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Preface

Unstable nuclei and elementary particles are not only the subject of research in astrophysics and
nuclear physics, but are also widely used in the study of electronic properties through their static
electromagnetic properties and hyperfine interactions.

It is very meaningful for those involved in these studies to regularly learn about new trends in each
other's research fields, and the specialist meeting on "Nuclear Spectroscopy and Nuclear Properties
Using Short-lived RI (X)" was held online on 7 February 2024.

The talks covered research on, in the field of material science, Mdssbauer spectroscopy, perturbed
angular correlation measurement and a new technique for pSR, while in nuclear physics, nuclear
spectroscopy experiments using on-line isotope separators and the development of a basic technique
for the neutron electric-dipole moment measurement. In addition, there was a report on the
international conference HYPERFINE 2023, which is closely related to our research group, and a
special lecture by Professor Satoru Nakajima of Hiroshima University, who has been involved in this
meeting for many years.

Each presentation was followed by lively discussions and served as a well-functioning venue for
learning about the latest trends and technical know-how in various research fields. It also provided an
opportunity for postgraduate students to present their results.

Finally, we would like to thank the speakers and authors who took time out of their busy schedules

to write this report.

September 2024
Yoshio KOBAYASHI (The University of Electro-Communications)
Michihiro SHIBATA (Radioisotope Research Center, Nagoya University)
Akihiro TANIGUCHI (Institute for Integrated Radiation and Nuclear Science,

Kyoto University)
Editors
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Recoilless Fraction on '’ Au Mdssbauer Spectroscopy
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Y. Kobayashi!, H. Ohashi and M. Seto'
'KURNS, Kyoto Univ.

“Faculty of Symbiotic Systems Science, Fukushima Univ.
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Dynamics of Hydrogen Atoms and Open-volume Defects in Palladium
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Fig. 1: Simplified decay scheme of the '"'Cd(«'"' Ag'"""""™Pd) probe. 1/2+ 111'(':d ground
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X, To— TR R 2 A5 5 pd oy SPectaof the NCd(eAg 1t 1TRd)

probe formed in a Pd plate annealed at

HrhAELTWwW3REEZOLNS, 1073 K in vacuum before and after the
D EREHC K B T X B 71210 F 7 PAC AR 2 neutron irradiation.

FA% Fig 3ICR T 2K DAXZ FARIRT X I T, 025 L

ERTE AN P A p AR BB E e, | 290 K

Pd & 7 v —7HD Cd ZFEMSETH 2720, 2D
PRE) -~ 2 — v ISV ER A A 7 1 — THALIE IS D <
ZEGENIC X BEEEIc kb0 EZ, (HRD
BRI BB R 2 E L C A= 27 P VR RIT L 72,

R(?)

satc 1] 13 10 5 : 12 K
G, ()= 3 1+7005(6a)Qt) + 7cos(lza)Qt) + ;cos(l Sth) (1) 02 -
0.15 |

0.1 |

ZZ Tap FELAVIEMEEE. ¢ 37R27—F v # :
(11— 72) DR TH 2, wp il ZIKE L T 0.05 |

T L 72, fRHT DFEE. 120K BLF Tl3 ap DT iJE N S
- o 0 50 100 150 200 250 300
BHUL 0.72Q2) Mrads' TH . A7 b VICTHEE 7R £/ ns
KB I N b o7, ZOFBEI XX — v Fig.3: TDPAC spectra of the
11 1 111, 111m
KEWEIC L >ThzbInboThy, HAIneE  Cdle “Ag— " "Pd) probe formed
L e e in a hydrogen-absorbed Pd plate.
IKFED 70— THREALE T 5 1B B e % FE A & 7o ] Measurement temperatures are shown in
REPEDSE V. DT L RGEET 5 2, FiRfllo R~y cachspectrum.



F L DIREREE R R L 72, 180 K 20 & Eilf ¥ Co I E IR COHEE TlE, 290 K D X277 |k
ADIRT X 91T, PAC A2 b DMEEEIRINICIE T 2 BB E I X — v 2R L7=D T, )X T
NTEEEIM A BERE R IRE L CTARZ PV REIT L 72,

G (1) =exp(— A1), Q)

CZTCMIBRERTH Y, 71— 7 L %IMGo M
EHOMREREEIC I T 2T X -2 TH D, EoT
AX7 P AOIEKIEIRG T, KFoRES L7 O] ]
0 — 7 OKMEMBEMNZRKRL T d0eEZLH [
N5, EHrOE, miRflo 2~27 b viciiac—REx
BEERFEIBIE S Lz, Fig 4 ZAZEE OBt
LC7my b LbDThHE, KT —FEHETL—=
72D 3)T7 4 v FLize A, KEDEBEB DI
AL = 2 v F—E, =41(4) meV 2353 5 N 7=,

