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At pressures of around 100  GPa solid oxygen
becomes superconducting, with T, of 0.6 K.

Oxygen
= H = 1,000 Y&
40GPa E / 50(())(} 120 GPa
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1,000
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| _ N TE
Solid Oxygen - ¢ o
becomes shiny at : 1 )
pressure (metalllc ’ _50um s Sample T(K)

oxygen

color)

1GPa 10kbar=10,00@&tm

cf. 1 atm~10m water depth K. Shimizuet al.Nature (998)
10,000 atm~100 km water depth
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“l think | can safely say that nobody
understands quantum mechanics.”

Richard Feynman (1965).
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Superconductivity is destroyed by the strong magnetic field
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Superconductivity is destroyed by magnetic field

(breakdown of Cooper pairs by magnetic fi¢ld
Orbital effect (Lorents force)
p X B

Zeeman effect of spin (Pauli paramagnetism)

q

S=+1/2 S=-1/2



Orbital effect

p X B
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Typhoon July 16, 2007 Japan

eye of a typhoon
(vortex core )

Kyoto
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FIG. 1. Fermi surface of MgB>. The figure is taken from
Ref. [5]. Holes in the o-band form cylinders around the
I'A-line. The w-band has electron and hole pockets located
near the H- and K-points, respectively.
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Three families of unconventional superconductor

Iron pnictide(Fe) Cuprate(Cu) Heavy fermion compound

Weakly localized Strongly localized Very strongly localized &
3d-electrons 3d-electrons 5f electrons
Weak correlation Strong correlation
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0®° o® J. G. Bednorz and K.A. Muller, Zeitschrift fur Physike

o#. Possible High T, Superconductivity
in the Ba—La— Cu— O System

J.G. Bednorz and K.A. Miiller
o IBM Ziirich Research Laboratory, Riischlikon, Switzerland

%ﬁ. Received April 17, 1986

Metallic, oxygen-deficient compounds in the Ba—La — Cu— O system, with the composi-

0.06 daimem Dun T o . M hoon hrne smwnsneadd dm cmalemserntn 1l Foea C‘..m.—.1es With
i I of three
4 1 sooling,
005} =% O . .
A rithmic
v R increase, interpreted as a beginning of localization. Finally an abrupt decrease by up
- T, AW . to three orders of magnitude occurs, reminiscent of the onset of percolative superconduc-
%, o ¥ ‘. . . . .
T " L ooto tivity. The highest onset temperature is observed in the 30 K range. It is markedly
z e R — oz reduced by high current densities. Thus, it results partially from the percolative nature,
S ooal- - 1 & bute possibly also from 2D superconducting fluctuations of double perovskite layers
a - B of one of the phases present.
L — opos P P )
002 [~ _: ° 0.25 Afom? £}
bx * 0.50 Afem? T
Eo x 0.50 Arem?
o = DO04
001 -f =
o i
J
S — . I :
OD 100 T (k) 200 30(‘.I‘:l

Fig. 1. Temperature dependence of resistivity in Ba, Las _ CugOg 5y
for samples with x(Ba)=1 (upper curves, left scale) and x(Ba)=
0.75 (lower curve, right scale). The first two cases also show the
influence of current density
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High-T. superconductors
JIA|CIS

COMMUNICATIONS

Published on Web 02/23/2008

Iron-Based Layered Superconductor La[O4_,F,]JFeAs (x = 0.05-0.12)
with T, = 26 K

Yoichi Kamihara,*T Takumi Watanabe,# Masahiro Hirano,t$ and Hideo Hosonot#+§

ERATO-SORST, JST, Frontier Research Center, Tokyo Institute of Technology, Mail Box 52-13, Materials and
Structures Laboratory, Tokyo Institute of Technology, Mail Box R3-1, and Frontier Research Center, Tokvo Instifute
of Technology, Mail Box S2-13, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan
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Y. Kamiharaet al., JACS,130, 3296 (2008).




High-T. superconductors

H o s o ngmpsvas not looking for
superconductor, but trying to create new kind of
transparent semiconductors for flat-panel display.

LaFePO T.=4 K
LaFeP(O,F) T=7K

LaFeAs(O,F) T.=26 K
Only two months!

SmFeAs(O,F)  T.;=96K



Fe-based highl . superconductors

42622

(32522)
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00 itie Aydyt ghyd
LI, © 0.
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© O
(AM,0;) FeAs,  LnFeAsO BaFgAs, LiFeAs FeSe
T(max)=47K  T(max)=55K  T(max)=38K  T=18K T=8K

Y.Kamiharaet al.(2008) M. Rotter et al.(2008) X.C.Wang et al.(2008) F.C.Hsu et al.(200:
Zhu et al.(2009)

Ogino et al. (2009) T _110 Kr
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P.J. Hirshfeld, M.M. Korshunov and I.I. Mazin, Rep. Prog. Phys. (11) see references therein



High-T. superconductivity in FeSe
Superconductivity in single-layer films of FeSe with a transition temperature

above 100 K

Jian-Feng Ge', Zhi-Long Liu', Canhua Liu'*, Chun-Lei Gao’, Dong Qianl, Qi-Kun Xue”*, Ying
Liu"’, Jin-Feng Jia'*

Side view of 4PP

7\ ~20°

FeSe film
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F.-C. Hsuet al,
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One monolayer
T>100 K
JF. Geet al %
Nature Mat. (2014)
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CeCu,Si,

Superconductivity in the Presence of Strong Pauli Paramagnetism: CeCu,Si,

F. Steglich
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PuCoGa (T.=18 K)
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Magnetic susceptibility, 47y
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Organic superconductor

- Cu[N(CN),|Br layer
- BEDT-TTF layer
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FFLO State in Neutron Star
Color superconductivity

R.Casalbuoni and G.Nardulli
Rev. Mod. Phys. (2004)

Glitches

FFLO State in Rotating
Bose -Einstein -Condensate

(No observation so far)

Na - atoms

Ketterle-group
MIT, 2001



