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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 uSR, 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)
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Recoilless Fraction on % Au Mésshauer Spectroscopy

HREAW L, BERILES AT LT 2
ANPRBERS T RAESLGE 2, WP Ak
Y. Kobayashi!, H. Ohashi and M. Seto*
IKURNS, Kyoto Univ.
2Faculty of Symbiotic Systems Science, Fukushima Univ.
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Dynamics of Hydrogen Atoms and Open-volume Defects in Palladium
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W. Sato! M. Furumoto, H. Shimizu, and Y. Ohkubo®
! Institute of Science and Engineering, Kanazawa Univ.
? Graduate School of Natural Science and Technology, Kanazawa Univ.

3 Institute for Integrated Radiation and Nuclear Science, Kyoto Univ.
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Fig. 1: Simplified decay scheme of the "'Cd(«'"'Ag« """ """™Pd) probe. 1/2* 111‘(';d ground
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Sh, 7u—ZRFRILEEL Y 5 Pd DT probe formed in a Pd plate annealed at

SAEELTCWwWBREEZLNS, 1073 K in vacuum before and after the
J:%E@%iw@r 627}(?%%“&@% ﬂ’f:??}é GC?\E - PAC R 2% neutron irradiation.
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BRI BN (E L T AR 2 b L% R L 72, :

0.2

-0.05 |
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(y1—72) DIHFFBIZETH 5, wp T IZD A ZIRE L < -0.05
%ﬁbto%ﬁ@%%JmKuT@u@@¥ﬁ¢@ﬁ ol . . . .
_ o 0 50 100 150 200 250 300
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R X Do . COFMOBIIAX — V12 Fig3: TDPAC spectra  of  the

11 1 11, 111m
KERHIC X >THbINbDOTHY, HAZhE Cd(— “Ag— " "Pd) probe formed
in a hydrogen-absorbed Pd plate.

7k§% BT H =T )ld‘{iﬁ 1,7‘7 Eﬁtﬁ/j @E % %i SH7n T Measurement temperatures are shown in
e B W, T2 RREET A0, BRIl 2~ 7 each spectrum.
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A7 100s"
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}L=AGXP( ; ] . (3) Fig.4: Temperature dependence of the
kBT relaxation constant A. The solid line is

the fit to the data with Eq. (3).
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[2] H. Akiba, H. Kobayashi, H. Kitagawa, M. Kofu, and O. Yamamuro, Phys. Rev. B 92, 064202 (2015).
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ILEIR CIT 572, RF A VI KD ERBLG L BB 5 M CIREME G A FI I LT b & SRS A im7= &
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=R —FHZLITEY BRRIERTFREDZEAL SAP (A 1T B AREEFERIMAEL) LT NMR 2 4528 T
=D,

PO I IAE Y [ =512 THAH-, WEMMHEERNTET D5, ks N CXZEMBREIcIEAR 5
AROILIEH vi =vo+ (=3 (i=1-5) IZHHT D, BT 2 LB OME vs (= [Vimyrom —
Vmom-11) 1Z. BHAET IV Vi ORI PERE7-"TA—=5 eq =V 1= Vex = Vy)/ Vs
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5RO WL T B e DR &AL T D, ARFEBRTIX, 2RI ER Sy HA R E T D721 beta
nuclear quadrupole resonance (B-NQR) 7E%& 3 H L7z [11], BT DS UEN D S5 A RO HA 5 X
4 adiabatic fast passage (AFP) i£4 1 ML | 7328 ORI vi (kG T 5 5 DO EE Y hod
2V A RE WA RS KT AE TR 15 A0 SV AENEREIINT A2 LT, LB A 7 LT e X
I RDOIESHRE AR ELNIINTT2 D, O ERR L vo(= v3) = 4670.8 kHz Z[EEL, v ZZE X 72035
HISIRREAT o2, & RE 7SIV ADIIEL, AFP 1A 723 OB TRER) 1.5 G, FREFHIME 20 ms., J&HE
I (FM) +£2 kHz ICRRE LT,

.AERLEEE

YSZ 1 Y0 @ B-NQR A7 V% Fig. 1 ([ZRkd, ZOBEEIZEBWOTIE, FO R vy ISALET S m =
—1/2 & 1/2 OEBNLTBIEFEZENDT20 SAP 1L FICARDOEE L D, AT RLDR—AT AL M
D BB TWBIINT A DDIZZF DT Th D, ZDANXTIUIKIL ., v DNEIE g DA 253401
PEDLARE L TLL NS R BEE T fitting 217572,

SAP =a {e'("g'vs)z/z"%s + rae_("g'zvs)z/z(z‘”s)z} + const.