A/ 10°%s"

1 1 1 1
3 3.5 4 4.5 5 5.5 6

) 1UT/10° K

3) Fig.4: Temperature dependence of the
relaxation constant 4. The solid line is
the fit to the data with Eq. (3).
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kp TRy~ VERL TIHHHEECH 5, U EoBHER X, 180 K DAL EiR ClkE»EGE
L CHO. 120K L T OEETIRKEDOEFBBHAE L TWB L EZRBLT WS,

—7J5. PALS HIEIcBWTld, B %1757 Pd T OGE FHamIZ 0 2 (8 TOMkE R
112(1) ps Z/R L7225, 2 DBOBMKET v — Ik o CTHBETHaid 183(1) ps L7z, Z D
FIEATIFZEIC X o TS S LT % Pd RIS AE B L 72 22 AL R B (~200ps) 7 & ICHRAr (~160
ps) DOEDRNCAIE L T3, Z OBLIFER L. KEWIERIC X o> THRFAASTER S iz 2 & Rk
LTw3,

4. T

AHEFECIE BEAABIE IC X > T Pd 1 OKRDOIFEIRTE 72 & UV B B) 2 3 5 i i< P 5
5T LTI LTz, Eey KEPIHIC X > THE U 2REE R D 2 4 7 % B8 IHIEA foGiEIC X
S THERE S % 2 & T&E 7o, AWIFRHRIZ, KB Pd DEAMLIC T THMZERICZ 2D D
LRI NG,

(&% k]
[1] S. Dekura, H. Kobayashi, K. Kusada, and H. Kitagawa, ChemPhysChem 20, 1158 (2019).
[2] H. Akiba, H. Kobayashi, H. Kitagawa, M. Kofu, and O. Yamamuro, Phys. Rev. B 92, 064202 (2015).



£y NYTRERDVa=T (YSZ) ROE{LHA F > D RPTREE

Local states of oxide ions in yttria stabilized zirconia (YSZ)
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1L.IZT®IT

AV NITZEN Va=T (YSZ) 1%, FEAKEC (Zr0))1(Y205), TRINAEE(LY Va=0 LxfHEET S
TIIvI AT, AN LTI IR VA RIEE N L BT DEEOICEER L E AL, ZBILE
LI bA A OF OV v TRRIDHIINTRD, ZOREICEY YSZ 1X O A A U mE kLU CRERE:
bR EE L (SOFC) M EME IR AEIN TS [1], Lo, SOFC IZEMEIRE A 700-1000 °C &5
W2 KKIR CHSBE T 2 BAREMEI O HEN LR EN TD, BBER IS (NMR) 1%, BEIRNOJFE T
A DEBIEE S BT EZ T 5 ECIEFICHE D20 ETHY . BREMEIOFE I BV T
BEREEZ BT DN EIR SN, B NMR ICIE- Tk, ZERIG A THE—Z AL 285 70 (1
=5/2) DRIRIFIELLDY 0.04%ELFEF /NS | RN AR 2 E RS DB B D S - T R DS
EUD, T TE AL, HEMEE PO (I =52+, Tin=27s) ZF|H TX% B i B RIS (B-NMR) 15
IZ%& B L72, B-NMR ETIE 70— 7 a2 BN D — AL L CEA T L7200 0E R OB FE RN
T ERE IC 2 ELRY, T78bh YO B-NMR iEi, REMERIZZ Kiga A B HEESSH 70
NMR IEIZEEDY | #7725 NMR 73 LU CRIH CEA R EEMEZD D, A 1L ETIZ, YSZH PO
DAL KEFREFIR] Ty OIRERFHEZEIR IS CRIEL, ZOR/BREONTEY T v 7 HEEIL,
Viefhous HIZEVZEIRD G 1000 K (22T TITH7Z 'O NMR ORIERE R [2] £[F— Arrhenius 237
A—=HTIHBATEDLZEZRLTE [3], ZAUSED, E—AAH L2 PO D Ty 23 YSZ HOFER BEHALE T
DIRDEENERBELTEY, Y008 "0 DR T 01— 7 EL THOAENMERE T S ATREME I VRSN,

SRV A D Arrhenius 7y MR OB IEHAL =RV —E, = ~0.3 eV [, FL—H—iE
REK[REERE DO~ /aAar’y JIRRIEETHELNIK 1eV [4-7] Vb RIBI/ NS/ EE /25T, 47
FENSIFIRIZIDAAARE L 2L — U a 3B EEFFL TEY [8,9]. NMR OfEFiX O A4 HE#K
(BB LW RN OB BB SIFET DRI AEME A/ RIR L T, ZORIEZBALMNIZL TV BT, BB
ALED RFTEIEZ L, N OAL - HE TR 25| SR 2T REENGOIRE R ABEL AR E R ETHIL
IZEERGL D, FOT-DIZAENE YSZ § °0 OB ZIART MV ORIEZRIT T 55T~ 5EE
IZOWT, BEELBICB A S ESR AR O ERB IOV — R E LD A T 7,

