOOH 1X AV E TIE & A EERUTERED LI BIM 720> o T2 7o DI B B R 307e < Btk
MEDY A MIADNREOREICET 25m b SN TIheholz, SHIC, HA LI-&ROME
IZ L DWAAEEICET 2 b BETIEH D0 am STV, 207, RAZEINT-HE
#8-FeOOH D SRR 72 6 ik & e S & DR ANFRE CTh o 72,

P2 1T, AN KT B o 728-FeOOH 7/ ki 1 D E DO KEICA R T & DL FM Tk % B
FLT2[5], ORISR D T 2R L 0 b/hE< K0 AEER 7 EOENIFS D,
S HIZ8-FEOOH F /KL FDAEMEFEIC O TH ZNE TIZRWKISRE Th L~ 7R Z A4 b
DEFENRBILTHDL ZEERA LR,

—J. HxFHORE L THEMOERICHEELEE S ETLEET /RFO—DOTHLIMT7 =71 b
(CuFex04)F / Ki1-DERUTERED L72[6], ZOFELINE TIHEIED T =— L3N E e EOFREN &
STeT7 =T A4 NP /K% BRTHOBMEICAKR TE 2B R FIETH T, ZORMEEZAENL,
DEJBILHENES SNI=2E/28-FeOOH F /R F M IC A TE 5 L& 2T,
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ARAFZETlE, LR TFiEE W THIEA6-FeOOH F / Ri-Z AR L. X #EYT (XRD) « ZEi@fAl
A HEE (TEM) « A AR 7 =43RI X HHIEEIT - 712,

2. FBR

AT /RT3, BRIEHE & HALSRDRELLZ 208, 1:9 TIERLL7-, TERUEI IR & v ek
M), EABET NI UL BI7F 0, KiRbT MY UL BROKE 7 T 22l AR S B2,
BUUAITHDLE T VUK E 5 0T TR T Lz, £0%, BERRS % 40 /5EATV 1 FF
MFET 5 2 & T A BT, /JBoNTED L= UL T2, KeExTZ 7 — /I THE LI
Kiv 2 157-, Gk L=k 1% XRD (RIGAKU RINT2500 Cu-Ka #%). TEM (H AFE ¥ JEM-2100),
STCo/Rh #R & F N T2 BBl i A AN 77— 03I L 0 oo L,

3.

=

P

Fig. 1 |2 XRD HIE DFEFRZ 7, #il & ko
s 2.8 THEONZV T ML, T =T A
L (JCPDS Card No. 34-0425) & 4 J& 4l
(JCPDS Card No. 4-0836) THERK ST 5
ZEWBGIroT, ZORERIEL, DANCHE 2 2
WA Lo 7.3, 37 TER L=V
Nl =T HRERTHT2[6], —T7. il &gk
DN 1.9 THRLNTEY > 7L, §-FeOOH
\ZAT W & 34y h > 7= (JCPDS Card No. | ‘ ] ‘ .‘ 4
13-87), 2:8, 119 IFZNnENE— 7 OF-fHE 20 30 40 50 60 70 80
DIRNZ & D RIS Z & PHER S 26 / degee
5, Fig. 2 ICERE# O TV 1A Fig. 1. X-ray diffraction pattem of as-prepared samples.
Mz CThRE Lo v
7LD XRD HIE DRER %
R, 28 DY TIVTIL, EME S
774 FHKROE—
JIXIFEEALEELNRD
o le, ZHUTH T =
TA MBEKHTTHLIAA
MZETHDLI EETL
Wb, —J. 19 o¥v TR oy
7L ClE. §-FeOOH i3k 30 32 34 36 38 40 30 32 34 36 38 40

B BT & A BB 26 / degree 20 / degree
Hohhnoi-, Llafo  Fig 2 The X-ay diffraction pattems obtained from samples immediately after preparation and
Tox OWFZETIE. 5-FeOOH  after storage inthe laboratory under air for one month.

Cu:Fe =2:8

m Cu
W 6-FeOOH

m CuFe,0,

Cu:Fe =1:9

Intensity (arb. unit)

Cu:Fe=2:8 Cu:Fe=1:9

FRER

1h A%

Intensity (arb. unit)
Intensity (arb. unit)
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TR FITZE R TRE T D L REL
ET5Z LN TWA[5], LavL,
AR EEHAEIEDLZ EITLD,
8-FeOOH F / Ki N &ET D Z &
Grinoi,

TEM £ (Fig. 3) T, Z4#Z41 10 nm
LT ORI 2 R ORI 7 03 BlEE STz,
R DOENG DI T TIRRL RN
HEREL otz

L Ot 2:8 TH LN TV
DAANY T —A7 L% Fig. 4a |
Y. £, BONTRT A= =X
Table 1 127”73, IR TIX, —D2DOX T L
v BB SN, ZOXT Ly M
B R DEFHMEIC LD b0 EEZ
HiLd, SO, BHEBMEDONREZH G
T DI2DIRIRGT K)YTA AN T
— AT MVORIEEAT>TE A, 3

Number

Diameter / nm

@ 4

Number

Diameter / nm

Fig. 3. TEM images and particle size distributions of as-prepared samples
prepared with Cu/Fe molar ratios of (d), (€) 2/8and (b), (d) 1/9.

oD 7 ATy RBBIES T, 2D 3G DNTA—=Z —FLHIOWT =T A M RF Db
D ENFFE—BLTZ[6], 3 DHD 2 (531380 7 = 7 A S OWiERY A ~ J\EAERY A MG L,

WEBRESS DS /NS 723

HOR X, 7/ ki+  (a) Cu:Fe =2:8

R DT K a2 H 100
kTHrEEZLND i

(b) Cu:Fe=1:9
100 R

- ook . 90
Figab =gk LK = [ S
N1 THRLNEYY 2 z %
. . = 275
TFILDAANTT — & 70 £
. B £100 2100
AR NVERT, B2 g |
BT, 7Ly R 95 & 95
s > N J o
K& RN R 4y AL & 90 90
7o 1:9 D% 7 ix
. 85 85
2:8 Tl ThHL 9 A .
N - : 80
ABETRENI L 0 5 0 5 10 0 50 5 10
WCERT 5, 62, Velocity / nm s’ Velocity / mm s

RIE(7 K)THIE L72  Fig. 4 Mosshauer spectra at diifferent temperatures of as-prepared samples prepared with Cu/Fe molar

ARNTT =AY hiosof (@) 218and (o) 1.

62



Table 1 Mosshauer parameters of copper ferrite nanoparticles.

Component o AE, H I Yields
omp /mms’! /mms! /kOe /mms! /%
203 K CuFe,0, 034 (0) 0.72 (0) 0.83 (1)

7K CuFe,0, (i)  046(1) 0.00(1) 536(1) 052(2)  43.0
CuFe,0, (i) 042 (1) 0.00(1) 512(1) 052(2) 382
CuFe,0, (i) 038(2) -0.11(2) 482(1) 0.54(6) 188

Table 2 Mosshauer parameters of Cu doped 3-FeOOH nanoparticles.

