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Thermal expansion measurements of CeRhIn5 under high pressures
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Introduction 

Unconventional superconductivity can be often driven in the phase diagram of antiferromagnetic (AFM) systems when the Néel temperature (TN) extrapolates to T = 0, i.e., to a quantum critical point (QCP), as a function of chemical substitution and/or applied pressure. In particular, CeRhIn5 is a member of the heavy-fermion family CeMIn5 (M = Co, Rh, Ir) and displays AFM order at TN = 3.8 K at ambient pressure. Pressurizing CeRhIn5 suppresses TN and a superconducting dome emerges around its QCP at Pc2 = 2.35 GPa [1]. Thermal expansion (α) measurements under pressure will be key to obtaining a quantitative measure of the quantum critical scaling via the determination of the Grüneisen ratio (Γ ~ α/C, where C is the known heat capacity). 
Experimental 

The 20T system at Los Alamos was used for the experiments in this report.  This experiment involved the development of a new capability, and therefore we started by measuring CeRhIn5 using the Fiber Bragg Grating (FBG) technique at zero field. We obtained for the first time the a-axis thermal expansion of CeRhIn5 under hydrostatic pressures to 2 GPa and in 3He temperatures. 
Results and Discussion


Figure 1a shows a picture of the setup containing two FBG sensors and a long piece of lead (manometer). One FBG sensor contains CeRhIn5 and the other one acts as a reference (no sample). The evolution of the FBG sensors as a function of applied pressure at room temperature is shown in Figure 1b. Figures 3c and 3d show the a-axis ΔL/L as a function of temperature at 0.5 GPa and 2 GPa, respectively. Anomalies at TN = 3.9 K and Tc = 2K mark the onset of the antiferromagnetic and superconducting states, respectively, and agree with the well-known phase diagram of CeRhIn5 under pressure. 
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Conclusions
We have implemented an optical technique for measuring thermal expansion and magnetostriction at cryogenic temperatures and under applied pressures to 2 GPa.  We demonstrate this optical approach in an a-axis sample of CeRhIn5, a heavy-fermion superconductor under applied pressure. Our results show the possibility of performing high-resolution thermal expansion measurements under pressure and open new possibilities for a broad range of materials.  A detailed description of this technique can be found in Ref. [], and an overview of recent magnetostriction measurements using FBG sensors can be found in []. 
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Figure � SEQ Figure \* ARABIC �1�. a) Picture of the optical setup under pressure. b) Spectra of two FBG sensors at room-temperature as a function of applied pressure. c) dL/L vs T for CeRhIn5 at 0.5 GPa. Inset shows the linear thermal expansion coefficient, α (T). d) dL/L vs T for CeRhIn5 at 2 GPa. Inset shows the linear thermal expansion coefficient, α (T).