2. EB
ERIIETFHFEITERBSEE T ERFERT O 7uba lEs s HIMAC O ZKkE—
LT7A SB2 [10] TITo7z, FEFBRFIE ref. [3] ICFEHSNVTWDARLERETHD, FRE T MAIZK 10%



BAE ARG PO B —2% 1 T OFBSGHIZED LT YSZ Bk e K EA S S, 3 EHT
KL ETFTHENCEINIZTTATF v I Fl—rarBtigsz VT p 2L 72, 10 mm £, B
0.5 mm @ YSZ EfE 2 E S 20 mm x 18 40 mm E72 519012 8 KBl fEfa HILIE c BhA i3S & SEAT
W22 DIDNCRE LT, BIEICHER L YSZ BRELOMB LIZB L% Zr0, : Y205 =9 : 1 (x =0.1) T, #IE
IXEIR TIT o7z, RF AV IDEBS IR LB E S MRS AN L7 e & S Aw -9 &
fRIB3E P WAL T %, B AR HHFERIXRERIZ R LIE A E pfat o7, BT o ittt at
=X —FHZLIZED B RRIERIFREDZAL SAP (A 1L B FREEIEXTFRERER) L C NMR ZtH 352 T
x5,

PO IR I =512 CThAH-O, WEBHEIERNTFETLEA . (EE T CIXZEMBIcIEAT 5
AKOILEH v =vo+ (=3 (i=1-5) IZHHT D, BEETLIHEBROMBE vs (= [Vmyrom —
Vmom-1l) (£, BH AR T VL VU DXL D DT B8 TA—4 eq=Vyyo = (Vi — yy)/sz
(IVizl > |Vy| > WVl Vax + By + Vyp = 0) ZHNDELL T OISR END,

= 22 (3c0s%6 — 1 + nsin26 cos 2¢) M

::T\ vg =29 _ 30 63 00 pEKMEBE—AN, 0L i%ﬂ%h*%’jﬁﬂ@ziﬁf

202I-1)h 20 h

RIS BT E e DR A LA ThbH, REBRTIT, VI EMR S HZERE T H7201T beta
nuclear quadrupole resonance (B-NQR) vEZ @ HLTZ [11], BEET D2MKIEMF O EF 40)@1’5&%5'% i
Z7 adiabatic fast passage (AFP) {EZ AL . 3R EREORITE vE ITHIET 2 5 DO E Ry O
7 VA RF B AR AN AR 5 F TEF 15 B0V AZNEREIIN 528 T, JIBRMAFE - L 72 L XD
RROIEAFEEACNFELINLIT 2D, HLEAREEL vo (= v3) = 4670.8 kHz ZHEEL, v§ ZEZRD5
SLISERIRZAT o720 45 RE 7 SVADR L, AFP S /-3 JOBSE AT 1.5 G, HFFINE 20 ms, J&H
55 (FM) £2 kHz IZERE LT,

LERLER

YSZ &1 0 @ B-NQR A~ kL% Fig. 1 \ZR$, ZOREITHBNTIE, FLOEEE vy (BT SHm =
—1/2 & 1/2 OBEBENPLTBIZEZENDT20 AP ITFEIZERDEEZEL D, ARTILDR—=ATA L)
B LR TWBINCRADDIZFEDTD ThD, ZDATIITKL ., v DNEIE g DT Z53FRIT
PEHOEREL CLA TR T B E VT fitting 217572,

SAP =a {e‘(‘/g‘VS)Z/ZJ‘%S + rae_("g‘ZVS)z/z(z"Vs)z} + const.

0.0

2 T e T
01}

TICH2IIR, AROEGIRE 5D v D2AFTHLTH 5 0257
vi OREEHEY MEEILI LS ICBNLBOMROFET T 030 T
&5, Fig. 1 ITRT IO fitting fE RN LT — 22 L<HHL T F 04
HIDNTRZD, L (2) XE—THOHLIBATMLOE 57 05t ]
AT HZENTE, vy OFEHEELT 7= 54+ 060 B 1 /lems. )
1.4) kHz 2Lz, ZOFEFIZOVT, 7O NMR I2X0ES & 5 10 B m B
NTWS e2qQ/h = 600 kHz [2] LD H#AE1T>TH 5, (1) v (kHz)

