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Magnetism & Superconductivity
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Number of heavy fermion superconductors (f-electron system)
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Pfleiderer , Rev. Mod. Phys.

Heavy fermion superconductors of uranium compounds

Material Te (K) Year of discovery  Number of publication
UPts 0.54 1984 1166
UBeia 0.9 1984 382
URu2Siz 1.5 1986 629
UPd2Al3 1.9 1991 452
UNizAl 1.0 1991 94
UGe: 0.7 2000 245
URhGe 0.25 2001 75
Ulr 0.33 2004 22
UCoGe 0.6 2007 16

Transuranium compounds
PuCoGa5, PuRhGab,
NpPd5AI2, PuColn5,

PuRhIn5

ISI web of science (2009)




Early study in 1980s’
Competitive phenomena: FM & SC
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Coexistence of FM and SC in uranium compounds

UGe;

60

(a)
UG62 i

q
[ ®
2 TCurie

401
< 301

TCP

201 ... FM1

Sy -
5x TSC \‘\CEP

FM2
N\
0 |

L
0 0.5

10+

PM ]
1.0 p_ \1.5 p. 20
P (GPa)

SC
Saxena et al. Nature 406 (2000) 587

1.0

URhGe

15

b 4 URhGe -:10 =

P (GPa)

D. Aoki et al. Nature 413 (2001) 613.
F. Hardy et al. Physica B (2005)
A. Miyake et al. JPSJ (2009)

0 0.5

UCoGe

FM+SC i SC
]

(S ! !
1.0 1.5 2.0 2.5
P (GPa)

N.T. Huy et al.: PRL 99 (2007) 067006.
E. Hassinger et al. JPSJ (2008)

Tcurie 52 K 95K 3 K
Tsc 0.8K 0.25K 0.6 K
Y (mJKemol) 30 160 25
Mo 1.5 ug 0.4 us 0.05 s

small ordered moment (cf. free ion ~3.6 us for 52 or 53)
» weak ferromagnets (5f-itinerant)
e strong Ising anisotropy




orthorhombic structure

space group: Cmmm

space group: Pnma

Y (m o
I C
UGe, URhGe, UCoGe
S Ziszag chain = No inversion symmetry (local)

Inversion symmetry (global)
Parity mixing & Strong spin-orbit interaction




ngh quallty smgle crystals are essential

o e UGey: high quality easily available (RRR> 300)
15| UCoGe URhGe, UCoGe: very difficult (usually RRR=3—10)
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FM-Quantum Critical Endpoint of UGe>
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Re-entrant superconductivity and
spin reorientation in URhGe
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Very anisotropic Hee of UC0oGe
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H (T)

“Re-entrant” SC in ferromagnetic
superconductors, UGez, UCoGe, URhGe
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SC Is reinforced by ferromagnetic insta
Spin-triplet state with equal spin

D. Aoki et al.: JPSJ (2009)
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History of Tc and Hco

' URhGe
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For high Tc
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historical view
Field-induced superconductivity in other materials

Chevrel phase compound 100 | | | |
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. . 17
Jaccarino-Peter effect (compensation of the
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B 1s applied 1n plane (no orbital limit)
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historical view

Field-induced superconductivity in other materials

Chevrel phase compound 100

O
o

/URhGe
o idaiy)
=N

o
n

Moment (

o
o

—
2
[~
=-
;=
T
S
c

90

F1 HoH (Tesla) F. Levy et al. Nature Phys (2007)

NOT Jaccarino-Peter effect

14T
17 T

L19 T

|
-2 0 2

Re-entrant superconductivity appears only when
B 1s applied 1n plane (no orbital limit)

8 (degrees)

17



Why field-reinforced SC appears?

For H // hard-mag. axis
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Similarity of the phase diagram
AF-Quantum Critical Point
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Our crude model

Enhancement of m* stabilizes SC
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Magnetization (u_/ f.u.)
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H.Yamagami

UCoGe
Mo = 0.05 UB

Differences

M. Samsel-Czekala et al. JPCM (2010)

heavy, but low carrier numbers

Similar to URu»S1z, maybe...
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Em
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Fermi surface reconstruction in URusSi-
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Low carrier system
Fermi surface reconstruction by spin polarization
1  Lifshitz transition
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Quantum oscillations in UCoGe
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SdH experlments at high field in UCoGe
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SdH Frequency (kT)

Field dependence of Freq. and m*
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A / A(H=0)
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Anisotropic field dependence of m*
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SUMMARY
FM-QCEP in UGe;

* Field reinforced SC for H // hard-mag axis (URhGe, UCoGe)
» Suppression of huge He with P in UCoGe

* FM fluctuations—feedback to Fermi surface instabilities in UCoGe
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