(2) 0-05‘ I I I I I

01f
CICHLEIE, AKROIMERE 5D v O2UNTHY TS o 02F]
vE DJAE I MEFINL I LEICBNLBOMROF 5T T 03F 1
&5, Fig. 1 ITRT IO fitting fERIT T —F 2 LHHL T J 04t
HINTHZD, T (2) RFE—THO LIBAT L OE Sy 05EF :
AR TN TE vy OFHEELT 7= 54+ gb BEID cams 5
1.4) kHz MBS, ZOFEEIZSNT, 70 NMR 1210755 0 s 10 s 2 s
NTW5 e?qQ/h = 600 kHz [2] £ DL AT > TH D, (1) v (kHz)

ROFEID P HEEOTIIE SR, vs = 1g/2 T 5L, Fig. L. 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).
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Korringa-Kohn-Rostoker Green B8 %t 7% (FP- o E
KKR i) [17] ICE0EEL, 35T 5107 o . @
V. EERCH L7 7 YSZ BB TIT S 0 s 10 15 2 25
LWAH A & 72 5 K9 | Fig. 2(a) IZRL T v, (kTIz)
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REDHIISE, R ZFE OIFED R & 5hd 5,

2. K7 x vt REAORGR IR

A U3 oA D TR D Rl 2 Ff o b O ZIRA TR
FbEmE 9, BAR AL Robin-Day D43¥AIC
L7eR > CTLLF OB 27 T A5 F Snb,

77 A1 SRERIHEAERNIZE AL

VA \ W 155 =g 2 2 VNS AR VN S VRN = ViR

A5

77 AM W72 IR LT %

KT ot EHER (Scheme 1) DOIRSFEMIREEIL Y
FTAMIPHEEND, 1980 FEZAETIE, A AT T 4505
EIZED | Fe(ID)-Fe (I11) DIRIEDIFEFRIRAE S 2. 5 D
BIDJFEFARIREED & D LAYEI SN TR 72 ™) 2L T
ZOENHPMNZHRT D0 L0 > TR -T2,

Scheme 1. EAFI 7 =nt
FER RIZEHIETHY | FiETH TR

BRI LA O 2R T,)
3. RAFARAEZRES DK+

E7 xa b Al F AR T a eV EAEA LD
3 R CTE AL LIALE D OIRESTRARIRRE S S S Y, 2D DIRETRHARIRREIX, A AT T
—EEICZVIRIET Fe(ID) X7 Ly b & Fe(IID) X7 Ly ROVEIRIS KL, 1BE EF-& & B2 HD
27 Ly NSO N T B, TOBE, BMEOT v— R=2 7RIS e &0 D fifa R, vk
2T T, FREBIR OB X VT —~ RN e, 2D, SUREFRT-0 |, iR L7=b L
THIEAED D Z L & U, SUNE, e S, BN TE AL L TERVWIERNHDH L%
R LT, BFFER D A LN— L BRI L, S ERIC 2 BNV E S IC LR RV EOFE AN S, £
EEMTIUITDIEEZDORITITE ST LE Tz, ZDT=DI2D TR IIEEE 720~ 7203, e TIRAER L
THHZ L L LT, ZORER BT 5 2 L DRES A AN T =43 G E 250 T2 ORIEDRE X,
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FRHZAR L, AARTT—HIE LT, SR AER L Qo). 37 VRN E SR LT, A
AN T —HIE XV | IRATRARRIEEO NI R bivied o7, LUy b, mfiEsE OREZ (b L v
BT ROIEFRIFHIND T & & Tz, FBERITO THhDH Z EDEEMA WD TLH Z &il/e-T-, B
DCHLIZT —H72DT, WANWARAENST =2 52T v 7 Uiz, IRIZ, A7 TN, ~Fovek, 7
FNIEZENLTACEMZ B LT, b5 (BEF) WFEE & LW FEFERERR Cldian 2 & 2 8ud THRK
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95 LR TAMIRAED N T D & D & o TV, ZDRATE NN LR DD B7eho 7o, B
WZ B, TINIEEN LTALEDOEILD A AN T =AY MUIHHECH o T2, A AN T — A
7 MDEE RDORNZRZFTOE W) A L= 7 80D FEEM - T, BHEIR AT S IVOFRIR %2 R
7oy EORER, STEEAOX T Ly 7o TND T RGNz, T730bh, i, =i, 2.5 MzxR7
X Ty NThDHEHEIS N, D7, HEOFRERE#RY IR, fEHIT> TS 5 BT, #RRORS
Ty TN S e =