ROFEMDOF HEEDT I BEMZ Vs ~ Vo/2 £T DL, Fig. 1. B-NQR spectrum of O in single
crystalline YSZ. The red solid curve is the
best fit to the data. The black solid and dashed

=0.12+0.03 ) curves represent each component of the
function shown in equation (2).

le2gQ[*g0]/n| 23—0-2(5.4i1.4)
le2qo[*Z0]/n| — 600




L ERXRMEM®RE - A MO K

|Q[*301/Q[*30]| = 0.14 +0.02 [12,13] LB\ 00606
—H AR LT, ZOZEE PO & V0 BREVIZE o’o’ s .
LOESREARL THY, T Ty OfFRL Te%o oY
R T SR LY A M BL COHZ L4 ,0,0. 6. 6 ©o0
SKETDLDOTHD, £, V0 [LBOEHE b O O O @

BoOKSSERBLLE, [Bgl=BEDx e | o
102 V/m? L7257, A
WAV ATIREE DR FALEICIIASRES A , .
R . . Fig. 2. Supercells of YSZ with composition (ZrOz)6(Y203)
BLIZACZRWA, YSZ OGEIEAY NIV ACEE  drawn using VESTA [18]. (a) Fluorite-type structurze.2 Eb) f\/Iés%c
FBERILOFEENBIE AR OER L7/ 0EA, %  stable structure calculated by VASP.

ZC, B R EHE ATV ERG RO A 10 e

1757z, AYNDARIMZED YSZ N0 FfiE e ('Z'r(')'); '({()'O' ) T
1EDZE{b% Vienna Ab initio Simulation Package = 8¢ " ; y (;aj{is E
(VASP) [14-16] ZHWTCEHEL., TOREEAL .§ 6f &
7B 3% (L& O % % A B % Full-potential 8 40~ 3
Korringa-Kohn-Rostoker Green B %t i% (FP- = 2F ;
KKR i£) [17] IZEVEHEL, 3HETAICH T B H B H ¥ E
v, FEERTHE A LIV YSZ BB LI 2T 0 s 10 15 20 25
LWHBRZ L &2 B L9 | Fig 2(a) ICRLTZ v, (kIEz)

(Zr03)26(Y;03)3 DH ATIMEED A —/3—F

NEFNE, 32 8D Zr A DS HEHL - ¢ Fig. 3. Histogram of quadrupole splitting frequencies of (0]
° - a . in YSZ obtained from the electric field gradient tensor

ED Y &, ZAUTIVEASNIZ 38D O 225l calculated by the FP-KKR method. The solid curve indicates

I&. special quasirandom structure [19] Z f\ T  aresonance line extracted from the experimental result.
BT, 2D A— /S — B LA F AT T FIL

F—H RO R ELRDIRFEREDFHEE VASP 2V TIT o7 £ Fig. 2(b) O X7 EREN LD
Nic, ZLTIDLEDOBEFANIB I DEHALOFH L FP-KKR {KIZIVIT o7, ERERLLBT D
72D, BBFEMNEIZOWVTELNEHAR T VXAl EREHFICEDLET c #zE& T
B Lz E DA RE I v 72 (1) REFHWTRD =, Figure 313 vy DEHEMEEAZEAN FMELIZHDO T
HY | FITTRUIZERE RO L vy D MERW—EZRLTC, €25 T, BAFR NMR (Lo TEHEIS
N2 YSZ FICRITLESZ AL, Y BRI XV F R EMNTDIETELTLD THLLFIR TEZHT
D,

4.F LD

1T, ARG Y0 B — 2% W TIT 272 YSZ HfEdh 0 @ B-NMR 43 Y1280, PO O U ERE />
HART VOB BTN LT, AT MVING RIS -7 B AELDO K E XX Viethous 51285 'O NMR
DFEFRLEBN—FZ R L TRY, LTS L T OFERE L) T PO B-NMR & "O NMR O#ERIZE N
FJEIRSFBA TEDZENRENTZ, ZDZEIE, SN AR LT 0 28 YSZ T4 TFET HEESE L[F]
BRICIRDEE > QD EETRRIR T HHDOTHY, YO B-NMR 7% 'O NMR ORELL THHELE THHI L
R LTS,

FB—FHEHEICLY, BEMEICESAENSECLIERD Y BWINCLAEEREN CThHZ L RIES
L ZNEL LTSI BSABROFERERIT, SEOER THOLNIZAI M 2 LA TELZ LN
RSN, BHIDIT T DOFERDORIBS IR DOEENZ DWW TOFERAED TV BT BiEEmIC
Y E A 72 A MO HELZ TR BED TETE D ATREMEIZ DWWV T, B — R EREF B A WV CIER 57 LI B I
WVERETHD,
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1. lELwic

EERBRE ) Z L b H Y FRREEOKEZ W7V, ZRET, ZEAX v O3 o, —
7 = 0t UREEORSIFFMRIEOZD) . EREEED A L 7 b 24—/ S—ZBOWFE, Ln/MA 53
BEDRFTE, BREEHEHRERFTE. T/ KIF O ZED TE 7z, T2 TETH Y = vk L 3EEEOREF AR
REDWITE, R EE OIFFEORER A TR T 5.

