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Normal-State Specific Heat Measurements in BaFe2(As1-xPx)2
Moir, C.; Shekhter, A.; Boebinger, G.; Riggs, S.C. (FSU, Physics.); Chu, J.-H.; Walmsely, P. and Fisher, I.R. (Stanford University, Applied Physics)
Introduction
Experimental evidence of a quasiparticle mass divergence, a sign of quantum criticality, has been found in the cuprates and pnictides, both unconventional high temperature superconductors whose phase diagrams share similar features [1,2,3,4]. Without a clear mechanism for how superconductivity develops in these materials, understanding the electronic state underlying superconductivity is key, including the presence of a quantum critical point near optimal Tc and how the symmetry of the superconducting gap evolves with doping and magnetic field. In the pnictide superconductor, BaFe2(As1-xPx)2 , measurements of the jump in specific heat at Tc, quantum oscillations, and penetration depths have shown strong support for a mass divergence going from the parent material BaFe2P2 to optimal doping (x = 0.31) [2,3,4]. However, the effective mass calculations from these measurements are model dependent and necessitate assumptions about scattering, coupling strengths, and superconducting fluctuations near the superconducting transition [2,3,5].  

Results and Discussion

We successfully measured the specific heat for four dopings of BaFe2(As1-xPx)2 up to 35T. The results for two dopings, x = 0.36 and x = 0.44 are shown in the figure. Both dopings show saturation of the specific heat at fields corresponding to the resistive onset, which can thus now be defined as the true thermodynamic upper critical field, Hc2 [7]. The data also show that once the superconducting gap is destroyed, and the resulting normal state has been reached, the electronic specific heat is nearly constant in applied magnetic field. A constant value of specific heat with magnetic field suggests, somewhat surprisingly, ordinary Fermi liquid behavior in the normal state.
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 The specific heat for dopings x =0.31 and x =0.60 were also measured up to 35T, but Hc2 for x =0.31 is higher than 35T for temperatures above 4K, making it difficult to reach Hc2 in our current experimental set-up. The very overdoped x = 0.6 sample has a low Tc of 10K, meaning the superconducting anomaly appears in the zero-field data and determining ΔC/T becomes a more complicated process than a simple subtraction. It is, therefore, ideal to measure samples with 0.36 < x < 0.55 where both the superconducting state and normal state specific heat values involved in the data analysis subtraction are directly measured without the need for complex model assumptions. 
Conclusions and Future Work
Our results to date provide an important starting point for answering the physical questions discussed above. Because our analysis does not depend on a specific model, a thorough doping dependence of the specific heat will provide a check against model dependent results. Therefore, it is crucial to measure additional samples in this doping range, specifically x = 0.42, 0.46, 0.49, and 0.53. 
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Fig.1 (Unpublished) Specific heat data as a function of applied magnetic field for different fixed temperatures in BaFe2(As1-xPx)2,  a. x = 0.36 and b. x = 0.44. For both dopings the electronic specific heat saturates above the magnetic field induced resistive onset [7]. Saturation indicates that the superconducting gap has been destroyed and the normal state behavior is Fermi liquid like.  ΔC/T for x = 0.36 is  ~18 mJ/molK2 and for x = 0.44 is ~ 23 mJ/molK2. Panels (c., d.) illustrate that the sqrt(H)� QUOTE � �� behavior of a d-wave superconductor exists over a limited field range in these samples.








