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Hidden first order phase transition in Pauli-limited multiband superconductors

Yasumasa Tsutsumi', Noriyuki Nakai?, Masanori Ichioka?, and Kazushige Machida?
'Condensed Matter Theory Laboratory, RIKEN, ?2Department of Physics, Okayama University

Introduction Pauli-limited multiband model
Multiband superconductors -
band-1 band-2 H

CeCu2Siz KFe2As: UBe13 L (1) (2) Heg with weak Pauli para.
| o orbital imit H '/ < H ‘ - H..o with
orb orb (1) c2 WI
Magnetization H S~ -
' . P ~ strong Pauli para.
Mag - 2o (emu/g © S-wave gap A1 > Ao N
T | 0.0 < - ®
s .. P au || I|m It (1) (2> )
| : A Hp” > Hp | .
| ¢ 00 Hp = H™ hidden first order
1 ‘ 02 ) 024K 7 . V208 phase transition
[ f f‘100: ] 5-04_ i ag o M, UBey3 | .
\‘f'/ N 2 © smecrea ~ - Pauli para. weak strong
i & Q, \ <001> ®
T)?K O_%AIA:AI E o 82 0.0 (- _ W o
02-(9)- o Tt plateaus * v 05 o i ) . I
I 15 2 P. Burger ef al,, PRB 88, 014517 (2013). | QuaS|CIaSS|CaI theOFy
local minima #oH(T) | .
0.0} . . .
S. Kittaka ef al., PRL 112, 067002 (2014). o . | IR rEllenberger equatlon N
& Specific heat sl L W T ipB(r) 4 v5(k) - [V 4 iA(T)
] 0ol e ] local minima e [ {wn +ipuB(r) —v;(k) - [V —i1A(r)
X : N; ww,w‘-“";‘g'g“““w\ww Y. Shimizu et al., PRL 109, 217001 (2012). « ™
8 1 __V" \\ P - S %_,Va;"‘ ES%M f f g .
3 :12 %{:tw 11 s #unig'_' g ........ I\ 1:5 " ,,,,,,, j 7 _J ’ ]
- i TR s hiw -
~ - ’ B m ° . .gn
S o5 (e = | 0.7 . ~ Self-consistent condition N
L1.0 ‘}}’ - ’ o
ZZ :‘A‘;;;;;s‘ O(D (c) 8; S-Wave gap
N AR ol 3 Vie Vis\ (New(fi + f5)
0 01 02 03 04 05 O 0.5 . — T E 11 12 FIAJI =1 k
T +T (K) : Vor  Vaz ) \Nr2(f2 + [k
S. Kittaka et al., PRL 112, 067002 (2014). S. Kittaka et al., J. Phys. Soc. Jpn. 83, 013704 (2014). ° Wn >0
. current

upturn toward low-temperature under high-field
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[ Strong Pauli paramagnetic effect in high-temperature Mooy = B_H External field H is derived from quasiclassical Green’s function.
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Summary

@ , . [A local minima or plateaus of magnetization curve
® We can understand features of magnetization

strong suppression of H ((j% to H™ by Pauli paramagnetic effect
and SpGCiﬁC heat for CGCU2Si2, KFexAso, and [A upturn of specific heat toward low-temperature under high-field

UBeg3 by Pauli-limited multiband model. gap edge of band-2 shifted by Pauli paramagnetic effect around H~
Critical field of band-2 not directly giving Hc> 1s visible on magnetization and specific heat.