2. KT = vk U HERORA TR HRREE

6] U4 F-oMAR D R D Rl A H o b D & 1R AR
HbEm &, IBRERAm LG Robin-Day D4FEIC
L= CTULTF OB LT T A3 F Snb,

77 A1 ERENHEERNIEA SN

77 AN A MBS B L, B 72 EE )

HHT 5

772N  WREI7RETIERHEET S

K7 = ut UFBER (Scheme 1) DIRAETHREEILY
FAMIHFEEIND, 1980 =2 AFETIL, A AT T4
EIZX V| Fe(ID)-Fe (I11) DIRAEDJRFMRIREE & 2. 5 oD~
HOFFRED O LAMON TR 272 T TLT  gao o1 mARAl T = ab
COBNEERAT Db 502 TR o T, T (R L TH ) | R TOR

B EEORT-27~7,)

3. IREFHREZRES HET
B 2t Nl TR T VAR EA L DR

3 R CTEB L LIALADDOIRETRETRIRRE S S S Y 2D OIRGEHRIRREIX, A AT T
—VEIC L VIRIET Fe(II) X7 Ly b & Fe(IID) DX 7 Ly MRS, {BEER L L HICTHED
X7 Ly NPT D, EORE, #MEOT 1 — R=2 7RIS e &0 9 Fifa ke, “ihve
ST C, FEEEIROERF A L VT —~ Z1RR\ 2NV, 2078, STIREFAT-0 , fsEL7=0 L
THIZEA DA = & & Ui, S, eI —mcEE T, BN TEXAI L L TERWZ ENHAHZ L%
R LT, BB A L — L BRI L, SEERICR OV LI LEFREVE OBRAH SN, 1
EERITIUITDIEEZDRIZIZTE ST LE ST, ZDTORN T2 EE 72~ TeDd, T I1EER L
THHZEE LT, ZORR AT HZ EDORES A AN T HBRIE R & D THaAx DREDRE X,
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EOIELNIRERE EOL I IR D00 E VI REZZEK L, ZOX 9 72— EOFI N2 HIET
%2 L OEEM A CHER LT,

FERRCER L, A AN T—HITE Uiz, $iFEREZERL Qoo ET7 VSR EAR LT, A
AR T —HIE L0 | BARERTARREEO TN UIR Sz o7z, L Lans, EEREDOREEIL Y
B ROERNEOND Z L 2o, ERRCR-> TADL 2 EOEERASD THDH - Lo, B
DCHULET—2720T, WAWARAENLT—H 2T =7 Uiz, RIC, A7 TN ~FvEE 7
FNELENLTALEEERR Ui, (b5 Bl 958 5 LWESERMITERR CIldian 2 & 22 TR
L7, ZRHOREID A AN T —RIE LY | JEFMREEDFEEN LB S 2 o7z, TR VERAEA
T 5 EJRFMRREDSTEEN LT 5 b D & Bo Tz, ZORHIETEHHE LR D3NS 7o Tz, B
W &, TTFNEEBENLUTACEMDERD A ARG T —ARY NUTBEHECH -T2, A AN T —ANR
7 MVDBEEFORNCEZFTOE NI AL—T 0 T L) FEE - T, EHER AT FIVOREIR AR
Tro TORER, SEEOXT Ly N ERo TS Z LGN, 3732bb, i, =M 2.5 Mzmrd
X7y NChDHEHENSI-, D7, FHEIOFRGREA#REYIEL, [MELIT-> TS 9 BiZ, $RRORE
it SRS A 157,

SRR ORE TR EIR EEFE C A & SEARSTICE S, IREROERREEEZ R L. 77, —F.
HOROFERIHEIR T M, S8 S, BE LR L BICTHMOX T Ly MBSOV ORI ET DS
BIOJFFMREEO T LB S T, XBEEHT L 0 . $EIROBSR CIIh T4 OBBENIEFR CH
ST, X7 =F U BIEARTH Y | B I <o 3 UK & Fe (11D OFFRENUT < 72> Tz, — 4,
BIROFESECIIA T D ZDOBEBIEO T FREI T R < 725 QN2 KT =443 T DONLEZ 6 {#
DA UHFNFECEE THO T, ZOFERIL, R UK C b iEEiEOE T L 0 IRETR TlRAE) 272
HZEERTHEOTHD, & LT CORBIRFAMA FA L O, %7 =4 O IR R T
fRREEZRE T D Z L &7,

