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New SCs: either higher Tc or Exotic SC 

One of  
Holy Grails 
in physical 
sciences 
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32 class of SCs categorized in terms of “conventionality” 
Hirsch, Maple & Marsiglio 
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A Brief Introduction to 
New Superconductors recently discovered 

in Our Group 



EuFe2As2:  
striped Fe3d AFM 
A-type Eu4f AFM 

Y. Yao et al.,  
PRB 80, 174424 (2009) 

AFM 

EuFe2(As,P)2:  
FM Eu4f; SC Fe3d  

Eu spins are basically 
along c-axis  with a possibly small canting  
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Z. Ren et al., PRL102, 137002 (2009) 

Ferromagnetic SC 



Ba2Ti2Fe2As4O (22241) 

Y. L. Sun et al., JACS 134, 12893 (2012) 

Self-doped SC 
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H. F. Zhai et al., PRB 90, 064518 (2014) 
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Self doping  
of x=0.3 

Zhai et al., JACS 136, 15386 (2014) 

Self-doped SC 

Compounds with BiS2 bilayers:  
doped band insulatorSC 
New BiS2-bilayer based SCs 
Via self doping 



Superconductivity at 4.6 K in Ta4Pd3Te16 

JoPCM, in press 

s+d 



Summary of the new SCs in our Group 

 2009-2013 
    FMSC in iron pnictides: Eu122 system 
 2012-2014 Design and self doping: 
    Ba2Ti2Fe2As4O, EuBiS2F and Eu3Bi2S4F4 

 2014 low-dimensional telluride: Ta4Pd3Te16 
 2014-2015 New quasi-1D Compounds: 

A2Cr3As3 

 



SC in 3d-element-based materials 
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SC at ~2 K in CrAs under ~ 1GPa 



Tc=6.1 K 

Ambient-pressure SC at 6.1 K in Q1D K2Cr3As3 



How could we discover it? 
SC in CrAs under HP 
(Ba,K)Cr2As2: “KCr2As2”? 
Unexpectedly, K2Cr3As3 
Difficulties: Sample is very air sensitive! 
  SXs growth; Structure determination; Measurements 



The Crystal Structure containing Cr3As3 chains 



The Crystal Structure SG: #187 
PG: D3h  

non-
centrosymmetric 



Ambient-pressure bulk SC at 6.1 K 

Very high upper critical field: 3~4 HP 
Linear resistivity for polycrystalline samples 
   (to be confirmed using well-protected SXs) 



Specific-heat measurement of K233 

Large Sommerfeld coefficient:   
   ~ 3-4 times of “bare” bandstructure DOS 
T dependence is difficult due to the Schottky anomaly 





SC at 4.8 K in Rb233 

Hc2 exceeds HP 



Specific heat of Rb233 

Existence of  
SC gap nodes 



SC at 2.2 K in Cs233 

KRbCs: OK 
(Na, Li) unsuccessful 
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Influence of the ionic size of alkali metals 

Implication: 
Higher Tc in 

Na233 & Li233 
Or, under HP 

Unfortunately, 
Na233 & Li233 

cannot be 
synthesized, 

HP supresses Tc 
(arXiv1502.04304) 
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Theoretical and Experimental Progress 

 DFT calculations: arXiv:1412.1309 and arXiv:1501.00412, CPL2015 

 Theory suggests an f-wave: arXiv:1502.03928 

 Theory suggests a pz-wave: arXiv:1503.06707 

 Theory again suggests spin-triplet instabilities: arXiv: 1503.08965 

 Recent DFT calculations suggest e-ph SC: arXiv: 1508.0082 

 

 NMR/NQR : arXiv:1501.00713, PRL2015 and arXiv: 1508.01012 (Rb233) 

 Penetration depth : arXiv:1501.01880, PRB2015 

 Anisotropy reversal of Hc2: arXiv: 1505.05547,PRB2015 

 muSR: arXiv:1505.05743 

 

http://arxiv.org/abs/1412.1309
http://arxiv.org/abs/1501.00412
http://arxiv.org/abs/1502.03928
http://arxiv.org/abs/1502.03928
http://arxiv.org/abs/1501.00713
http://arxiv.org/abs/1501.01880


c axis 

Spin-singlet 
Cooper pairs 

Pauli limiting for H//rod 



                K233   K133 ?  

    Cr valence               2.33+       2.67+         
3d-electron Nr              3.67        3.33           

SC ?? 

Change in Cr valence in Cr3As3-based mater.? 

AMo3Se3 



Absence of bulk SC in KCr3As3 

ACr3As3 A2Cr3As3 



Crystal structure of K133 

SG: #187 
PG: D3h  

non-
centrosymmetric 

SG: #176 
PG: C6h  

centrosymmetric 

ACr3As3 isostructural to AMo3Se3 



Magnetic properties of K133 

Spin clusters 

Spin clusters freeze Local moment appears 



Resistivity         K133                    Specific heat  

Enhanced magnetic 
scattering around 60 K? 

 absence of bulk SC 
 Cp from spin glass 
 Metallic: γ~60 mJ/K2/mol 



   K333   K233     K133 33 

    Cr valence     2+              2.33+       2.67+        3+ 
3d-electron Nr    4               3.67          3.33          3 

SC SG 

Change in Cr valence in Cr3As3-based mater.? 

?? ?? 



Concluding Remarks & Open Questions 
 First Cr-based SC family at ambient pressure 
    More members? Higher Tc? 
    Mn-based SC? (MnP superconducts at HP as well) 
 Unusual normal-state and superconducting properties 
   Unconventional SC; pairing symmetry? 
 Quasi-1D crystal structure 
   Possible Tomonaga-Luttinger liquid in 233 and 133? 
 Why SC is absent in 133? 
   1) Change of FSs due to “hole doping” 
   2) Weakened interchain coupling due to loss of K1 
   3) Anderson localizations kill SC? 
   4) Cluster spin glass due to geometrical frustration? 

 Why large and anisotropic Hc2? 
 What is the NS? A Luttinger liquid? 
 FM spin fluctuations? 
 Nodal SC? 
 Triplet pairing?  
 p or f wave?  
 …… 



32 class of SCs categorized in terms of “conventionality” 
Hirsch, Maple & Marsiglio 

U12   alkali chromium arsenides? 
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