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Phase diagram for organics
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Layered organics (k—BEDT-X family)
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Magnetic frustration
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Perspective
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A doped BEDT organic
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e Method
o Weak vs strong correlations (AFM and SC)

e Phase diagram
-n=1
— finite doping

» What controls maximum T, ? (Quantum
critical point?)
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Concept
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Mott transition and Dynamical Mean-Field Theory.

The beginnings In d = Infinity

Bath

W. Metzner and D. Vollhardt, PRL (1989)
A. Georges and G. Kotliar, PRB (1992)
M. Jarrell PRB (1992)

DMFT, (d = 3)
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2d Hubbard: Quantum cluster method

C-DMFT
Effective Medium omc *.:; :.ﬁ
G FPPP
CA Oe®
DMFT -(&)-(&)-(&)

Hettler ...Jarrell...Krishnamurty PRB 58 (1998) @G __
Kotliar et al. PRL 87 (2001) @ @ .

M. Potthoff et al. PRL 91, 206402 (2003).

REVIEWS

Maier, Jarrell et al., RMP. (2005)
Kotliar et al. RMP (2006)
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e Long range order:
— Allow symmetry breaking in the bath (mean-field)

 Included:
— Short-range dynamical and spatial correlations

e Missing:
— Long wavelength p-h and p-p fluctuations
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Tools: Impurity solver
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CTOMC impurity solver (tool) (T finite)

‘‘‘‘‘‘‘‘‘‘‘‘‘

Mean-field is not a trivial
problem! Many impurity
solvers.

Here: continuous time QMC

P. Werner, PRL 2006
P. Werner, PRB 2007
K. Haule, PRB 2007

D dr [P dr’ T y-;(T)A}g‘.T')u}K(T')

P. Semon et al.
PRB 85, 201101(R) (2012)
PRB 90 075149 (2014);
and PRB 89, 165113 (2014)
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Exact diagonalization impurity solver
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ED impurity solver (T = 0) E

N

David Sénéchal
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Weakly vs strongly correlated

superconductivity

Analog to weakly and strongly
correlated antiferromagnets
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Weak vs Strong correlations

n = 1, unfrustrated d = 3 cubic lattice
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LLocal moment and Mott transition
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T =0 phase diagramn =1

Phase diagram

Exact diagonalization as impurity
solver (T=0).
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Other compounds (R. Valenti et al.)

Hueckel DFT

X t’/t Ui t’/t U/t

CN 1.06 8.2 |0.83 0.89H11 7.3 (12)

0.84 6.8 0.58 (0.83)] 6.0

Cl 0.75 7.5 0.44 7.5 10
Br 0.68 7.2 0.42 5.1 10
8 -
Kandpal et al. PRL (2009) antiferromagnet

Ui
o

Nakamura et al. JPSJ (2009)

X=Cu[N(CN)2]CI

Komatsu et al. JPSJ (1996) 4

Kyung, Tremblay PRL (2006)

0
Tocchio, Parola, Gros, Becca PRB (2009) 0 0.2 0.4 ?/? 0.8 1 1.2
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Analogous results with other methods

H. Morita et al., J. Phys. Soc. Jpn. 71, 2109 (2002).
J. Liu et al., Phys. Rev. Lett. 94, 127003 (2005).
S.S. Lee et al., Phys. Rev. Lett. 95, 036403 (2005).
B. Powell et al., Phys. Rev. Lett. 94, 047004 (2005).
J.Y. Gan et al., Phys. Rev. Lett. 94, 067005 (2005).
T. Watanabe et J. Phys. Soc. Japan (2006) "°f
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Charles-David Hébert Patrick Sémon

n =1, normal state, finite T

Made possible by algorithmic improvements

P. Séemon et al.
PRB 85, 201101(R) (2012)
PRB 90 075149 (2014);
and PRB 89, 165113 (2014)
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Effect of frustration on Mott transition (n = 1)
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Doped Organics: normal state
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Doped BEDT

(@) Mott Insulator

; (b)
] g
Strongly Lo .
correlated 008 | :”
state , E. 1 .4
g o (U/W)c: 107 g 0.06 ’ %0 0z o1 o .otn 101
‘S at 0.5GPa é B o] T
o |7 20k | 0.11 hole/dimer
______ ' k-(ET),Hg, ¢9Brg g 0o+ 40K
c =(U/W)_=0.88 S b k—(ET)Hg20Brs
o ¢ =
B at 0.15GPa s
wn 002
=
S k=(ET),Cu,(CN), N
£ R
£ Fermi liquid °T e ECUNCNTBr R
- | 001 b i O
0 02 04 06 08 1 12 14 16
Half filled 10% doped 20% doped Pressure (GPa)

Band filling
H. Oike, K. Miyagawa, H. Taniguchi, K. Kanoda PRL 114, 067002 (2015) LS guvmegoe o