IRE R TAMKEED S LT % R CHMI/ M E D =T L EE A
A LTRART L AMOBEERE, IRBEEZTT-727,

E (Q)
BEEREIZIL 10 g ULEOREDSVE/LRDOTREIZARK L
oo RANTT—HEIZ LD WESH TS L 5 ICAT \ /
DIFFATREED T LA BRI 7=, (SR TR 227 b N/
NEY I A A OFREERS), a2 MRS y
BT, (BRI DS ORBA T~ CRlCE . 1,7 60'"0"' -

=TI CTH D Z N o T, BEE BT IRER
FARREEDS M T DIREECIE, RIFMENEIRBIOIRE 2355 <
720, IR TIEER SN2 oty JFEN L L 2D &X
FHEFEREN T IR RIEME & 72D, Lizdi> TR THIRAED T
fb& & HITHT =4 L IR/ 2D DRI EEIC 72 -
722 EWbnD, BEEREIC X 0 R HIREES T 3 2R O/ N SR BB B s v, Zhud
va vy hRFIOBEE TR S, FAUSOTNEERERS I 5 LR S, DLEORERERE
95 & Fe(II)-Fe (I1I) & Fe(I11)-Fe (I1) OIRAEAMEIR CIIEM ClE72W A3, 1B ERIC KL & Mic7q 0w —
OOIREERTT h L RNDEDAE L FIUC L 0 EDE KRR/ 2 & Z L TEDOHERE T a v b
F—RIOBEFE VRSN Z 212725 (Scheme 2),

Scheme 2. Fe(ID)-Fe(Il) & Fe(ID-
Fe(IDDRT ¥Vl —7 (FEITEMT
HIIIEEEAM 72 B 5 d,)
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4. —HEOTUTIVRVHERORATRHREE

IR TAMRRE AR ET DR T4 b HRREFE CX 70y, —HO VT V) VHEROIRE R TlRRE
FE—HNERR L T2\ & o7z 1 —EOSEROTR X MREHTRIE 21T > 7o, 2 KA RN FRE DO5E ]
FNBHR STz, ZTOMEENTT VSNV ENELS 22D L L VBEE I eo Tz, FAF VUl L Ca v
feft LR EHIR O ORBRIIREA L 52 L. SHIIP 7 a2 2 UnLEREREITH 2 21Tk 0 REEN
B ORI CIIED OBRIEREZ HD Z L3 booT-, % L TED OB BUD 3k IRl aE
DONHUEINREE 720 DK L, B ORERIREEAZ B D3R CIHEE LRI X v aa RIS b a3 2 &
InoT,

BEOOBMEEEZEARECIL, |ELY bEEICT S Z LIC X VSRS X 5 Z L 2R X &
EHTREIZ L VLN L, BODBRIEREZ & OBE L 700 Z L3 nholz, 20720, ZOFREHIRE T
RREEDFZEH AL = 700K 91057, EHIZZOREIZBREDCT T 1 BB L T LT
BOOBRIREE 2 RSN L WA Z N ghoTz, ZOZ Bk, BEEEEZE 2 5 Z I VIRE
JRFRRIEZHIECTE 5 2 L 2R THOTHD,

ZOTNVFIBEDEFE SIS 2 T A AN TR K VTR L, B ofBREREY &
AREETHT L - L LB ORFR e EE 2R LT-0IZXT L, BEOORBEEEEZEA5SETT L1 T DIE
KRS L 72> TWND Z 2o T,

ZIVETEDOBRIFEREZ & DiEmEEIIRE L QU B D OBRFEREZ B D ST ORI 357 - T
Wpino Tz, NTFVEDEE L A7 FAEOEE CHEERMME LN O TS 21T 72 2, IRAR
TS T A OIS TR EZ7ZLBWITRRD LI oTz, LNLRR L, AANY T —AAT ML X
D AT FIVEEBRTIL Fe (I1)-Fe (I11) DIRAEFRARKRIED T ETHo7oDITR L, A7 F/LVEEEA Tl
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Muon Spin Imaging Spectroscopy D Bg3&
Development of Muon Spin Imaging Spectroscopy
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1. I XC®IC

