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A FEW YEARS BEFORE MY BIRTH

* In 1908, Heike Kamerlingh Onnes succeeded in liquefying Helium
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1911... IT'S SUPERCONDUCTIUTY eeed!

@ Discovered by Kamerlingh Onnes in 1911 during first low
temperature measurements to liquefy helium

@ Whilst measuring the resistivity of Hg he noticed that
the electrical resistance dropped to zero at 4.2K

@ n 1912 he found that the resistive state is restored in a
magnetic field or at high transport currents

Zero resistance




¥V 971... THERE IS NO THEORY ...1!
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BCS THEORY ... 1957

© The BCS theory proposed by Bardeen, Cooper, and Schrieffer, in 1957, was the first to
offer a microscopic explanation to amazing properties of superconductors

O Akey conceptual element in this theory is the pairing of electrons close to the Fermi
level into Cooper pairs through interaction with the crystal lattice

© This paring results from a slight attraction between the electrons related to lattice
vibrations AN




BEYOND BCS THEORY ...

A conventionnels o HgBaZCaiIQCu3OB
120 cuprates . TISrBaCuO :
organiques @ BiCaSrCu,0,
100 fermions lourds ‘
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K~(BEDT-TTF) X FAMILY

@ The k-(BEDT-TTF),X family compounds are —
formed by a stack of conductor planes (BEDT-
TTF) separated by insulating planes (anions X)

o P 2D Metal
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X =Cu[N(CN),JcI  Dg-Br Cu(NCS),

Bis Ethylenedithio-tetrathiafulvalene molecule (BEDT TTF)







K~(BEDT-TTF) CUNcS,

@ «-(BEOT TTF),Cu (NCS), is a superconductorin
the vicinity of the Mott insulator phase

@ Superconductivity below T.=10.4K

@ Superconductivity is suppressed at the rate of
dT/dP=-3K/1kbar

Cu(NCS),

K- (BEDT TTF),X

2D Metal




BEFORE MEASUREMENTS

WO

preparation of gold contacts

sample assembly

How the sample looks like

13



SAMPLE #1: RESISTIUITY AT AMBIENT PRESSURE IN i ~(ET),CUNCS)
2

We are using the fact that high magnetic field kills superconductivity :

p(T) under magneticfield p(H) at different T

8
8

p(T)atH=9 Tesla

s =

T T —
L

»
g
T
nN
o
g
T

-]
8

§
8
1500 2
Z
]

#A1: p(p.cm)
H

#A1: p{pcrcm)
2 @
=4 8

- §
—

i

(S

o 2 4 6 8 10 12 14 16 18 20 22
k) H(T)

P,=282.23 pcr.em
A = 8564 p0em.K'

o
s

T(K)
O AtH=9T, p follows a purely linear law as a function of temperature for T < 10K, p = p, + AT with A = 86 u2.cm. K ~*
and p, = 282 pf.cm

O p follows a purely quadratic behaviorforT > 10K ,p = p', + BT*with B =5 pu0.cm. K *andp’y = 623 p0.cm




SAMPLE #2: RESISTINITY AT AMBIENT PRESSURE IN «~(ET),CUNCS)
2

Big contribution of transverse resistivity p. :

p(T) under magnetic field p(H) at different T p(T) at H=9 Tesla
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© At H=9T, the electrical resistivity as a function of temperature follows a pure quadratic law: p = p, + BT?
(Large p. component)

© Weobtain B =5 0. cm. K %2and p, = 480 u.cm




SAMPLE #3: RESISTIVITY AT AMBIENT PRESSURE I «~(FT),CU(NCS)
2

Big contribution of transverse resistivity p, :
p(T)atH=9 Tesla

p(T) under magneticfield p(H) at different T e
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© At H=9T, the electrical resistivity as a function of temperature follows neither a linear law nor a pure quadratic law
p = po + AT + BT? (weak p, component visible)

© Weobtain A=2p0.cm. K™, B=5p0.cm.K~?and p, = 589 ul.cm




APPLYING PRESSURE ...
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SAMPLE #1: PRESSURE EFFECT (P=10 KBAR ) IN K-(EDZCII(NCS)z

p(T) under magnetic field p(T) atH=9 Tesla
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O Under a hydrostatic pressure of 10kbar, the electrical resistivity follows a pure quadratic law as a function of
temperature:p = p + BT?

O Weobtain B = 0.4 p2.cm. K ~2, po = 136 u2. cm. The residual resistivity was divided by factor of 2. The value of B
was divided by a factor of 10 which demonstrates the weakening of the e-e- interactions upon applying pressure




o¢ Many exotic compounds exhibit a resistivity
linear in tfemperature, the origin of which is
not well understood ...
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LINEAR RESISTIVITY IN DIFFERENT COMPOUNDS .... (<)

For non interacting electrons :

*

m* 1 . . * .
=, n:carrier density ,m": effectivemass LA N.Bruin et o science 2015 Feb 15339(6121)804-7

OrudeFormula:p = —= -

— T T T T
UPt, T T T T
CeRu,Si,

R RAT

AtT-0, T= aL, a =1: Planck time CeColn,

kgT |
Bi,Sr,Cayq,Y0sCU,0
" SryRu,0; 2902 dp 92 To.08 U2 Va4

BaFe,(Py ;Asg7),

AtT-0,p(T) = py +AT, A= Z11_ g™ ks

ne2tT n e2h

ool

(TMTSF),PF,4

2
In 20 system, A" = a—- L withT, = 224

2e2 Tr kB m*

ne*l(kke)(apl dT) (misy!




LINEAR RESISTIVITY IN DIFFERENT COMPOUNDS .... (<)

Material

Doping (p)
Pressure (P)

m*
(my)

A/d
(Q/K)

h/(2e*Tg)
(C¥/K)

* LSCO

p=0.26

9.8 + 1.7

821+1.0

89+18

Nd-LSCO

p=0.24

12+ 4

74+ 08

10.6 + 3.7

PCCO

x=0.17

24101

1.7+ 0.3

21101

LCCO

x=0.15

3.0+0.3

3.0 £ 045

2.6 +03

(TMTSF),PF;

P = 11kbar

115+ 0.2

28+ 03

28+04

ET,Cu(NCS),

3.5

560

260

* Alegros et al, arXiv:1805.02512v1 (2018)

** K Murata Solid State Communications,Vol.75, (1990)




In-plane resistivity. Pap.
exhibits a linear behavior at
low temperaturein
(ET),CUNCS,

Thelinear termis
suppressed at large

pressure which
suggests that it is
directly related to
the
superconductivity

Study of other
«—~(BEDT TTF),
X materials
and
comparison
with cuprates
and
(TMTSF),PF,




THANKS!

Any questions?
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