SRR L ANEIR LRI Al & MBI S, BRI HlkEzZ R Lz ©7, —7,
MRS HGIR T M, =S8 S, 1B EF-& L BT X T Ly "o SW ORI LT HRkG
BIDJFAMRRIEDO N LB S 7o, XBEERRT LV | SHROFES TII 74 o OEHEEDIESFR Ch
ST, KT =AU BIERFRTH Y | B k% < FFo 3 U & Fe (111 OFFRENE < 725 Tz, — 77,
HRROFESE TIEA FA 2 D — DO EHIEO LI E < 725 Tz, 57 =443 7 SONLE % 6 f#
O A UHENFE CEETHD T, ZORERIL, [F TR C O AEREGEO@E NS X0 IRAF HlRIEA e
HZEETRTHEDOTHD, £ LT CORABTRAMA T4 OXFRME, 37 =32 ORISR 1
REEZIRTES D Z L &RT,

IRATRRRAED b4 5 R CHi & D= F L %

A LTRAR A OBGEBRIE, IRAEETT-727,
BRERIEICIE 10 g LLEOREISBEZLRDOTRKEIZARKL
oo AANRNT—HEIZEY, HEINTND L) G
DIFAMRIED U LA BRI U7, (RSSO IR 227 b
VR T A A OXIPHMEHEIRE), FEPrEfERE), 2 AiRE)
R L7, [RETITI I o DIEEZ T CElllcx, LT . :
SRR C B B = L s Te, R LIF. RATE Fhess ;
FAMRBED RN T HIREE TlE, SFMifEIREN O 2355 <
720 R TCITBN SN2 IroTz, RN L 72D & Xt
PMHHEIREN L IR NG & 72D, LIeds> TRHRKAED )
& & HITtT =4 L DIERFR G DR eI 2 -
722 &G, BERERNEIC X0 R ARRIED S A b3 IR R O/ N S e BV M S v, AU
va oy M RIOBEE CRET X i1, TAUTHh TINS5 SRSz, DLEORERERE
95 & Fe(I1)-Fe (I11) & Fe (I111) —Fe (1T) OARFENMEIR CIIEAL TIX/2 A3, RE BRI L0 EMlic7e 0 —
DOOIRRER] T F RGBT, AU K O DRI 5 2 & £ L TEDOHREM T a v b
X—TUOBFE B S 7= Z L1272 % (Scheme 2),

(A) (B)
E(Q) E(Q)

Scheme 2. Fe(D)-Fe(dIl) & Fe(ID-
Fe(DDRT ¥V A—7 (FEITET
FIIEE M A 2 T,)
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Muon Spin Imaging Spectroscopy D BF3E
Development of Muon Spin Imaging Spectroscopy
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uSR 73t & W= A A — 2 71X, N.Kaplan © Fig. 1: Image of all the trackers setup
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2. (EBRHE (FT7yU—) —
SR Y | T2 lE uSR EICE AL A=y Plastic scmtlllatl
7 (muon spin imaging) % FEBLI 572012, 7 -
FAF v FL—ar Ty AN— (PSF) |

[3]1& 67 7 A 23—, Muti Pixel Photon Counter
(MPPC) arrays[4] & #L A& T, Hi7-IZkE T
M@t (77 A= 7 v h—) Z8YEL
770 2D N7 v —1T uSR HICF D F FiEH
TE5H0THD (Fig 1 ), ZDO7 7 AN
— T v U —I3"B-MRI" DWFFE[SI6IC IV &
NTVLHDERLFALHDTHD, 77 A3 &
— N7 v —OEE% Fig. 2277, T vh
— R LT ICRE SN D 2 ORI S e
‘7;)0 é_% 2ol ffﬁ&?:%n%n‘ I mm % ®_P§F (b): Type-B; A tracker used for an outer layer (see text)
DEATLT DX I ICRE I 28D 2 IRotHt Fig. 2: Photos of trackers before being shaded.