Component ) 0 . AEQ_I H , r . Yi.,flds
/mms /mms /kOe /mms /%

293K (i) 039 (0) 001(0) 345(0) 1.09(1)  61.0
(if) 034 (0) 0.75 (1) 072 (4)  39.0

7K @) 047 (1) 004(1) 533(1) 062(3) 603
(ii) 045 (1) -0.01(2) 498 (1) 0.65(4)  39.7

Relaxation time t = 2.1 ns

MVTIE, 280087 AT v bBABI STz, 2D DS X LLRTD8-FeOOH F / Ki1-0> /37 A
— X —EIRIER CTH o 7Z[5], LARTOAIE T, WEBE /NS 7epk sy (i) 13080k - O F 12 Bk
T 5 EDGroTEVIE], AEEOIMR b [ TR 7 57,

LRI O & OWFFETIL, -4 F KB LBk D& ki 1T FesOs DERLICE DD THDHZ L& H
HLTWA[E], 2F 0., Fe'"Fe";0412381F 5 2 D8k 3T D BRIZ §-AF KR bEk Iz 2
b2z s, —F, SIOFENREL DL, 2MMOENHE & ANEDLD Z LI2X D CuFe",04
L%, 2MMDERDAELE LRV D T 8- % VKB LR BB SR, SAOEIG DI WIGE T,
CurFe'\Fe";04 & 72 0 | 2 DN TEFRNICAFIET D EFE 2 b5, 2O 2 fliDEkN 2R LT
D2 IR VERNES ST - AT VKL AR SN D EBE X BD,

4. fitiam

LIRS L0 B e di-8E AT /i r a2 ER LT, 0BG A2EBbsE52 LT, 7 =
TA NIPOEES 8- A X L IKBMLE A ST, B oNTo ) 2R IX 10 nm BREDOY A XTH Y | HE
Btk Z R LTz, 780N R FIERA T CTOEETH D Z LN D07z, G §-A4F 2K
FRAbERIT 2 M OERDN2IN LT D Z EIC L VAR ESND EE X LD,
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Lao7CaosMnOs FIZE A L 7= AALE D Bl 58] E
Hyperfine Fields at Impurity Nuclei in Lao.7Cao3MnO3

SRET L —HEER2 RRBE 3, mExE . HREFF°
eRE L MAEDIMN 2, BEEE S JIE & RARERS
W. Sato!, S. Komatsuda?, N. Ochi®, S. Kawata*, and Y. Ohkubo®
YInstitute of Science and Engineering, Kanazawa Univ.
2National Institute of Technology, Ichinoseki College
3Department of Chemistry, Faculty of Science, Osaka Univ.
“Department of Chemistry, Faculty of Science, Fukuoka Univ.
SResearch Reactor Institute, Kyoto Univ.

1. 3FEBHIZ

X T ANA M~ T (AMNOs) 1IEKEEREIZ & b 72 o TEKIRTLOHIE W CTELT
HIBERBEEIPTIE (CMR) 28T 2 THLNTWD, 2O~ H Ut Rers sl & L
TISHT L 72011E, 707 O SIS 2 TREGERHE 2 AR, 32 2 E A EE
5, K TIE~ U T U B OF THEAE 72 CMR 5% 7~ 7 LaosCasMnO;z (Tc ~ 250 K) %
Fgextg e L, 7r—7 & LT EDK Mg ZFEHIE A LT, v BRE#AMEEE (PAC)
IZ &> T r — T EALE COBMME OB 21T > CT& 7z, LTIV T, A A MIEAL
7z WCe(«MOLa)ENLEIZ I A NS ZHIE L, Br=6.93) T & W 2 EAF7-[1], MEEFEET
Lo~ a T A A A N4 ERE LY (LaFeOs 35 KUY LaCrOs) @ A A MZEA Sz FEmE~ =
— 7 WCd(—MMCANLE I 1T DINEBEYS (Bn~0.3T) ST DL, ZofEidn/iy REwnwz &
NDMND[2], ZDOHEIIRE 2SO KEZR ST 5 Z Lk, a7 2 b4 MilEl o £
~DISHOBISICBWTRKREBRZN D D, = 2 CTARIZETIL., Lao7CansMnOz D A VA k& &
5 ERHIfFS LD MCd(«MCd) Z BUEHZEA L CRFTGZIE L, FEEY 1 — 7 ALE TO
supertransferred field D F AT, 72— NOELN DR RE KT 5 Z L2k - T, ¥Ce(—
WL E IS 31T 2B ORI 2T~ 5 Z L 2 A & L TEREZIT>72[3],

2. EE

Lao7CaosMnO; DRy AKFEHILL T OEFH i CTERL L 396 keV 11/2-
72 La0s. MnO, I L8 CaCOs b FEimeE4s FE L
TRA L. 1273 K TORBERHEIC RS - SRR 5+
LC 1473 K THERE L7=, 2 0%, Bk Xz 249 keV
Ko TR AR O G 2 i L. BERIEIZ LD
250 K FTi2 31T 2 E et O st~ O in s =
BHIL, HRHORENRARIN TS Z L 2R LT,
Hgd(HnCd) 7 1 — 7 TSN T, SRR PRy Stable e
T UOCd T#ME L7z CdOIZH T2 BT 5 2 & CTHIEE
D MnCd ARk Uiz, $AR % Fig 11Rd, ZOkkgt  Fig. 1. Simplified decay scheme of “'Cd
MEOHHE CA(HMCA)O % LagsCaosMnOs & B4 L, Zedqsf  Ansing from its nuclear isomer 7Cd.
T 1373 K ThERS L Tl 7 m—7 28 A L7z, PACHIEIZIZ BaF, ¥ T L—HIZ K HERD 4

7;: 151 keV
t;,=2850ns

7,: 245 keV
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RHEHEZ B L, AW EERZBET5 2 L2 HE LTEEALL T O 77 K T PAC ilE
AT T2, AL TIEH A — Ry O MO I LT y1— o DFLHRFAIZE t 12381 2 AL R R A A
N(O )& TREDQ)NTREET 5 Z LT Lo T, y OB TR O R IF ORI ZEE) ApGaa(t) % 1572,

AN(x,1)— N(m/2,0)]

A:0()= N +2N(EI 1)

)

