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Nematicity and quantum criticality
in CeRhins probed by dilatometry
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Outline
CeRhins in high fields: putative XY nematic. PFSR et al, Phys. Rev. Lett. 122, 016402 (2019).
CeRhins at high pressures: superconductivity around an unconventional QCP
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Underlying theme this week: local physics
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Leslie Schoop, Pencheng Dai,

Tom Deveraux, Ming Yi, ... Yong Baek Kim,... Kate Ross...
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0utstandinﬂ Huestions

CeRhlins: an unconventional
superconductor with a
putative XY nematic state

Q1: What is the origin of the putative Q2: What is the universality class of the

heavy-fermion nematic phase in CeRhins? unconventional QCP in CeRhIns?
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Ce3+4/1 L=3 S=1/2 Local magnetic moments Kondo lattice
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P. F. S. Rosa et al, Phys. Rev. B 92, 134421 (2015).
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P. G. Pagliuso et al, Physica B 312, 129 (2002).

J. H. Shim, K. Haule, G. Kotliar, Science 318, 1615 (2007).
K. Haule, C.-H. See, and K. Kim. Phys. Rev. B, 81, 195107 (2010).

Linearly polarized x-ray absorption
spectroscopy (b) a>0 ¢
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eRhins in hig  field

What else do we know?

* At B* ~ 30 T, a large in-plane anisotropy emerges Iin transport;
* Magnetic fields also destabilize Tn; . * XY nematic scenario: lower symmetry of the electronic system
| g compared to the lattice.
* At B* ~ 30 T, the Fermi surface changes; a
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i high fielc

Optical dilatometry
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* Small a-axis expansion and small c-axis contraction at H*

* No hysteresis is found
* Magnetostriction qguantum oscillations

* B*is a (nematic) crossover
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—o— T, H Ref. [6 -
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—A— H* 20° off c-axis Ref. [4] ‘O> :F7 — ‘OCH 1 5/2> ‘ 1 3/2
—©— H* 20° off c-axis This work L L
3 - —0—H . 20° off c-axis This work o = —0.62; ) 5 o 078
CeMing @ +
Vi=Co,Rh, Ir <. 1) =I'7 =B £5/2) + |a|[ £ 3/2) =
? - M. W. Haverkort et al, Phys. Rev. B. 85, 165113 (2012)
I_ Thanks to Martin Sundermann & Andrea Severing!
1+ H = HC'EF T Hchm.an.
© Fluctuating 0 0 A
) 0 Nematic +AFM g'[CEF — 2 B»y0, ; + B4004.i+B4404,i
0 10 20 30 40 50 se ]
H (T)
* Enhancement of the in-plane hybridization 15—  CeRhins
> Severing 2018
* Similar to Sn-doped CeRhlins E 0d 77 e
K. Chen et al, Phys. Rev. B. 97, 045134 (2018) g ----------------------------------
* Intuitively related to the large Fermi surface above H* all
*+ Nematic behavior is of electronic origin, but is driven T —
by anisotropic hybridization between 4f and conduction electrons e I _
* In agreement with recent NMR measurements too! | | | —
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T. Helm et al, arXiv:1902.00970 (2019)
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A Takeuchi et al., JPSJ 70, 877 (2000). CeRhIn5
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Take-home messages

The Strongly Correlated Electron Team
is (always) looking for postdocs!

pfsrosa@lanl.gov

Crystal-field wavefunctions
(local physics) can tell you a lot
about a correlated system

Nematicity in f-based materials is driven by
magnetic fluctuations, similar to iron-based
superconductors and cuprates

Thank you for your attention!
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