19 Oct 2016

M2 7S5
(RRERAY BEFRH YELEH. 2016FELEM)

s AT (BIGE2) cn

B FX
(RRASESR ERH)

0
33 4 4 33
Lol
g1 4N ,/,34 143/23,
ol o i 4

Non-phonon mechanism SC/SF

1. Heavy fermion
< spin—fluctuation mediated
2. Superfluid 3He
< hard-core interaction
3. High-Tc cuprates
< spin—fluctuation mediated
4. Iron-based superconductors
< spin/charge fluctuation mediated

Kohn & Luttinger 1965; Chubukov 1993:
Repulsively interacting fermions
- Attractive pairing channel exists for 7> 0
(weak-coupling, dilute case)
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Spin- and charge-fluctuation mediated pairing
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ARPES (angle-resolved photoemission spectroscopy)
(courtesy of Prof. Fujimori, Univ Tokyo)

Magnetic structure
[Yamada et al, PRB 57, 6165 (1998)]

Neutron scattering intensity
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Conductance

Pseudogap from NMR
[#F. B&YMBE2EE 52, 197 (1997) ]
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Multi-layered cuprates

e.g., HgBa,Cu, ;0,
n=1 n=2

i —e—Hg-12(n-1)n
i —==Bi-22(n-1)n
: TI-22(n-1)n
i =e=TI-12(n-1)n
i ——Pb-12(n-1)n

Sr,RuQO,

u(3d)
(Nakatsuji & Maeno, 2000)

Ru4* : d4

4d < — d,, : 92D band

S d d,,: q1D band




BCS paired state at v = 5/2

Triplet p+ip (Pfaffian state)

Trial wf: Moore-Read, Greiter-Wen-Wilczek 1991
ﬁ Numerical: Morf 1998, Rezayi-Haldane 2000; Onoda-Mizusaki-Aoki 2003
Experiment: Willett-West-Pfeiffer 1998, 2002

superfluid 3He

Table of topological insulators /superconductors
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A (unitary) X X x @ IQHE
Standard
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All (symplectic) -1 X X @ @ Z,Tl
Alll (chiral unitary) X X 1
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p+|p SC
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(Altland-Zirnbauer 1997;
Schnyder-Ryu-Furusaki-Ludwig 2008;
Hasan-Kane, RMP 2010)



Iron-based compounds

(Kamihara et al, JACS, 2008)
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Fourier-transform STM
(FeSe: Hanaguri et al,
Science 2010)
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s+ pairing

RN

B el. pocket

D .9, C

o hole pocket

AR

0
ke




® ® & .

e & £ 8 .

®
LaFeAsO

Tn
“qq” ‘1117 b
0959 3
Qo o 10 S . & Hole-doping
Fe Electron-doping (Ba;_K,)Fe,As;

000~ Wﬂn Bal(Fe;-,C0y2AS,
O " \ ) Fe Y
§ o 00 00 o

06
x [K]

Isovalent substitution
BaFe,(As; ,P,),

(Shibauchi & Matsuda, Ann Rev Condens Matt Phys 2014)



fullerene

graphite
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diamond

(Tosatti, Science 2009)
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Density functional theory for superconductors (SCDFT)
(L aders et al, PRB 2005; Marques et al, PRB 2005)
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conventional SC — (Akashi & Arita, PRB 2013)
(Akashi et al, PRB 2012)
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electron-phonon coupling
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Graphene — massless Dirac system

Weyl neutrlno.

T

!’r

Bilayer CaCg -- a thinnest GIC
(Kanetani et al, PNAS 2012)

SiC substrate

Graphene @CMk

Evidence for superconductivity in Li-decorated
monolayer graphene (2015 Tc=6kK

B. M. Ludbrook™, G. Levy™®, P. Nigge™®, M. Zonno™”, M. Schneider™®, D. J. Dvorak™®, . N. Veenstra™®,
S. Zhdanovich™, D. Wong™”, P. Dosanjh™®, C. StraBerd, A. Stohr, S. Forti?, C. R. Astd, U. Starked, and A. Damascelli®®!

*Department of Physics and Astronomy, Unlvarslty of British Columbia, Vancouver, BC V6T 121, Canada; *Quantum Matter Institute, Unlverslty of British
Columbia, Vancouver, BC VT 174, Canada; “Department of Chemistry, University of British Columbia, Vancouver, BC VAT 171, Canada; and “Max Planck
Institute for Solid State Research, 70569 Stuttgart, Germany

Edited by J. C. Séamus Davis, Cornell University, Ithaca, NY, and approved August 10, 2015 (received for review May 28, 2015)
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High-Tc superconductors
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Struzhkin, Physica C 2015

LETTER

Nature 2015) doi:10.1038/nature14964

Conventional superconductivity at 203 kelvin at high
pressures in the sulfur hydride system

A.P.Drozdov'*, M. L. Eremets'*, 1. A. Troyan', V. Ksenofontov® & S. 1. Shylin®

Extraordinarily
conventional

Attitudes to high-temperature sug ductivity have swung from disbelief
to a conviction that it occurs only ‘unconventionally’. But conventional
superconductivity is now reported at record high temperatures. SEE LETTER .73

IGOR I. MAZIN his
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SCDFT Theory
(Akashi et al, PRB 2015)
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Excitations in superconductors

Collective excitations in superconductors

Anderson-Higgs
mechanism

Higgs (amplitude) mode

/ Nambu-Goldstone .
phase) mode .. 2A
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Experiment with THz laser] pump-probe
(Matsunaga et al, PRL 2013)
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Experiment with THz Iaser:| during pump
(Matsunaga, Tsuji, Fujita, Sugioka, Makise, Uzawa,
Terai, Wang, Aoki, and Shimano, Science 2014)
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Distribution

Anderson (1958) pseudospin description

A BCS state _§ B  normal state (T=0)
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Laser-SC coupling ~ 4 2 (Matsunaga et al, Science 2014)
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ﬁllatsunaga et al, Science 2014)

bk = (_A” —A”’ ek—e’A(r) + Ek+(’A({))

2
t 1 as it should, since
electron hole o mmmmma
- . Hi
A=U Z(o’" +io},)  self-consistency (Jgnisutra,
\ k ] - collective pseludospln rPrecessmn scalar particle)
7 A
R |
aak =2b; %0, Bloch eqn of motion
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resonant with Higgs (2Q = 2A)

(Matsunaga et al, Science 2014)

Nonlinear “London ean”  »

1) e =2 c’A — ANIAD)

I

Q + 20 = 3Q (THG)

Free Energy
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quasiparticle conti

\

Collective Higgs mode and q

nuum

Higgs mode

0=2A

uasiparticle excitations

-~ both contribute to the 2A mode (Cea et al, PRB2016)

- go beyond BCS
(Tsuji, Murakami & A

oki, arXiv:1606.05024)
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