2T Al FAMHBIREL T A — Ny ROBRTHEDORE I 2R L. Gult) TFFHIMEEIRE T,
T =T NG E DB L > TELL2EBEBOFREZLNTA—FThH D,

3. fERLELR

Lag7CaosMnO; H1IZH A Sz WCd(«mcd) 7 017
7 —7 OEEAMBI AT~V & Fig. 2 1277, !
12 BEfED CA*H A A 8875 131 pm THY . = 0.05
LR UECABREE D La®* (136 pm)<° Ca2*(134 pm) !
ERIEDOY A X THDHT-D, K7 r—7 WUnCd |
La/lCaD AV A FEZEHT H LB X HiILDHDTA].
Z ONLIE T OB DIEHA T HND b D & H [
HEND, Fig. 2 DAY b VTR AL, T TOH| 0.05, 50 100 150 200
ERERTH DL, e —7IXBLHAEICINZ t (ns)
T Mn A 4> 25 0 supertransferred field (2 % 1) Fig. 2. TDPAC spectrum of HmCd(—11Cd)
T LA A BIE L CRIT 21T o 72, fEFTHRS  in LaosCaosMnOs obtained at 77 K.
Bax Table 1 (T~ d, 7 e—TENEICBWTIHE
AN SWVEZRDR B NS By < 0.014 T MBS, ZHEBET S Mn £ 4022 b0
supertransferred field 23FEREMED CAITIEA LTV A Z L 2R84 55 Th 5, MCd-O-Mn OfEA
73 90° (T WENPIEOEZR Y /N EWTed, Mn A F o NE DAY U EBEOERHEI/NS WD &
ZEET D L[5], AR SN IERME Y v — T LE TO Z O/NS NI LS B LUVLMEE W
25, £ KRB A4 TR D~ 7 2 h A "MEEZ b Ok T o Med(<—HmCd)
7'a— 7\ E TOBRIRER & b P E L2n[2].

UL BB FIX, SBATARZE THE Lz A A R ¥0Ce(«—™La) Y — T RNEICKEIT A EN

(Bn=6.903)T) XV L@ENI/NSRETHY, Ce (L[E THOKRE IR IMIERNT 5 D
MEWIBERINAEL S, 250 K DI AL T PAC A7 M KE L ELT 5 Z LIE[1]. “Ce
KA Mn 75 @ supertransferred field Z#8&Ei & L CZITCWDH Z L Z2REB L T 5D, Lag7CasMnOs
X CMR IR EHEBLT H2ME Th 57, MKEB R TORBRMH TIHMEE 2 EL 5, “a D

A22G22(t)

Table 1. Hyperfine interaction parameter values obtained by a least-squares fit on the TDPAC spectrum of
111Cd(<—111mCd) in Lap7CapsMn0Os.

Temperature Bt o [09) n Fraction

77K <0.014T 9.9(11)% 14.0(1) Mrad s™* 0.21(1) 100%
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PEEIEE% D YCe X 4 TH D0, [REE )N EE IREREE Tl 4f B 1723 R IR BE 126G <
AT 3l (M0Ce3) 12725 Z & ATk x DIATHIE Ty L72[6]. AMWIFEITISIT 5 0Ce(«140La) 7 =
— 7 CTHRERO T v AN S, G 7z 4f 125 Mn 2> 5 @ supertransferred field (2 &> C
Bl 5 &E XD L, BUA SN IR R & B O 2595 2 LN TE 5, fijT T
DAL IS B D 5341 8 D30 10% & K X 72242 7= L Cu 5 DI, supertransferred field 73/ S W7z
DICAE LV OEMPEESH T, ZORERETHREEIL TNDH I LA2REEL TV D,

4. £+

AAFZETIL, CMR IR ZFHBT 507 A H A M~ H Ui Lag:CaosMnOs D A A hZ

B 5 RTGEBEAMEENEIC L > THIE L7z, A ¥4 MIEA L MCd(«M"Cd) 7' v — 71
FEFIT/NSVY (Br<0.014T) 22035 L BEEET 5 Mn A 4> 0> 5 O supertransferred field 2@ U T\ 5%
ZEWGInoT, L LTI CEBII S NIZE U A 4 MiEZ 5FT 5 ¥Ce(« L)' m—7
BNLE TONEEY: By = 6.93) T) 13, EREOMEE KT 5 & MU LS RERMEE LD, ¥La
O pEEEEKE, RRAORCEFICFETLIHHAETN 4 ETL LT r—7iIcfsh,
supertransferred field IZ X > TZ O M EFHELMT 5 Z LA, Bl ST K E 2NEBES O RLA T o
L LT %o

(27 3CHk]
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2. E—bdAvasivva=VIRREEY

2016 4EFF £ T2 EEh & 28-110MeV/c DX = —A4 L E— A DFRICEI L., B —21 AT
BN R 7- 0 7x10° fil > 60MeV/c IE X =—A >, 1x105fH D 60MeV/c & I = —4 » Z8BUHI L 7=,
F£7- 3x10* fH D 28MeV/c £ H 2 = —A D
BRI LTz,

ZITHEH, ESa—F DAY RBE
DHERERERT, J2—F DT VI=
U LEERZ LD A L EE TR 40 ST
Gauss DI % 2 TA Y v [allx 2 Bl & - \/\ ;/;"é%i\\ /';'\ }\\
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Fig. 2 (left) Photograph of pSR spectrometer. (right) Spin asymmetry spectra at muon beam momenta
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HIZ LTRSS S h, 7= 2 B 21T > T b, —h, EIa—4r 27 pSR%E
BRIERE R T TH Y, DC I o — A OB L LT 2 & HEEAED BTV D,
MUSIC (2 & > THAREWNT DC X 22— & J-PARC D/ AR 2 —A 2 DA 2 FI A3 AT RE
L7220 REFIRTED DWERE, EROIE, =2 — A HEORRRSHHFSh TV 5,

. |p=28MeVic
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[1] M. Yoshida et al., IEEE Trans. Appl. Supercond. 21, 1752 (2011).
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Life Time Measurement of Low-Energy Levels Using LaBrz(Ce) Detector
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H. Kamada?, S. Ohno?, Y. Kojima3, and M. Shibata®
!Graduate School of Engineering, Nagoya University
2School of Engineering, Nagoya University
3Radioisotope Research Center, Nagoya University

1. IIUBHIT

B-y(X) K Oy=y(X) B ZE [RIRFFHEIEIT & 0 bkl MEAL D Fdn 2 I E T~ 5 1T 5 & 3 2 b il HEA7 1T
HAD 2R ZFHII L, SR OISE ORI ZEZ2 RO 5, ERSRINEKE keV OyROE
A BHEZERE D, TR X5 REE(662 keV T~3 %) RV, v F L—3 3 VO REH
(16 ns[A) A E N & W o T BT 2 £7D LaBra i (HER 7232 H S 41TV 5 [2-4143, 100 keV L K DK =3
JUF—FEIRIZ BV T LaBrs SRR XD Tl 57, Z O CORFEFHE L D MIT 72> T
720, RERIERE D = R VX —RKIFEZ B ST B I2IE, EEMICHFGN 2, W Oho=
INX =Dy E T OB EET 208N H D, L, KX —yfi a4 2 R
WX, BhEMENICHEMAER > TWD Z ENE N, HIRFIER 2152 OII3E v, 2, K
TRV — (2R T LaBrs M s O BFEIRFEDNH S 2 72> TOARWERIK OO E D TH D,