A LGE R TH DL, Thbb, 1D

R IEPN E MU DJERAET 2 2 & Lo D03, 2O & ENMIDREIZIE 32x32 ARD PSF, SMAlD
JE 213 64x64 AD PSF BNENLTNHW STV S, Figure 2-a, Fig. 2-b (TR T X 5I2, 2D 7
Y A—HE(E L. type-A I[ZHMHL, type-B IZIAMUDBIZZNENHND LD TH S,

INOLDORN Ty H—ICEVGETFE N7 vx 7 LTEORPEOAME, b bLREINTO profE
I 2R % Z &3 TE %, Figure 3 ([ZB5EFUIHIRONE DR O S 2 7=4, Fox NFEBRTHEMA L
urE— AL, EOEH)EN 29.8MeV/c & Z
OFEIN TORFEDY 1 mm ITHT7Z 72V, VD plastic scintillating fiber
PPD [REI 24 E—LA) Eolalzd,
w DA IR E T RUR R O AFE T 5 Yo b [Z

(a): Type-A; A tracker used for two inner layers (see text)

Plastic scintillating fibers Optical fibers

Thot b EXD I EIRTE B, FRTI, |
B x — 2 FEICH LT 45°1) TRIEL @—
70T, woEIE L FEo FENiFz =y
(1: i%ﬁ“: g: 753‘(‘% 50 Lf: 75§O VC\ F)’%%%m Positron's emission
HIROMLE L, R SMAE T 2 fEETD  source
RHALEN RO BN DHEM L | z = yFiH

EDRRERD, BEF T vd 7 %2

WeA A= 7O HFEIZEE LTI, ref. Fig. 3: How to find the coordinate that e passes through the inner layer. The

[7] WEELLSBBRENTWADTEL & % coordinate on the outer layer is also determined in the same way. From these
B ST two coordinates, a straight line along the trajectory can be sought. Plane S
£ i =Yoo corresponds to the surface of the sample where p* stops. Source position is

determined by the intersection of S and the straight line.

Hit position
(x5 %)
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3. R Plastic scintillator A
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BNCERE L, N7 v W—3 AT AL DAk e
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Lﬂﬁﬂéw IR 11 G Dlcs 2~ /L LR
W aA Ko THIN LTz, Z O u* Range ~ 120 mg/cm?
DIEIEY s “+ E—ADAE /{Ef’ﬁ@["]{: "9“ Fig. 4: Photo and schematic view of the experimental setup.
bbb E—AENIX U CEBEICHRTE Lz, (b): Schematic view of the experimental setup.
BICPR SN REEGE Y 2T AICX D
muon spin imaging O FEFEERD 7=, T4 X Fig. 5 IZRT L H7% Ag & SiO, A b=k
(Ag+SiO 5kl ZB/ELFHAIL 7=,
AGREEBUWE L2, Ag & SiO, T TO W diES
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D, 2D OENZRENOALE Z LIR30 230
Mool ThDH, AgHTIX W IXZEDEEHFTEL,
ﬁm@%fﬁo_n%kaﬁﬁo—ﬁfﬁm¢fﬁ
TETEME LBEBRMICHED I 2 4 =7 L LT

héh BEZTERT 5 2 LR HD[10], X 24 =0 ATH
et 2 = L. MW &IN5, (RREEHIE Tl Mu' & Fig. 5: (a) Photo and (b) draw{ng of Ag+SiO: sample
Mu’ DEERBIRRLL T TN TR T O E 72 %,

Y mut
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2m z/
Y Mu®
—— =14MHz/G
21 z/

T72bb, FUBGH TiE, Mi®OAE T MuOZ1 XY B 100 (53 E ] CREEE4 5 &
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Tahle 1 u+ beam conditions

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

AWML TR BN T —# 1%, CERNIZ L > TR I N7 —ZBi%Y —/L"ROOT 1T X - THEHT
1T ol, FTNE BEF N7 X B ol gt —AT7 v T 7 A L% Fig. 6 IR 7,
Figure 6 121X, SN2 OKONME, £ L TAg & SiOOEROMELRLTH D, L0 M
WEZ /LB CTF — Z T 21T 2 513 L ‘l‘/\fci‘l'*m#% I/ oT, J:OT Fig. 6 T
R LTRSS L7223 > T 9 DOFEEE (00—09) ([CZ Db —AF a7 7 A VESEIL, F—Z it %
DT,
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BYE TR L LT, - !m