First order and Widom line in organics
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Results from variational MC

t’/t=0.8

T. Watanabe, H. Yokoyama
and M. Ogata
JPS Conf. Proc.
3, 013004 (2014)
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Superconductivity in the organics

at finite T
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Doped BEDT

@) Mott Insulator

] (b) 10 i ! ' T ' T
.': Inhomogeneous SC m#]
p — o #2
Strongly 2 (|} S s #3 ]
I‘ o \.
correlated = \ .
l" A\\ B
Hate BulksC
> (U/W).=1.07 , | - |
‘S at 0.5GPa 0 05 : i 5 i 5
i Pressure (GPa)
------ K-(ET),Hg, 59Br3 o
g =(u/w).=0.88 ) |
= at 0.15GPa P
e ™
& | S
£ x-(ET),Cu,(CN), ]
= | Fermi liquid 5. o |
8 K b k-(ET)HEuBn
Half filled 10% doped 20% doped o |
olls i X g -
Band filling RS
! %?essl?r’;((;l:a) o

H. Oike, K. Miyagawa, H. Taniguchi, K. Kanoda PRL 114, 067002 (2015) @ B SHERBROOKE



Doped BEDT

a
@) Mott Insulator (b) 10 | | f | |
; Inhomogeneous SC = #
.: Y e #2
:.l' g 5 I ,’ -\‘\- A #3 i
Strongly 5 -
correlated b,
J ‘\\ |
state i BulksC "
g (U/W)C: 1.07 0 L L. g, I ]
e at 0.5GPa 0 0.5 1 1.5 2 25 3
S Pressure (GPa) n=0.90
,,,,,, &-(ET),Hg, soB 2w
= =(U/W), = 0.88 100 - S
o) ("T‘lnmax
B at 0.15GPa (dRAT)
2 G
E x-(ET),C CN - " T,T=const
= ( )2 UZ( )3 g Mott insulator 2 Q? e
1+ - 10 A R=R,*AT
S Fermi liquid : Y —
= J L(spin liquid) 75! Tc Nt nN= 1
r (Fermi liquid)
Half filled 10% doped 20% doped 1 e
Band filling 2 3 4 5 6 7
Pressure (10-'GPa)

%y, B SHERBROOKE

H. Oike, K. Miyagawa, H. Taniguchi, K. Kanoda PRL 114, 067002 (2015)



65 6.1 5.7 5.3 49 45
50f A AFM 10
® S(
= 12
40t S04t | 12100
s 15
%5301 t 2
b= 20
20f
30
L 2
10f . 60
735 a. 45 5.
t/U (1/eV, Pressure )
(a)
U/t
35. 11. 8.4 6.7 5.6
30 n =0.90 {17
® SC
25} tit'=04t| {20
20+ = 0o " t 124
g r ° 130 g
;15 y [] «Q
. 140
10} L
5p {120
75 15 225 3. 3.75 45

t/U (1/eV, Pressure )

(c)

Ul
35. 17. 11. 8.4 6.7 5.6
° ]
40 n =A_.0..99 | 13
t| =0t | ®° .
30 , . 17
— L ’* —
) B =
= 20¢ B ., 24 &
El
® e
e 40
10f, -
120
%.75 1.5 2.25 3. 3.75 4.5
t/U (1/eV, Pressure)
(b)
Ut
REN 17. 11. 8.4 6.7 5.6
30F n =110 7
® S(
25Ft| t's@.4t 120
20F f P4
z P i » 430 =
=15F . g
/ . 440
10- 0/ 0160
5 4120
075 15 225 3. 375 45

t/U (1/eV, Pressure )

(d)

UNIVERSITE DE

SHERBROOKE



t’ = 0.4t overview

T(K)

I'NI\‘I:RSI‘i'l‘. DE
@ B SHERBROOKE



Signatures of Widom line in the

superconducting state
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Results from variational MC
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Antiferromagnetic quantum critical point

scenario (weakly correlated)
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Pnictides and organics

Pnictides Organics
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AFM not related to maximum T_
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Generic case highly frustrated case
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Weil Wu

AFM quantum critical point in heavy

fermions (with same category of methods)
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Heavy fermions

Heavy fermions 3D metals tuned by pressure, field or concentration
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Heavy fermions
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Summary : organics

o Agreement with experiment

« SC: larger T, and broader P range if doped
« Larger frustration: Decrease T, much more than T,
* Normal state metal to pseudogap crossover

e Predictions

e First order transition at low T in normal state
e Or remnants in SC state
e also T.decreases in e-doped)

e Physics
e SC dome without an AFM QCP. Extension of Mott
e SC from short range J.
e T. dome maximum near normal state 1st order,@ ] S ok
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Review: A.-M.S.T. arXiv: 1310.1481

A.-M.S. Tremblay
“Strongly correlated superconductivity”
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