R RV —FEIRIC 31 B BN AR 2 15 2 77 & LT @ p b F—yflo a2 7k ke oy
ZHWDHENRS D03, Régis O[S|IEMIHEROE 0 IZHERUAZ: EOEEM R L WA, 27 b
VRS TR BT BIRFRR O B E X, BRI Y — 7 T b7z AR iR o B0 E I b
NENDLEHREL TS, ZoOEBE LT, K= A X—ZBIT 5 a7 b oG T
(ZEREAS T DYFROIEDNTE Y OREED D OEELR O 238 0 | 30 5 DS EER HE T A G
THYRE D LENTRESRICAR T2 L2 T\ 5,

PLED Z &0 BRHERE D ITHEM D 720 T2 HHEELIR D 72V SE T Tl Régis H Dt
L7 BIUIR ONAWZ ERTREND, AT, KoL F—#kicks Tl e —2
1G5 7o I B¥Cs p V= X —ZE[6] & FH O BELIR YD 72 WA T2 5 LaBrs i Higs O IK
TRV X — AT ORFEFFME, 7200 BRFE S fFRE () & BIIRFfh R O BLOALE 2 B 6 823
HZEERBERE LT, £72, Te @ 35 keV Dbt HEN. D F a4 1281 D EC fAELFIH L CTHIE L
770

2. EB
2.1. EBRIER

LaBrs # H %5 (4% 3.8 cm X 5 & 3.8 cm, Canberra #EH) Ly H O 7 I A F v 7 v v FL—4
(NE-102A,H£E 5.1 cm X /& & 5.1 cm)Z V. y(X)- yIBIE R R 4E S CRIE 21T - 72, LaBrsfiidn
Z07TmMmIEDT 7u Y7L 2L 05mmEOTILIBANTOU TNITINS HNTEREY ., HE
THREEPMTIIERAR =27 A R6231 TH D, 7T AF v 7 o FL—2F01mmET 71
Y7L 7%, 02 mm EE=/L7—7_ 002 mm E7/VIETELL, PMT (FERFE F=27 R
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H2431-51 % Fv 7=,

LaBrsfittigs & 77 AF v 7 o o F L—Z | TERBRE I 25 cem B L TRDAWEDOEIZE S, #
T2 ~53720, it L2 VWRETRIEE B Z - 72,

FNZENnoOK g/ 5 O 51X CFD(Constant Fraction Discriminator, Canberra 2126)% i L .
TAC(Time to Amplitude Convertor, ORTEC 567)IZ A7) L. TAC D7) & Wi igs D =L ¥ —157
% VME RX—ADT —HIERIZATI L, 7 T4 TY—T 47952 & TSR %
37, ENZENO CFD IZiX, LaBrsfilic 3m @, 77 2F v Z{illZ 30 cm DOFEIERREZ H N, 7
— 7 B muN g L,

2.2. MR

W AE < | BELRAD I WERETIZB W T, R= R —fE CHIRF AR 2 15 T, 2l e
— 7 L a7 N kRS T B A BRI IR OE W OB A TR A 720 FEBR 1~3 21T o 72,
F72. A OWEEW D OBELR OB 2R T 5 720K 4 21T o712,

FEBR 1 LaB s 77 A F v 7 o F L— X OIC B¥4Cs BRI Z B W CTRIE Lz,

FBR 20 FEER 1 OB T, BRIRE LaBrs M 2RI 5 mm E OS2 E\ ) CHIE L=,

FBR 3. R 1 O T CL AR S LaBrs BHERENC L mm [EDSRIR & % v 7 AT Ul %

EWCHIE LT,
FEhR 4 0 EBR L OMMFREMET T, BMEZROBAY Z 10 emEORY =F LT w7 THAT
HIE Lz,

B4Cs 70 B IXNEBERHRIZLE 5 Ba ORFE X BRI B SV H A, 2 D X BROWIL %8 5 377 13Cs
PRI 12 um JED~ A T — B PEEIR 2 T - fR S 7o 0b v A 7 — R CTHEE Lz, ¥Cs
DHREZ 39Ba D FhEE HENL O I i K 78 ps[7] TH ¥ . TAE S A BRI fERE(~1 ns) & Ebik L+
SR HIEERRRR 2 15 D OISR 2T e\ &I L7z,
2.3.1%5Te @ 35 keV FhE¥ELL D FHn B FEBR

1251 » EC AREEIREZ CTd 5 5Te @ 35 keV Dbt HEN O - 2 E T 5 72O ER 5 21772,

EER S LaBrHeR . 77 A F v 7 o F L—F ORI 1 HF(~9 kBg) & & CHIE L7,

T ZC, BIBRIRIET T AR PER IR A2 T - RS E7eob, 13 mmEOT T ATy
7 BB Iz E LTz,

3 fERELER
3.1. FpRetE

3.2 HilZHB\\ T 2Te @ 35 keV L HEN. D 2 KD HBRIC, 7T AF v 7 v o F L—F T
Te O KX #(~30 keV)ZHIE L, #— F% 30 keV UL FOMBERICHRET 5, Lima> T, AHFZET
7T AF v 7 FL—FMDF— % 30 keV LU FICERE L7 BROHIE R ORI EEIZ DU
Tk 5,

TR 1~3 12O\, FTAF w7 FL—2D 30 keV LL T & [RIFFEH L 72 LaBrs fHHigs o
TR F =AY FL % FigllIlRd, FEi 1 TR LN RLF— AT FUZiE ¥Ba DD
HRHAITLE 5 FtE X A 32 keV DRI — 27 8 227 R VHIC R B0, EBR 2 128 VT,
TR TN EN T LE 972, 2keV ITEIXa 7 b VERHEI NS HDOHRTHDH Z &
W olz, £7-. FEBR 3 TIiX ¥Cs DEREEILE Dy, SRRV L X 7 AT R Tl E
WERZFTZEIZED, VW LE U T AT U OFRME X BB RET 720, BHohl-= ¥ —
Z ALy R LHNZ, 58 keV (W Ko X #2), 73 keV (W K X #1 & Pb Ko X #RD 27 L v 1), 85 keV (Pb K
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X AR DRI E— 7 DL SN (X fr 2 o — 2 k),

UEDzZEne, 32keVICE LT, 2N E—27 ZHWTE OBt e . 207 h o
el oy & DT B ANREHAR S — T~ 2 0B 3 2 72dis, FEBR 1 L 5EBR 2 TH O - BNEE

fifR 2 Lbi L. 58,73,85keV | %LT&%%lk%%3f%%ﬂk%ﬁ@ﬁ%%@bko

WU — 7 TR A DB, B — 2 ICE R > TWb a7 b Uil iy OB L £ L
9I<71&’> E— 7127 — M EFHE L TE LRI O . ©— 20 a7 ke sy

