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Magnetism and superconductivity

» Research area
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Heavy fermion systems

Af and 57 electron based systems with strong correlations -= large m*= 100-1000 me
-= solid state physics with small T = 10-100K
Large effect of T, H, P x -= New effects |

Multipolar order

Quantum criticality Unconventional SC
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1-1-5 gold mine

Ce 1-1-5 compounds realize unique case of Ty = T

| interplay AFM / SC can be tuned by P, H, x
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CeColn:

heavy fermion superconductor with highest transition temperature T.=2.3 K
in absence of SC : y = 1000 mJ /molK?
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CeColns : magnetic field effects

Antiferromagnetic order induced by magnetic field (applied in plane)

incommensurate magnetic ordering k=(0.44, 0.44, 0.5) and m//c
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disappears at H_, : cooperative effect between magnetism and SC
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Spin resonance In CeColn:

Inelastic Neutron Scattering experiment

well defined magnetic excitation appearing below T, at wave-vector (1/2, 1/2, 1/2)
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Spin resonance in other unconventional SC

Discovered in Y Ba,Cus0g,, Fe superconductor
by J. Rossat-Mignod et al. (1991) BaFe, gsCog 15A5,
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- resonance appears below T,
- at the wave-vector kforwhich A{Q+K) = -A(Q)
- with the energy (3 . =06 A
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Resonance in CeColn;

-Study as afunction of H 1 - relation with field induced AF ?
2 - lifting of degeneracy 7
-= [nsight into nature of this excitation and on superconductivity

Thickness 0.1 mm

[1,0,0]
)

[0,-1,0]
Il

Cold neutron TAS IN14 and IMN12 (ILL, Grenoble)

Typical assembly of = 50 samples
Total volume = 100 mm?3
Mosaicity = 1 degree

Flux method : G. Lapertot
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CeColn: under H : polarized INS

Folarized neutron scattering in horizontal magnetic field (R [/ Q11 Fy)

Initial beam is polarized (Fy) and the final polarization is not analyzed
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Usual correlation function Chiral contribution
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We measure F £ PG,

1- information of degeneracy of excitation

2- information on polanzation of excitation
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Demonstrative experiment

Example spin chain / ladder Sry,Cu,,0,4 under H (Lorenzo et al., PRE 75 (2007) 054418)

Singlet — Triplet energy gap splitted by the magnetic field
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CeColn: under H : polarized INS
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|-1+ 15 symmetric around Q(H=0) . Zeeman splitting under H
Folarization of fluctuations is more complicated than a simple spin precession around H

Zeeman splitting not so trivial for superconducting resonance : at least a doublet.
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CeColn: under H : polarized INS

Fesult consistent with previous unpolarized neutron experiment (peak position, global intensities)

“[osiRis, E=lBdmeV, | '.,{ e
T=0.1K LY v o
‘ A M= T . E | l H’{ H=?
= 1| Iﬂ ] i 1"'{,i L I'=Himk
LA LS S
Y 2 ¢ Q=RNEEAM g
B LN
C. Stocketal, PRL109 (2012) 167207 =2 |h ' ! B3 I
| | l[ | . Energyime'
. A il i':! g

MNew information . complex polarization pattern

MNeed to understand this complexity : - role of crystal field anisotropy (here H//[1,1,1])
- role of electronic continuum above resonance under H
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Chemical subsitution on CeColn:

S A CeGolin, Cd,)

i4
12 -
CeColns is very close to quantum critical point 10 B

Eﬂ
B g

- Mon Fermi liguid behaviour in bulk measurments
- Magnetic ordering for low substitution.
- Ty = Te ; commensurate k=(1/2, 1/2 1/2)

T{K)

Mair, PNAS 2010
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Ce, Nd Coln:

Nd substitution : rare experimental casewith T,, = T_
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Ce, Nd Coln:

MNeutron diffraction results (IN12)
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Incommensurate order with k=(0.45, 045, 0.5) isfound Il M=10.1 pg

Important remark : for isotropic SC, magnetic order is not possible below T,
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Ce, Nd Coln:

Up to now, this incommensurate order was found only under H (in CeColng)

Froposed theoretical models

|_ NP CaColn, |
5 " Q—plus? "h.... ' - multicomponent order parameter
i ol & ""'..,. . , (SDW and SC with g#0: FFLO, PDW, 1T-triplet)
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- role of the vortex lattice (sukuki 2011)
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LS o e i S
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T . ! :
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T (K] . -
- enhancement of nesting by superconductivity
n/a (Kato 2011)
Without H (« no escape »), possible scenario is 0

Enhancement of nesting condition by d-wave SC
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CeColn; under H
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Discussion and perspectives
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CeColn: under H : soft mode theory
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CeColn: under H : soft mode theory

Such scenario may occur in La, g:-Sr;,,:CuQ,
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J.Chang etal., Phys. Rev. Lett. 102 (2009) 177006
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Conclusion

Folarized neutron experiment under H

Reveals new features of spin resonance Magnetic order inside SC phase
At least 2 modes ... ... -
a0k EE 1.5-pir
200, 'E L7 - In
kE Uty pa il U0l \'il
v E LW L () = (055, 0,55, 0.5) -_i_i_!_-
ZE L 1] 1!:4- 1] 1.z

TiK}

-= question of mechanism

d-wave SC stimulated ?

Energy (meV)
Relationship between excitation and magnetic orderto be addressed

Many microscopic data to help understanding unconventional superconductivity ...
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