Muon spin relaxation/rotation/resonance (uSR) ¥4
1. WEWNE O RS O 15 A i T & 5 958
FIET, BWWGHTHHS N TWS[1]L, Ll
D5 PERD uSRIEIZH W BV D e Has I &
IMRRRED TR\, BB R DN L X )
ZEBTERY, b LAROFALETO pSR 22 Spinpolarized
U MR B IUE, BER I (MRI) < 2%
FIHESN TS K52, MEOHEEDE % X
THIZE S TREDOA A=V v JHifg & {ERk T & :
ATEAH9, Tracker (type-B)
uSR SRR NTA A—T 7 1E N, Kaplan 5 Fig. 1: Image of all the trackers setup

IZ X > THEICHRAALLIZ[2], 42 513, FBHRRIC

Al AHIM L, BBt E2 D L OB S CTME S 7 — 2 MG E1T 9 2 & THE O A X —2 7
B a2 TG Uiz, — AR T, ABHES OFIICREIOEHER LICA A=Y 0 7 E81TRA D L 5 (i
IIRRE A FF o To M ER 2 B 72 12 LTz,

FAITIEI =AYy (W) E—2 2R L., 2 o2 W72 IR A FE 0 L7z, n" O B
HENDBETE N7 v 7 L, BBSALEO uSR A7 hLaR©ODHZ EICL-T, fERELT
REID A A= TG ARG T 5 Z LT LT,
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2. frERHEE (P77 vy V—)
sskooi@y . Fex ik uSR B2 L AL A—Dy Plastic scnlllatlng fibers |
7" (muon spinimaging) % EELIE 572D, 7 .
FAF I FL—ary Ty A8— (PSF) |

[381& £~ 7 A 73— Muti Pixel Photon Counter
(MPPC) arrays[4] & filA G bH T, Hi- a1
{‘L%*ﬁﬂﬂ% (7 TAN= T b—) 75_)%1/15 L (a): Type-A; A tracker used for two inner layers (see text)
72 2O T w1 —F pSR NI E D F F i H
TZX5H0THD (Fig. 1 &), ZO7 74N
— £ Z w1 —13"B-MRI” DA FE[S][61IZ WV &
NTHLHDEELFLHLDTHD, 77 AN
— T v —OFEH% Fig. 212”7, hTvh
—I TR B FICRE SN D 2 Mot 6 ,
Do é_% - ;(fﬂ i%h%ﬂ I mm ﬁ 7 PSF (b): Type-B; A tracker used for an outer layer (see text)
DEATLT D LD ICRE SN2 ED 2 RIGHE Fig. 2: Photos of trackers before being shaded.

M LBE S Th L, Tabb, 10

BRI L SMUDJEDMFAET D Z & L7223, 20 & ENRIDEIZIE 32x32 A D PSF, FMAlD
JEIZIE 64x64 A PSF ML EHVHIL TS, Figure 2-a, Fig 2-b [Z7R T X912, 2 FfHD ~ 7
v A—NHELE L, type-A 1T, type-B IZFMADEICZENENH WD D TH S,

NGOy I—ICLVGETEZ N7 vx 7 L TEDOBIIROAE, TR0 LN TO prdfs
IAZEZ KD D Z LN TE %, Figure 3 IZBEE FHUHIRONE DR D 2 RmT, Fex MIERTHEH L7
wrE— A, OEE) E)Y 29.8MeV/c &L )

OD%E*/FW’CODTTE%ﬁ) 1 mm L:?%f:fcﬁl/\\ W Plastic scintillating fiber ©

DL TR 2 AL E—nh] IFolziz®),
wr D45 LA B T RAORHR 1 O 77 (£ % ik k- r

Plastic scintillating fibers Optical fibers

TholebBZEZR LD LR TE D, ERTIX
Hbtex — ZFHIC LT 45 TR L ©
DT, wofFEIE Lo FfeKidz =y

- i%‘?‘_ LRT % é L7eai- < FH Eﬁ'%fj& Positron's emission
II:H{JE\@{J.% i\ P‘MEIL ﬂ‘ﬁ'“%f@ 2 f Fﬁ@ source
BHNENSRD SN DEME . z = y Vo
EDORRERD, BT N7 X T2
WIoA A= 7 OITEIZBE LT, ref. Fig. 3: How to find the coordinate that e* passes through the inner layer. The

[7] WEELLSTZRENTWEHEDTEL L & coordinate on the outer layer is also determined in the same way. From these
B X LT\ two coordinates, a straight line along the trajectory can be sought. Plane S
= AN =Y corresponds to the surface of the sample where u* stops. Source position is
determined by the intersection of S and the straight line.