WK LFEICIE T — 2R E L TR LN EIRRZ 22 LW, Son/Rop s LT 58
keV ITfHIC Té%ﬁ%ﬁ%FmZuﬁM>A%Wt 7 ERWTE LN IR & 27 b
R Y A O TS SV BIREIE BRI B W RN 2 E 3D, 58 keV LISt D = L ¥ —(ZF
LThH, 2FINE—27 & a7 bk & o T D a7z BIRE R o B 2 fighe K OVE DL
% bl U7z,

[ 2 i BE L2 D\ T Fig.3(a) 129~ & 9 12 100 keV LA F O = 3 /L —FHik 2 B8 T 1.3~1.7 ns
BETHDLZENDLNY, FEEWINE—7 L a7 b BT T 60 ps OARHEN S OFiPH T
—HLTWBZ ERbioT, BEOLEIZOWT Fig.3(h)7 6. 100 keV LI F OAf T 5 /L —flsk

ICBW TR E— 7 L a7 b iy T 60 ps DRENSOHPFHT—HLTWDHZ &b
75\0710

10* ‘
6000 Full Energy Peak
L 10° Compton
£4000 |- 9
5 S 10 ]
Q )
@) B &}
2000 - 10" |
I Y R : o ikl
eXp.2 AN il ) :“l :|I|| " M WK ¥
0 T T T | | | | 100 Lt i, o b oul LY

20 40 60 80 100 5 0 5
Energy [keV] Time Difference [ns]

Fig.1 Energy spectra obtained in experiment Fig.2 Prompt curves obtained by gating near 58

1-3. keV in the LaBr; detector.
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Fig.3 Energy dependence of the time resolutions (a) and peak centroids (b) of the prompt curves. In each
figure, the closed and open circles show the values obtained by setting gate on the full energy peak and
Compton continuum, respectively.
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{1 TAC FI&TEC, =1 CTH Y, UKV, BRI AARBRIZ 60 ps O KU 7 F33AT
57, ZOREX, AHENS E LT Fig.3@@). (b)H o NRFfHER O BONE K O e 12 b
FKMENTEY . RHENS DOXERERIZZ2>TW5,

BRI E —27 THh a7 b EEE T B BIRFIAROTARITE DR e &y 9 R 1T Régis &
DHEBE R > TN D, ZOEHEIE, Régis HAEREIT > T-MHERE 0 ICHED N2\
TEERY O ARWEO LD IREEM N DI OFET T, R R0 a7 b s
IPTHELRREC 7 3D 70 < . BEMRHERIC AR T 20 DB XE TH LML EMHTE 5, 20
O LM 2R T D72 BELR D LN FEER L &AW FEBR AT DWW CEBRE R 2 ik L7z,

Figd@IZFER 1 LFE R A ZTNZENIZEBNWT, 7R F v 7 o FL—FIT 30 keV LLFIZT
— M&EE L, LaBrs Ml TRz X —5HIkIC 7 — N &R E LT DAV REf A g # &
AT, BELROZNGEITD R NGE L X R AR B O T2 B 53 (0.5~4.0 ns H72 D)
IZA Ry BN T LR T X D, Fig.A(b)IZIRE AR FifR P OB Tl i2 7 — M &R E L T
o7 LaBrs MHER D = R L X — 2T NV ERT, 70 v 7 WD DHGEIXRWIGAITHA,
200 keV LA R OFEIRIC A XY F RN ERFERTE, INHIEBELRR D TH D EE X b D,

Thbb, B EOEMN LN E | KRRV F—D 3T N T IS BOELER AL Y
2. ZAUDSEERI AR BAR T OB TRy DI D73 D Z LR ST, FERRID, EBl &
FBR 4 120V C, HIREEIAR O BOMLE O = R VX — (KT HEDOE N EZRD =L Z A, 100 keV BLF
DT RV F —FEIRIC BN T, BEROEENKELS 25720, 7uv 7 b0 OFRHFE T THLA
7 BNF AR AR I U O G T T B 72 ANREEI AR IZ L~ K 150 ps BTV D 2 & SR T & 72,

10 w0t —
'=10° . Back Scatter ggg
5 5107 ‘ Compto‘n Edge ‘ 604 796
T a |
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Fig.4 Comparison of time distribution curve obtained by setting gate below 30 keV by plastic scintillator
(a) and energy spectrum of LaBrs detector obtained by setting gate on the 0.6-3.6 ns in Fig.4-a (b). In
each figure, the black line shows the result obtained in experiment 1 and the blue one shows that
obtained in experiment 4.

3.2. 5Te ? 35 keV G #ENT D FA I E

125Te @ 35 keV JhEHENL O -1 % 1251 @ EC A 2 FIH L CTRked 7z, 21 @ gaEXI A [7]% Fig.5
FE BITRT, 25Te 0 35 keV DN YELL O - A 5K 6> 51213, 21 D EC FREEICHE D X #R(EA T
Xec) & 35 keV DyfR(LA Tyss) DRI ZZHET 5 ik, KT, Xec & 35 keV i HEAL D> & DN
HRHAIZPE D X HRELT Xi)DRRIZEEZRET 2 HED 2B R b, 2D, T AF v v
F L —Z 1% Xec(<30 keV DFEIR)IZ, LaBrs i g Tyss 720 Ui Xic i25— M &a%E L, R4
B A 1572, 15 DAV IRe R 49 A6 Hi#R & Fig.5 127”37, Fig.5 1@ prompt I % ¥4Cs @ 35 keV i3 D =
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N RS — M ERE L CTE LN IR CH D, F 2. Xec-Xic DRFERHZ3AR HIFRIC
DNT, Xec & XiclFFHE L WX X —% 65, MIHEEHE 2 XBT25 2 LR TERWaH,
iz A —7NENLTND,

IR ] AR AR A 75 D128 72 0 | LaBrs f& i FUCAFET 5 BLa HOR O U RE D B A 22 L5z,
138 a 1% EC AR L. 1438 keV Dy & i3 5[7], L7243 > T, %8La ® EC AREEIZFE S X B2 LaBrs
AEAL R AN X 41,1438 keV DY T T AF v 7 o F L—2 a7 b UEGL S g,
AR A 525 2 L1705, ¥¥a d EC AEIZFE D X RS LaBrs flidh 7 TR X 5 & %
38Ba D K B A TRV F—TH 5D 37 keV ICEWINE =7 N TE 5, ZD=H, 3 kD
35keV O E—7 2 BLa kD 37 keV D E— 7 [y MRAT D, ZOREEZELFI 2D, B
JRZENRVRIET, Ny 7 7T 7 REHIE LT S 7= R0 A iR & Xec-yss OO IRFR 4> i
B ORI AR 2> B 72 L5\ e,