A() = Nzl:/(t) - pr (1) 15 00 !0-1_| 02 700

N (t) + Nj(t) 10 % 500

5 -J i 500

KA DA(L) % R 7= #E Fe % Fig. 7 103, Figure 7 125\ C 0 Eﬁ'ﬁ“ﬁ w00

X, R TOARALY MUZLLTFORES (¢) T fitting S TW\Wb, = ° wiLr 500

=T, AQ0), w, xg, ClZ AT fitting BIFKD/RT A =% Th 5, -1 o @ o8 -

f(®) = A(0) sin{w(t — xp)} + C 15

£7- Fig8 I21%. Fig.7 DAY MADEREZ 2 Wt A hrS5 2 s
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Fig. 7: Time spectra of asymmetry A(t) for each area. Numbers . . . . ) )
on the title of each spectrum correspond to the ones in Fig. 6. Fig. 8: Visualized amplitudes of uSR time spectra at nine areas
Amplitudes A(0) and periods T=2T1/w from f{t) are mentioned of Ag+SiO2 sample

on all the time spectra.

SiO I T MW S NT2 2 & BT D72, +Fi5r D 5 DOk (01,03, 04,05, 07) & DUREE
57D 4 SORE (00, 02,06,08) OFERZZNZENELEDE, ZDOAXT MLOYIOD 2 us LK
L. JEHEvy,0 = 1ISMHzEHEE SN D M A E D [ 8@ BOFE LN D=, ZDk
XL 2DODAXRT MUE 1T EL0.025us & LT,

BTBoNTE 2 DODOART MR LT 7 — U =258 (FFT) Zia L, ZTIZEND AT MR E AR
AW S Sy O DI ERER LT-, FORR % Fig 912~ d, T LY. 15MHz O & — 7 [ ZIUREE
FOFERIZOB L END Z 01D, BLEXD | +FMAICIIMICER S D B — 7 OIFTEDR 2N
ZEND, ORI T b b Sio, 16
FTO MU DR E RS RS 5 H D Lo ' s TR 0A%57| ‘
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FEHE L LT, Fig. 8177 X912, Fig. 71
RUICART FMLVOREE 2 IRote A 7
A7 ay 52 LT T, "AgtSiO il
Bt DA A= 0 J g A ST 5 2 LI
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Fourier amplitude (arb.)

5. i 0.0 | :
L], W ORI OREHC B LTI 0 5 i 10 " )1 5 20
—r7 BHEITH 2 LT requency (MHz
1 //\;«/ 7 @A{%O);ﬁ?{%*%{? oLe E:Jﬂz?i Fig. 9: Result of FFT. The red solid circle indicates the FFT spectrum of
Uiz, Ak, BAEBO LS 72, M O% integrated TF-uSR spectra in the corner (00, 02, 06, and 08) areas. The
AN RHDE DDA A — 2 T HEARDHKE  blue open circle indicates the one in the cross (01, 03, 04, 05, and 07)
e RAFELE LIz, areas.
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Laser spectroscopy at KISS
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2T 5720, BMEEF AT R INEESI e o & — I n SRR A By B2 KISS(KEK Isotope
separation system) z &% & L 72[1,2,3], Z#LE THMEBEIEEN = 1263014535 K OZBUIEER D ik -1t 5
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2. B

L— P — 5 MBI X0 HIE S5 B AAER  (Hyper fine structure : HFS) A7 kL % fif
952 &T, RIEEmEN S TIURTFEOBBRE— AV ML OENARY 7 b & BEERET
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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. 1 A schematic drawing of B-y
coincidence measurement setup
with a clover detector and P
detectors.
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Fig. 2 A plastic scintillator for

B-particle detection.
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Fig. 3 B-y coincidence spectrum in the decay of 1>’Nd.
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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. 3. Neutron in-beam Mgssbauer spectrum
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with the layout in Fig. 2.
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Fig. 5. Neutron in-beam Mdssbauer spectra of
stainless steel at room temperature in an
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a neutron collimator in this study.
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Fig. 6. Prompt y-ray spectrum of the stainless-steel.
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