Hit position
(X, vn 5)

Sample
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3. ER
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Too F2BR setup OHEMEX & B E % Fig. 4
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DT TZAF v rFL—3a s
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HICRE L. FT v — AT hE DR —
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Lﬂﬁﬂ IRITHY 11 G OGS 2o~ /b R
WY A Ko THI Lz, T O ut Range ~ 120 mg/cm?®
DIEESE u TE— LD A AR O] X | 3 Fig. 4: Photo and schematic view of the experimental setup.
bbb —Allox U CEEBEICHETE LT, (b): Schematic view of the experimental setup.
BT (2B SNz Es v AT LT & D
muon spin imaging D EFEEFRD T2, Fe 41T Fig. 5 ITRT L9722 Ag & Si0, ZlAf oE72ilkl
(Ag+SiO, alBl) & B LEHI L 7=,
AR BUE LB HIE, Ag & SiO T pt RS
BONRKREERDLEN) ZEDPBRICESMENTE
D, B DEWEBENONE Z &I 01T S0
Mol Th D, Ag T TIEWITEDOEEFEL,
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FETFLMELEICHEDO I 24 =7 A LIFE
héﬁ EZTUNT 52 EDHDH[10], X 24 =7 LITH
ek AR L. Mu® &35 S5, ISROEHIE T, Mu' & Fig. 5: (a) Photo and (b) drawmg of Ag+SiO: sample
Mu’ DRI ITZENENLL FOE & 72 %

Y mut
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21 2/

Y mu®
=1.4MHz/G
2m z/

Thbb, B U TIE, MO A E I MurOZ k0 55 100 f55E 0 B TR 2Edh+ 5 &0
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Table 1: u+ heam conditions

Momentum Energy Polarization Intensity Beam Size
29.8 MeV/c 4.12MeV ~100% ~ 800 muons/s Circle 20 mm in diameter

4. EBGER
AW TH G T —F 1%, CERN IZ X » TR ST —Z Bl — /L "ROOT (11T & = THEHT
AT oT, TN BEF N7 o XSG LNT e —AT BT 7 A V% Fig. 6 \ZRT,
Figure 6 21X, WifF S 5lEl OB OMIE., LT Ag & SiO,DERDAMELRLTHDH, L0
WE 7B REILCT — 2T 21T 2 5 1E ElC st Eldfs o e ooz, Ko T, Fig. 612
R LTEEERARIC L3> T 9 OO (00—09) (2 Db —hF a7 7 A NENEIL, F— 2l &
W=,

Z LT, FHEECOBE T IERMFEORMBEBAR) I FTOXTROLND, 2B, iZ2KEKOE
5. Ny(®) ENp(D)%EZFNER., Lt ToOREO LAl L FRITo
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B TR S L7z, | | e o

A) = Nzl'z(t) - Nf')(t) 15 700

Nll](t) + Nll)(t) 10 600

b 500

BRI DA(t) % RO 7= FEF % Fig. 712”7, Figure 7 (2B T . 400

I, ZTORNT MUILLFOBES ()T fitting Sh T o, = ° .

=T, AQ0), w, xq, CIEZ AT fitting BAXkD/RF A —4 Th 5, = -

f(t) = A0) sin{w(t —xy)}+ C =

E7- Fig8 1213, Fig.7 DAY MAOEEE 2 WLE A N 75 s

AZT7Ey b LIERREZRT, 0 4510 5 0 5 10 15 20
Figure 712H 5 L 912, PR EBEET 5 +FOHZITH YT 5 S Kémm)

DDA OEIRIT., WUEOMHEBEOFN LD H REL - TCUNA I Fig. 6: Divided the profile obtained by
o 7§§2975‘E)0 -, TREDANY MO E T Mu® % B2 D trackine vositrons of Ae+Si0> samvle.
NEV) e EEE 2 BT 21T E L7720, B Tus O Mu"AE D TV GRAZEE) O 2
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Laser spectroscopy at KISS
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KEKFDLEFER Y 7 —(WNSC)IE, BEXFRERORBREZ R FEZWE OIS G 5 )
2T 572, FYLFERFZEFT R IE SR 78 & o & — 2 e BRI AV B/ BERRKISS(KEK Isotope
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2. BHEEH

L— P B LV RE S5 BEAEA/EA  (Hyper fine structure : HFS) A7 L% i
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TORFEEROTRREER LICHE L uRFEELOE 3 ©— 7 AT 2 HHEFBIEEN = 126
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Identification of B-delayed y-rays of a short-lived fission product '*"Nd using an Isotope
Separator On-Line KUR-ISOL
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Fig. 4 SMS spectrum (a) and decay curve (b) of y -rays.
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Fig. 5 X-ray region of SMS spectrum (a) and decay curve(b) and fitting result (c).
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Fig. 6. Coincidence spectra gated by KX-rays.
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Fig. 5. Neutron in-beam Mossbauer spectra of
stainless steel at room temperature in an
aligned experimental setup with and without

a neutron collimator in this study.
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Fig. 6. Prompt y-ray spectrum of the stainless-steel.
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