Fig.5 (Z/R X372 Xec-yss ORFM AR D A 10— 7 E853 735, 35 keV D YENL O )8 %
1.449(14) ns & RGE LTo, F7o. Xee-Xic ORI GRS DA v —F ZE 405, 1.446(11)
ns, 1.459(11) ns ERE L7z, 2O DOIEEHZ L5 Z LI2k D, 1452(1) ns ERE -T2, £,
Xec-yas DR 5 AR AR & BNERERRAR & OB O LEOZEND 1.39(6) ns EIREL, Aua—71ETHRD
Tl & RN S OFPACT—H L T D Z & 2B Lo, FEMfEIE 1.482(8) ns[71 TH 0 | FHAMfE %
FREL TS, BEICHE SN TV AIEE A RIOEO ;% Fig.6 (28 Lz, 1970 452 Marelius
SN2 BDT T AF v 7 v F L—2 % W 1.45(3) ns DfEZ S L TR Y . AIFFRICHBNT
OB —FLVD, AFIETIE, IOVREDOIVMEEZGL Z LR TE T,

FOIETROTEREIICONWT, Ny 7 7T 00 RERE L TR DI RE A iR 2 2 LS|
IR A2 KD D & 1.35(6) ns DIENFF HiLD BBLafisk D Ny 7 75 7 2 RiE 21 D Xec-yss
DOy AR & IREHER O HAMLE O£ E /NS T HHFANHERT 720, Nv 7 7T K
DREEEFE LI EEEM 28/ NG L T L E D Z EbooTz,
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Fig.5 Time distribution curve observed for the
35 keV level in %Te. The inset shows the decay
scheme of %3]

Fig.6 A comparison between the published
half-life values[8-16] (closed circles) and our
value(open circle) of the 35-keV level in %Te.
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VTN GRS TARMEN S OFHN T T 5 2 Ebh oz, E£2, PTe @ 35 keV DOfihiEd
YERT O PR A 1.453(11) ns &Rz, BTe [ZHOWT, A0 —FHEDME & BLEDHN RN S
O#EIPHT—HTHZ L EMRE LT,

PlbEoz & X0, LaBrs#iH#81% 100 keV UL FOfEICEB W T, 7 o %2 ol
FLHEN. D FMPEIZHISFRETH H Z L b7,

5. 5%

TRVX—IRBIHO Ge FrHIER & N2 72 B-y-y B AE [FIIRFFHEE & v, HE 7 EGT A 2 FF D
BBIxe ¢ 80 keV,341 keV K X 667 keV JFhit HEN: D FawilllE &2 83U OB A2 FIH L TIT-> T\ 5,
IS DORNEREMIZOVT, BEIZH L ODFERIELHRE SN TWHER, ERHITKRIEIZIES D
WTUW D (1:80 keV 12D T 751#:0.496(21) ns[16]& 0.416(20) ns[17]. =FAHifiE:T",=0.454(40)
ns[7], SCHR[16,17]DINE ), Z D=, “RAF—7fREED BV Ge & g% = R /L —ih|
2. FRRERED BV LaBrs fitienzd 2 A 2 v 7 HBHEICH WD Z L C, (BN E < HE
DEVEEZRETEZHEEZEZTND,

TARBIZLFEATIC IV T, 80 keV DRhELHENL D - & L T 0.453(23) ns DA F72, ZHUEX
BR[16] & [17] THE SN TV AEOFEHMEDEZ R L TR Y | 2 XFF T 2l TH 5, 341
keV/(T™"5:1.6 ns[7]),667 keV/(T™",:<0.5 ns[7]) b AL HERL D R B & FIER ISR ET D TETH D,
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UF U LAZ 2 ZREMDBE A ZNT 7 —5 6B E (Ni-61)
Synchrotron Radiation-Based Ni-61 Mdossbauer Spectroscopic Study of
Lithium lon Rechargeable Battery
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Takashi Segi

Kobelco Research Institute, INC.

LIZ LIz

UF T LA A ZIREMOIEMIEYE L, RS S (a-FeNa0, ) D LiCo0, 23R < 1 H ATV
B3, BUE Li (Niy/sMnysCoiss) 0o (WC) [T A HWBILTWN D, ZOMEHIEBWTNI A 42 23
LIETIZED > TV D FERH BN TND N, REREBOEAREIIHEVIToE D> TR,
A FE TICHE SN NC OF(LETTHEEET VAR 1 ~F L Die, KERREIZIHBWT NI, Ma, Co
DRFMITZENZERmAE S 24, SmAE S 4, KA 3lié SNTNWDHDOD, FERIZE
7% Ni OJFFAMIXAFFEE N K> TIN5 i T b,

TABLE 1. The summary of charge compensation models of NMC based on the XAFS measurements

0% SOC 50% SOC 100% SOC H B
Ni%, Mn", Co* Ni® Mn*, Co* Ni%, Mn*, Co*, 0 [2]
Ni%, Mn", Co* Ni® Mn*, Co* Ni%, Mn*, Co* [3]
Ni%, Mn", Co* Ni® Mn*, Co* Ni®, Mn*, Co*, 0 [4]

* State of Charge: SOC

X BRI Gy ik & [RIRRIC NI OEFIREEA BRET 5 H1E L L TRA ARG T = tERET b D,
ZOHEZ, e —TEOR AN Tl KBS B BT HIR DA MBI A FF o o i ik
ThY ., Ffle NI OB FREBIZET2MENGEOND LIRS, —. 1ERBIE & LT
H 1. 5~3 K] D Cu—61 X° Co—61 MAWVOLIN TW=AIZ Ni-61 OBMHFEFITIH EV L VA, K
W G % FHVNC Mossbauer AXY "V a4525 FIENHENL ST, RiEZSRA LT,

2. JE S

T Mossbauer 43 Y6#£1% SPring-8 @ BLO9XU T L7z, FEMZR BRI IT e THFZE (5, 6, 7]
~RLTZEY TH D, ERIZTERT AN FE— K 203 THEiE LHE b T AT 2 —5 O #HiPH
XL — Y —T5H 2 FHVIRIE L, =12 mms™ OFAPH CHEh X W72, % o 7V ORIEIREIL 6K & L7z,
NMC ZIEMRE L7e U F 07 LA Ao ZREM A2 ER% (7], BTE® S0C(0, 50, 100, 180 %)~
L REIERTIRIE THR L7, Cu Ko 2 SRR & L7k XREIPTHEN S R-3m &2 H 9 5 F 4
fesB %, Ht Ni-61Mossbauer 43 Y HMIE HR0EFE LTt L7z, BIER OFEZ 1CP 0057
Frickv Li B2 EE L, 3B S0C & Li EEFERICOVWTITIE 2 ~F L DT,
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TABLE 2 Chemical components (at. %) and state of charge (%).

