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Outline

|. Introduction to actinide material
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La Ce Pr Nd Pm Sm
Ac Th Pa U Np Pu

Six Distinct Solid-State Phases of PIutonlum Los Alamos Science 26 (2000)

Body-centered orthorhomblc

8 atoms per unit cell Face-centered cubic,

4 atoms per unit cell

Body-centered monoclinic, ﬁ gtgitlg rﬁgngg;egnﬁugéﬁ

a0 o0 H o tpcp

wontraction on melting

-
—
—
—
—
—
—
-
—

/L

Monocllnlc 16 atoms

per unit cell Anomalous Thermal Expansion and Phase

Instability of Plutonium

Pure Al

|
400

Temperature (°C)

Structural Transition in Pu metal




1979

1990

2001

2002

T

f-electron Heavy Fermion superconductofs

an 8,2012 Beii'gg-l

compound Tc (K) Ce/ T (IMJ/K2mol) |Tm (K)
CeCu2Si> 0.6 ~ 1000

UPt3 0.45, 0.55 500 5 (fluctuating)
UBeis 0.9 1000

U2PtC- 1.5 75

URu2Si> 1.4 60 17.5
UPd:Al3 2.0 145 14.3
UNi2Al3 1.0 300 4

Celns, CePd2Si2, CeRh2Si2 : pressure-induced

CeColns 2.3 500

CeRhins : pressure-induced

Celrins 0.4 500
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Sample Preparation

Starting material (available amount)
Th (kg), U (kg), NpO2 (10 g), 2Pu (10 g), 2#?PuO; (| g)

Purification of starting material
Th, U :solid state electrotransport
Np :amalgamation process
Pu :coupled-reduction technique

- Crystal growth technique




mini vacuum chamber for Transuranium measurement

RuO;
resistor

0.6 mm

specific heat setup
semi quantitative ac-method

metallic container (Al or Bs) (15 x 15 x 15 mm?3)

indium-sealed (no superleak)

electrical feed through
fits in DR and 15 T magnet with rotator
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Actinide single crystals

Aoki, Homma, Matsuda, lkeda, Haga et al. 2003-201 1

‘superclean’ (4 ThCu,Ge,
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NpPdsAl;

PuRhGas

-
£
S

G
3

S

e

b=

=

9
wn
o)

1 d

NpPdsAl, |
J 1/ [100)

10

o first Np-HFSC

® structural similarity with Pu-1 |5 structure

D. Aoki et al., J. Phys. Soc. Jpn. 76 (2007) 063701.
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Anisotropy in Magnetism and Superconductivity
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XY-type anisotropy - .
3.22 ps/Np for [100] Hc2 suppressed for magnetic easy axis

(3.62 ps/Np for Np#+, 2.68 for Np3+) Pauli-limiting --- singlet pairing suggested
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HFSC without 1st order transition at Hc2 : CeRuz2, UPd2Al3, UPt3, UBei13

CeRu2 : s-wave UPd2Als : d-wave
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HFSC with 1st order transition at Hec2 : NpPdsAl2, CeColns, URuU2Si2
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Equilibrium magnetization :1st order transition at H.:
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Meq=(M++M-)/2 norm=X1H+X3H3
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Singlet pairing & nodes on
superconducting gap

T (K)

H. Chudo et al., JPSJ (2008)
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Magnetic Torque around [001] axis
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low-T C,(T) anomaly
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23’Np nuclear Schottky ?
—200-300T internal field !
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sudden recovery of Heavy Fermion above Hc

NpPdsAl, + addenda
Tbath =UiK
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NpPdsAl> : Heavy Fermion superconductor

tetragonal ZrNi2Als-type
Tc —_ 49 K
C(Tc)/T =200 md/K2mol, AC/yT. = 2.23
Pauli-limited critical field
1st order transition at Hco
Curie-Weiss law in normal state Np3+ or Np4+
- vanishes in the superconducting state ...
- huge heavy fermion spin susceptibility (> 80 % of bulk y)

How about other heavy Fermion superconductors
- UPd2Al3 ~ 10 % of bulk y contribute to SC : NMR, uSR

g% s A -.«.,: e
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unit cell volume : localized ? itinerant ?
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Ce Pr NdSmGdLu ThPa U NpPu Ce PrN&®SmGdLu  ThPa UNpPu

LnPdsAl follow the Ln3* line except for Ce
AnPdsAly : An# for Th, U. Np-Pu- approach to trivalent : consistent with y(7)

Y. Haga et al. (2008), J-C. Griveau et al., (2008), R.A. Ribeiro et al., (2009)
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UPdsAl: : Uniaxial magnetic anisotropy NpPdsAl: : XY-type
C-W law above 50 K, CEF-singlet ? (5f2) as in PrPdsAl: (4f2)
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PuPdsAl; : Antiferromagnetic at 5 K Gofryk (2008)

consistent with Pu3*
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Summary
NpPdsAl; : first-order transition at He
magnetic susceptibility and electronic specific heat
suppressed below H
large electronic entropy remains at low
temperatures. 23’Np nuclear contribution ?

, UPdsAl, : CEF-singlet ground state : U4 suggested
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