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Novel phases near QCPs

* High-T, superconductivity in cuprates
(G. Bednorz, K.A. Mtller '86)
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Non-Fermi-liquid superconductor: CePd,Si,
[N.D. Mathur et al., Nature 394, 39 (1998)]
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« SC mediated by strong
spinfluctuations ?

cf. K. Miyake et al.,

Phys. Rev. B 34, 6554 (1986).
D.J. Scalapino et al.,

Phys. Rev. B 34, 8190 (1986).



Spin gap in superconducting CeCu,SlI,

[O. Stockert et al.,
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S-type CeCu,Si,

Spin excitation gap below T,

at hw, = 0.2 meV
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x" (arb. units)

T-dependence of spin excitations
[O. Stockert et al., Nature Phys. 7, 119 (2011)]
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Quantum critical spin fluctuations in CeCu,SlI,
[J. Arndt et al. (to be published)]

3D-SDW QCP (HMM) scenario:
Ap~TLS,  y=vy,—bT03 (P. Gegenwart et al. ‘98)

I (Qap) ~ % (Qap)t ~ T32 [ (Qap) T (Qap) = const. for param. HF metals (Y. Kuramoto ’87) ]

x' T2 = f (ho/(kgT)%?)

% (Qap)™ = ¢y +c, T
I (Qap): dto
a=157+0.08
a=138+0.16
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g-dependence of spin excitations
[O. Stockert et al., Nature Phys. 7, 119 (2011)]
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paramagnon velocity, vp

Wp=VpQg; Q=Qx g
Vp = (4.44 + 0.86) meVA [(670 + 130) m/s]

averaged Fermi velocity, v¢

ve =57 meVA [8600 m/s]
[Rauchschwalbe et al. '82]

@ Vp!/ V£ = 8 % (retarded interaction)

Vpn = (6.9 £0.2) meVA

(J. Arndt et al., to be published)



T - B phase diagram of YbRh,(Si,, Ge,)
[J. Custers et al., Nature 424, 524 (2003)]
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Crossed-field Hall-effect results
[S. Friedemann et al., PNAS 107, 14547 (2010)]
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Limiting values of the Hall and MR crossover
[S. Friedemann et al., PNAS 107, 14547 (2010)]
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Fermi surface collapse
[S. Friedemann et al., PNAS 107, 14547 (2010)]
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Global phase diagram
[S. Friedemann et al., Nature Phys. 5, 465 (2009)]
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Interplay between superconductivity and

guantum criticality
CeCu,Si, (p =0)
* 3D SDW QCP (,conventional QCP*)

» d-wave SC due to SDW fluctuations

SDW order in other NFL superconductors, e.g., CePd,Si, ?
YbRh,Si,

» coinciding AF & Kondo-breakdown QCPs
(,unconventional QCP*)

*no SC (T 2 10 mK)
Why?

e fm correlations?

» unconventional QCP?
cf. CeRhIng under pressure [Shishido et al. (2005); Park et al. (2006)]

T, <10 mK ?

Cooperation with E. Schuberth (WMI, TUM)

(ac-susc., dc-magn., spec. heat, T > 1 mK)
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