SOC (%) Li (at.%) Ni (at.%) Mn (at.%) Co (at.%)
0 0.92 0.334 0. 339 0. 327
50 0. 68 0. 336 0. 333 0. 331
100 0.42 0. 330 0.334 0. 336
180 0.13 0. 332 0. 338 0. 329

3. MITERE R & B

6K Tf7= 0, 50, 100, 180% SOC ¢ NMC ® Ni-61 Mossbauer A2 kL% FIG. 1 ~R L7z, &T
DARY FVTORENEIZE—7 ZHTHARXT MABELNE N A 4V FBRBER LD N
EARRNCER D PHEN D2, Bl Li ICEVIRA S NI¥DEREN D & Jahn-Teller A& ££ 9 FN
WE SN TWD[2], 50%SOC 1 Z AT MAFEIRDBIERIFRICEAL U722, FRUTZ OFERERITH D
LEZOND, BT LI 23T L 72 100, 180% SOC 123\ Tld Z DI eI X RARR I 25 b L 7=,

10— 20000
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27000 $th 19000
2 2
S 26000 -] 5
8 | 8 18000 —
25000 x=0.92 -
N, 17000
4 3 2 1 0 1 2 3 4
velocity (mms™)
10— — e
55000 g
] ¢ ]
54000 -4}
” " B o A it
= £ 53000 hEg B
3 3 i i
5} S 52000 — N 4
51000 y
T e
4 3 2 1 0 1 2 3 4
velocity (mms™) velocity (mms™)

FIG.1 Ni—-61 Mdssbauer spectra of Li,(NiisMnisCorss) 0y at 6 K.

Ni-61 DT A YV ~—37 MIOWTIEER ] TN LN TV D, ZHUZ LAUE Ni2 i T % NiF,
EIEIFE 4 ST KNiFs i ZZ I ZE0+22 ums™ &-81 ums™' & S TE Y| Fe-57 DA L [FIEEIC,
HENTH DAl & ARH R~ 7 8T 5, FIG. 2 1% 0 B ETEOILREK %2R~ LT (eI e &
ThD), SOCBENMT D &I Ni OFREBEIT LAY MUVIKEEM A~ 7 3208, 74 Y
~—3 7 FREERBEDLDEITIENI-61 OFNSLELE THEIND,
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FIG.2 Ni-61 Mossbauer spectra of Li,(NiisMnisCois)0, at 6 K.

Z T, ETNHAEEZHE ST T AT MVOfEIRZ R AT (FIG. 3), Bz, mAE D Ni
D NiTA~ZE L SE 2 & Hund ANSHEW A B E SHHER LINEMESS B [FTHEINT 5 L E X BN D,
F72. NEREE TIHEAE L NIYEFEA Y NiYOBEA Jahn-Teller AT LY 1,70 MM &
LD DTIRFRIR AT MATEIRBG B D, —FH T, KA E L NI & Nitid singlet ARTITIEW
ERERTEEZ LD,

PLEDHA LD 6 RIS DI AT MOy BEE R AT, £ 2T, k(2 3, 4] TiX Ni¥sloy
aiel D, 50% SOC DAY MVIBIRZBLE Uiz, FEATHHEOIMIZIEVMEA & NiT o
TARY M—T7 4> bT 5L, 0 BEMNEOE—7 N HRRWERN D, =05,
FEFEIRRED NMC IZFBWTHED NI DIRENEZENLFHLTRETH, £ZTTRTD SOC (22T
singlet iy & 1B L7,

ENTIC DT> T, 7TA V~—37 ME 0 mms™, HIRFIEIZIT 0.8 mms™ ~[EHE L7z, 3 [FIXFR
Va9 25 8IERFRNT A—Fn=0 & LIz, /DT T 4 v M X BIHTRERIE TABLE 3 ~R L
72o Z Z Tdashed & solid (X FIG. 1 ~R L7z 7 AL ML ESFRT 5,
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FIG.3 Calculated Ni—61 Mossbauer spectra at the octahedral coordinates.

O0% S0C

Wik AT ZFFo ok Ak sy & singlet % C7 4 v 7T 4 7 TE, TREomigEkix
75:25 & LCHREES O-, MERETH D NMC X NI TR ENAERNMOENTWHD T, F1

FNOY T AT NUVFEAE Y NP EIERAE U NiYE LTRINTX 4,
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050, 100% SOC

FHERIPRRYL %ﬁ?é#7x«7%wiﬁXE/Nﬁ IHRNT D, ZDESY & singlet A4y D EHAE
FIZIFIE 1L ISEWVIRIE T H o 72, ZNENDENT 1V, DEAENTHIN L7808 6 b,
O180% SOC

W IR RIS Y 5D A7 hLiX, 50% SOC OFFEMTE T /v CTRNT 21T o 7o, MEIX 112300 < BAT
"7 YT 4 Vﬁ?ﬁ‘)‘u”jﬂ%f:&%i%ﬂ’bé ZOBE. KA Ni* & singlet 4y D EfEEIZ AL
DRIV, TORFITE L Z 75:25 ICIHWER & e o7z,

TABLE. 3 Obtained Mdssbauer parameters of NMC at 6K.

Li (at.%) B (D v (X10 Vm) 7 (%) reduced

dashed - - 26

0% SOC 0.91 1. 299
solid 4 0 74
dashed - - 52

50% SOC 0. 68 1. 201
solid <1 21 48
dashed - - 46

100% SOC 0.42 1. 545
solid 0 -16 54
dashed - - 25

180% SOC 0.13 1. 249
solid 0 -12 75

V, & Li R ORIENMES FIG. 4 ~1: L7=725, Li BICkT 5 1, OB IEE S R k7,
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~—
% -15
N 1 x
>
€
(9]
g
T 20
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S 1 X
] |
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= 254+
Y o0
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FIG. 4 The dependence of the electric field gradient (10* Vm®) and the Li components of NMC
(at. %).
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OF b LA%DOER
AR RE & FEEARRED Ni-61 Mossbauer A7 ML &7, FEIRBEIZSHET 5 50% SOC 1, HE
— DY T A7 FVTEBAMN bR, KA NI E singlet B4 DRIERS S CTHATH k7=
%, FREREO NI ITIRE R MR TH L2 ELZERT 5, X BRI EIEIC K DT EIC VTR
EREOMRN R 2 FIXZOENEBR LTS E-Bbid, 2O T A MEIRME AW TZARE
RO TIEDORE L R D,
HERFIZ N T non—zero V, 235 HALTZRE R, —F DO NI 2MEA B2 Ni¥ sy &£ 72 ¥ Jahn-Teller
BHERLTCRREEZEZ DND, 7o, WMFEIREE (180% SOC) 1L Ni¥ 723 768% % L DGR L o7,
— 57T, singlet FANIHEA B L D NiZs NiYOWFHnICHIin T 5 &2 65, =) vF
B A W2 22 HAXPES DO FER AT 2 HIENRE R bivd,
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TRV F—3 B 19Sm ETHE A AT T — 5t % iz Sm @ BRLEY
DAl
Sm Valence State Investigation of Sm Intermetallic Compounds Using Energy-Domain **°Sm
Synchrotron-Radiation-Based Mdssbauer Spectroscopy
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Japan Synchrotron Radiation Research Institute (JASRI), SPring-8
1 University of Electro-Communication, ? International Christian University,
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1. ZTBIT

