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Normal-State Specific Heat Measurements in BaFe2(As1-xPx)2
Moir, C.; Riggs, S.C.; Galvis, J.A.; Gallo-Giraldo, P.; Lian, X.; Shekhter, A.; Boebinger, G. (NHMFL & FSU, Physics.); Chu, J.-H.; Walmsely, P. and Fisher, I.R. (Stanford University, Applied Physics)
Introduction 

Experimental evidence of a quasiparticle mass divergence as a sign of quantum criticality, has been found in the cuprates and pnictides, both unconventional high temperature superconductors with similar phase diagrams [1,2,3,4]. Without a clear mechanism for how superconductivity develops in these materials, understanding the electronic state underlying superconductivity; such as the presence of a quantum critical point near optimal Tc and how the symmetry of the superconducting gap evolves with doping and magnetic field, is key. In the pnictide 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]. This work builds on preliminary data taken at the NHMFL in 2015 by this group.
Experimental 

A new probe was designed for specific heat measurements in the 35T resistive magnet and  the top loading cryostat VTI system in Cell 12 at the Tallahassee NHMFL and was successfully used to take the data in this experiment. 
Results and Discussion
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We successfully measured the specific heat ass a function of magnetic field, up to 35T, for seven dopings of BaFe2(As1-xPx)2 , x = 0.31, 0.36, 0.44, 0.46, 0.52, 0.53, 0.6. Saturation and √H behavior  of the specific heat was observed for 0.44 ≤ x ≤ 0.6 and is shown in Fig 1. New analysis based on Volovik phenomenology [6], enables the extraction of the normal state density of states corresponding only to superconducting quasiparticles from  the electronic specific heat. We observe an enhancement of the normal state density of states, and therefore quasiparticle mass, as doping decreases towards optimal doping at x = 0.31. A doping dependent zero-field, zero-temperature specific heat was also observed and while the origin of this specific heat component is as of yet unknown, our model independent analysis allows for a better informed discussion of its source. 
Conclusions

Not only do our results show that a metallic normal state exists in overdoped  BaFe2(As1-xPx)2 over a broad doping range, but they also provide a method by which more detailed information can be extracted from specific heat data.
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Fig.1 a. Tc as a function of doping with colored lines representing four of the dopings measured in this work. b. The change in C/T, from γextrap of BaFe2(As1-xPx)2 at low temperatures. Lines indicate √H behavior and saturation at γH which decreases with increasing doping. c. Zero field C/T as a function of T2 in the low temperature regime. Grey lines indicate best agreement to γ + βT2, the extrapolation of which defines γbg. d. Doping dependence of γH. e. Doping dependence of γbg.









