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1. Outline of TDPAC

(Time-Differential Perturbed Angular Correlation)

2. TDPAC experiments at KURRI
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· Ferroelectric phase transition of LiTaO3

· Local magnetic fields in the Mo layer of Mo/Fe multilayer
· Hopping motion of Ce in graphite
· Hyperfine fields in a protein, mavicyanin
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a method for producing a nuclear spin alignment: 

P (m ) ≠ P (m ’ ) , P (m ) = P (-m )

Angular correlation of γ rays for the case of  0 → 1 → 0
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TDPAC for the case of a uniform static magnetic field 
perpendicular to the detector plane
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Interaction Hamiltonian
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TDPAC for polycrystals

Attenuation factor for static interactions
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magnetic dipole interaction electric quadrupole interaction

η = (Vxx – Vyy)/Vzz
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電場勾配: |Vzz| ≥ |Vyy| ≥ |Vxx|

非対称パラメター: η =
Vxx - Vyy

Vzz

電場勾配

I = 3/2

I = 5/2

ω1 ω2 ω3

ω3
ω1

ω2

ω

ω
P(ω)

P(ω)

0

0
η

η0 1

10

γ1

γ2

γ1

γ2

±3/2

±1/2

±1/2

±3/2

±5/2
η= 0の場合

Outline of TDPAC



111Cd(←111In) in α-Fe2O3 at 987 K
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β

Characteristics of TDPAC probes
Intermediate state

I π mean life(ns) μ(nm) Q (b)
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検出器

検出器
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実験で得られる時間スペクトル

Δt : 時間スペクトル1チャンネルあたりの時間

αi : γiの放出確率

Ωi : 立体角

εi : γiの検出効率

N : 単位時間に崩壊する核の数 偶然同時計数

真の同時計数

N2 α1α2ε1ε2Ω1Ω2Δt
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時間スペクトルの例

チャンネル数0 8192

111Cd(←111mCd) in Cd oxalate

Log 117In(←117Cd) in Cd oxalate
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Ferroelectric paraelectric

ferroelectric LiTaO3 (TC = 938 K) Li+
Ta5+

O2-

ilmenite(FeTiO3)-related structure

R3c (T < TC) R3c (T < TC)
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O
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( LiNbO3: TC = 1483 K)

Ferroelectric phase transition of LiTaO3



preparation of samples

116CdO powder (96.5 at.%)

neutron irradiation

heated  in air

110CdO powder (96 at.%)

117CdO (116CdO)
111mCdO (110CdO)

mixed with Li2CO3，Ta2O5

pressed into pellet

LiTaO3 (117Cd(111mCd))
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Temperature dependences of Vzz (lattice) at

Li+

O2-

Paraelectric phase

117In, 111Cd,  and 7Li in LiTaO3
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Local magnetic fields in the Mo layer 

TDPAC probe： 99Mo → 99Tc

of Mo/Fe multilayer

Fe moments

99Mo42

99Tc43

β-

γ1: 740 keV

γ2: 181 keV

β-

t1/2=3.6 ns
I π= 5/2+

μ = +3.3μN



TDPAC spectra of 99Tc(←99Mo)
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Using the TDPAC data, α was determined to be about 2.      RKKY interactions
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Mo layer thickness [nm]
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magnetic profile  m(x ) from 
one of the two Mo/Fe interfaces 
due to the spin polarization of 
the conduction electrons

For  Mo(110)/Fe(110)
Λ ≈ 1.2 nm φ = 0 or π

M(x) = m(x) + m(D − x),   

m(x) ∝ x − α sin(2πx/Λ + φ) 

x : distance from the interface;
D : Mo layer thickness;   φ : initial phase
α : parameter; Λ : oscillation period

of interlayer coupling (AFM→FM→AFM)



Diamond

HOPG (Highly Oriented 
Pyrolytic Graphite)

TDPAC of 140Ce(←140La←140Ba←140Cs)

Hopping motion of Ce in graphite 

140Ce



Fission fragments produced in the target chamber are 
transported to the ion source by gas-jet composed of He-N2
mixed gas and PbI2 aerosol.

KUR-ISOL



TDPAC of 140Ce

Graphite（HOPG)
dynamic perturbation（Ce3+）

Diamond
static perturbation（Ce4+）
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Mavicyanin: a protein having a molecular weight of 
about 10,000, contained in zucchini

Cu atom at the active site

TDPAC of 117In(←117Cd) 
substituted for Cu
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