T HHEERBBUL MO TREME SN TE T —~ & LT, M YA~ OMEA RIS S
MnEGFEND 6 D, MEEREI D HEim S 2 DX, (LG TOMEE HENFTFES 5 Ce, Sm, Eu, Tm
EYb ZETLWERECH D, Ce R MTHTLEIT DU LDAANRY T —EHLTEY, AANY
T =BT AR b IThiL TV D,

A THATC R O A FERE R OGN FBe 2 AV CRMIi 9~ 5 B IS RRO 1 E . 2V EEOH
ENFET BND, BIRO Tm ZR< A HHCRE TiE, WEF TRV ED 2 SO0 55, —HFOffifk
DIEEIREETZ T BBENEA A TH Y | HREERIED DBEMEA A > & IERENEA A v OIRFEIZ 3T DR
DIEFEWD LA LY A NOMBMAEHET D52 ENARETH D, o, I L D4 A2 EROEVITH
MRATREDENE T b 720 T ERSCBIRELZFI A L Ui basms 2 L bR Th D, L
MU, T 6 OTFEIC L D MEBEHRIE, FiadEL R & OEFHES f BT L AREE 1 OIRMK
e COEFHBICEAENEETND Z 0D, HL T THEEMHMEICE XS, EEMIZFHET 5
TEDFEEL Y,

T PHET RO E L0 BRI T 2 Rk E LI XBROWIUHOLF> 7 N Z2FH Lz X #
WL & BAYER S 7 S CEX AT LTI A AN T =007 ERd b, 2 DOEBRTIED
REREWT, BEARE OBROE RIS 3 5 BHAIRE ORFHZEOEWTH D | JE 1TE 23 X #HIC
Lo THEH SN2t D core hole DFTHh 5 100 FOREEE, ## 13MELZ LI 0E o MHMGHIF EAEH O
ZACEITHR Y 95 100 FORR 3 FLZ2 OBLAIRE DRI A T 5, MM REHIBICHE & <MBEREN B G 08l
BN, e < & LBIIRER O R 72 5 FIRC L A A LER K TH Y | MEEE A T8 E - HBIC
FoTHebEND I &0 bARE I OMEFE D ENFHECTE 2 A AN T — T KREG 272 FEBRTF
BETHhHD,

MEFFE RSO F CTHIRIER S TWA 01X Sm B LA TH D, TOREERIT & 72> 7=DIE,
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FEVERTL DI Sl 722 BNV AR RO SBLHI S 4172 SmOsaSbi: T U [1]. il Tl SmT2Alp Th
52l 2 OLEW TIXEITHNC X BRI FEIZ K D Sm AR ORIl Tio4L, Sm Ol o
I CHD Z ENFHILTWA[3-E], L Laens, BHERIBEZ(LZ R LIZAiE & R | %EX
2 IREELE R S TMEFRB ORFEITRIZICTE TR, Falt, B2 & Lz x ¥ —
SO A AN T =53 JEIEDHESE S A6, 7] 19Sm 2B W T H I E 2 A RN 7 — 4568/ ]
RE L 725 72[8], AR TIX, H < I ﬁ%#%%kbfﬁkﬂﬁﬁmyﬁwﬁ@%kLT@E%%TW%
SmBe [9] & T B /2 VIR 7- & L TR IB 2RI ZE 3D 5 AL T & 72 SMTLAlLy D 149Sm D st A A
NG T = HETHT2DT, EORER _Ob\fﬁ%ﬁ“éo

2. EBR

19Sm Jl it A A7 7 —43361%. SPring-8 @ BLO9XU TI{T- 7=, FEBRELE X Fig. 1 ("9 & B0 T
HH[8), TrYal—F THLNIMEEE BLOIXU ICRE SN TWHIRIKERZALANC LD 2 fifhsy
HAFTHIE L, SHIZSIN 2 EEEL72DICEDRREET / 7 0 A —4 T 15meV £ THEAML L X
ZBHZ IS L CTARY MVEZRIE LT, 7 F 7 A4 P — OFEMERELARIZIT 19Sm % 90% &1k L 72 Sm20s3
EHERH LT, 7T 74— T AT 2 — I L, Doppler S (XL —HF — - F ¥ U 7 L —& Tl
1EL7, F£72. “9Sm I EEL 2 BT 5 729012, 2.0 nsec MlED X #oUL A8 4 5 -f,ﬁ‘é bunch
train 2%, 51.1 nsec 721 F Ml % 2217 7= SPring-8 @ 4 bunch x 84 train €— N L7-[10], X HiZ. B
g & 0 BRVERIE T A MV ERIET D 7212, bunch train Ot DL A5 20 nsec u%&&ﬁm%&
TSN XBRIZT ZFH L TAXY MV EBLIRIL T,

4 8my0s
(scatterer) (

Sample
(transmitter)

Si(4 2 2)

e o mm mm am mm e mm omm = = e
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Fig. 1. Schematic drawing of the experimental setup for 4°Sm synchrotron-radiation-based (SR-based)
Massbauer spectroscopy at BLO9XU of SPring-8 [8].

3. SmBs D “9Sm B A A NT T —43 3k

SmBs [T HUHHRIRZ IV T2 149Sm 2 287 7 —430t & XI5y YA T o41[11-13), i FZEh e
HDHTENMBILTND, BIED X WIS YETIE Sm MO IR 2L 23 M TH A~ 5 4[14]. @ﬁ%
Bi-OBMIZ IR E OFE R A2 TN TMEE b & LTI TE T 5H[15, 16], 149Sm A AT 7 —/2p3Clidkt
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JEH TR LR B ELEBRIC X 5 EuFe.As, DREM: L BimE

Magnetism and Superconductivity of EuFe;As, Studied by
Nuclear Resonant forward Scattering
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FRZR L, & HIC ThEv=19 K T Eu¥ A N2 SORBEMEICHEERE T 5, MEIZE Y Fe %A howk
KBRFF DSBS Uy Po= 2.5 GPa b5 DE I T3V 7 OEIRE R EE T 5, AL T,
BZALIR AT BGEL(L T NFS) SR> 6 R IRAE T D EuFeAs: OREMEDEAL 2R~z
2. %8
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