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   Summary of thesis: NMR studies on superlattices consisting of 

heavy fermion CeCoIn5 and conventional metal YbCoIn5  

                  Takayoshi Yamanaka 

 

In this thesis, we report nuclear magnetic resonance (NMR) studies on 

heavy fermion (HF) superlattices CeCoIn5/YbCoIn5. A superlattice is a 

multilayered structure of two or more materials and is expected to show 

various effects arising from two dimensionalization, its interface, proximity 

effect, and so on.  

HF compounds are characterized by the strongly enhanced effective 

mass of itinerant electrons due to the hybridization between localized f 

-electron and conduction bands at low temperatures. As a result of the 

duality between itinerant and localized characters of f -electrons, various 

fascinating phenomena including unconventional superconductivity have 

been discovered. CeCoIn5 is one of the HF superconductors (SCs) and has the 

transition temperature Tc = 2.3 K, which is the highest temperature among 

HF SCs. CeCoIn5 is located at the vicinity of antiferromagnetic (AFM) 

quantum critical point (QCP) and it is believed that the superconductivity is 

mediated by AFM fluctuations. In contrast, YbCoIn5 is a conventional and 

non-magnetic metal, which does not show superconductivity down to low 

temperatures.  

Recently, the technique of fabricating epitaxial superlattices consisting of 

HF compounds and conventional metals has been developed and provides us 

a new research field on the f -electron systems. For example, in CeIn3/LaIn3, 

which is the first report of the HF superlattices, the dimensionality of f 

-electrons can be tuned by controlling the thickness of HF (CeIn3) block 

layers (BLs). CeIn3/LaIn3 which has 2-unit cell thick (UCT) CeIn3 and 4-UCT 

LaIn3 shows the two dimensional AFM quantum criticality. The other HF 

superlattice CeCoIn5/YbCoIn5 shows superconductivity and the Tc is 

suppressed with decreasing the thickness of CeCoIn5 BLs. However, the 

upper critical field (Hc2 ) does not decrease as Tc is suppressed, namely the 

enhancement of the Hc2 /Tc . The enhancement cannot be explained by 

two-dimensionalization, and the other effect should be considered. In these 

superlattices, the superlattice structure should play a key role, but the 

magnetic and electronic properties in each BL have not been investigated at 

the microscopic level. 



To investigate the magnetic and electronic properties in each BL of the 

superlattices, we have performed NMR measurement on CeCoIn5(n) 

/YbCoIn(5) superlattices, as well as the thin films of CeCoIn5 and YbCoIn5. 

Here, in CeCoIn5(n)/YbCoIn(5) superlattices, n (= 5 or 9) layers of CeCoIn5 

and 5 layers of YbCoIn5 are stacked alternately. NMR is one of the most 

suitable microscopic probes and gives us valuable electronic and magnetic 

information even in each BL of the superlattices. 

By comparing of the NMR spectra of these samples, we succeeded in 

identifying the 115In signals arising from the CeCoIn5 (Ce-) and YbCoIn (Yb-) 

BLs in the superlattices, separately. From the measurements of nuclear 

spin-lattice relaxation rate (1/T1 ) in each BL, we found that the 1/T1 of the 

Ce-BLs is systematically suppressed with decreasing thickness of Ce-BL, 

although the 1/T1 of Yb-BLs is essentially unchanged with that of the 

YbCoIn5 thin film. The suppression of 1/T1 of Ce-BLs is contrary to the naive 

expectation that two-dimensionalization enhances the AFM spin fluctuations, 

which is related to 1/T1. The unchanged 1/T1 of the Yb-BLs suggests that 

each BL is nearly isolated and the proximity of f-electrons with magnetic 

moments to non-magnetic Yb-BL is unlikely to be the origin of the reduction 

of 1/T1 of the Ce-BLs. In addition, we compared the NMR spectra obtained in 

the superlattices with different thickness of the Ce-BLs, and identified 

115In-NMR signals arising from the interfaces and the inner layers. From the 

measurements of 1/T1 on superlattices with the different thickness of the 

Ce-BLs. we found that AFM fluctuations are spatially varied along the 

epitaxial growing axis even in the one Ce-BL and are significantly 

suppressed at the interface.This suppression strongly suggests that the 

breaking of the local inversion symmetry is important. At the interface 

between Ce- and Yb-BLs, in which the local inversion symmetry is broken, 

the Fermi surfaces are split due to the Rashba spin-orbit interaction. In the 

presence of the Rashba interaction together with the HF properties of Ce 

atoms, it is considered that the AFM fluctuations are reduced due to the 

Fermi surface splitting.  

Taking into account of these results, we point out the importance of the interfaces in 

these HF superlattices. 




