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   Summary of thesis:  Theoretical Study on the High-Field 

Superconducting Order of CeCoIn5   

                     Ken-ichi Hosoya    

 

Much attention have been focused on the heavy fermion superconductor 

CeCoIn5 since the discovery of its high field and low temperature (HFLT) 

superconducting (SC) phase. The observations of NMR measurements and 

the doping effects are consistent with the presence of a spatially modulated 

Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) vortex lattice state in this phase. 

On the other hand, neutron scattering measurements in H // ab have revealed 

the existence of an antiferromagnetic (AFM) order with its staggered moment 

vector oriented along the c axis only inside the HFLT phase. This is quite a 

strange event because conventional theories in zero field suggest that the 

AFM order is suppressed by a nonvanishing value of the SC excitation gap. 

But these properties are comprehensively understood by the scenario that the 

AFM order observed inside the HFLT phase is induced by strong 

paramagnetic pair-breaking (PPB) effect with the d-wave SC order and 

stabilized by the FFLO modulation. 

However, the HFLT phase has attracted much attention due to consecutive 

discoveries of strange phenomena. For example, recent NMR data have 

shown that, with tilting the field direction from the a-b plane, the 

nonmagnetic FFLO phase appears just below Hc2(T). The data have also 

revealed that, in a field tilted from the a-b plane, the AFM order appears only 

in the FFLO nodal area, while in H // ab case the AFM order favors the spatial 

region with a nonvanishing SC order parameter. To understand these 

phenomena, a theoretical approach is needed. 

In addition, recent thermal conductivity data indicate the presence of a Π

-triplet SC order in the HFLT phase. In rotating the magnetic field direction 

through [100] within the a-b plane, the thermal conductivity discontinuously 

changes with the sudden flip of the AFM Q-vector. This suggests the presence 

of an additional SC (i.e. Π-triplet SC) gap node determined by the AFM Q -

vector. However, the picture of the coexistence of the FFLO order andΠ-

triplet SC order based on the strong PPB is unexplored so far. 

In this thesis, we investigate the angular dependence of the HFLT phase 

(Chapter 2) and the Π-triplet SC order in the HFLT phase (Chapter 3). 

In Chapter 2, to simplify theoretical analysis, we have used two kinds of 



approaches separately to examine the angular dependences. One is based on 

deriving the Ginzburg-Landau (GL) mean field free energy, which takes a 

form of an expansion in the SC order parameter but fully includes both the 

paramagnetic and orbital pairbreaking effects. In this approach, we use an 

electronic Hamiltonian for a uniaxial Q2D model superconductor. The other 

is the Pauli-limited model based on a tight-binding electronic Hamiltonian in 

which the resulting SC free energy fully includes the SC order parameter, 

while the orbital pair breaking effects are neglected. In this approach, the SC 

order parameter is assumed to be homogeneous in the plane perpendicular to 

the field. Using these approaches, it is found that the phase diagrams we 

obtain in the tilted field configurations become consistent with the 

experimentally observed one. 

In Chapter 3, by developing the Pauli-limited model used in Chapter 2, we 

investigate a possible Π-triplet SC order in the HFLT phase of CeCoIn5 

based on the strong PPB. We point out that the possible Π-triplet order 

unaffects the PPB-based picture on the HFLT phase constructed previously 

and is consistent with the thermal conductivity measurements. In addition, 

we confirm that inclusion of the Π-triplet order improves the resulting phase 

diagram obtained in the previous work. 




