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Correlated electrons

U independent electrons = Fermi liquid
- Effective mass
@ @ @ @ - coherence Temperature
- U very strong (U>U,): Mott Insulator
Mott insulators are predicted metallic by DFT ! A A
electrons are localized by correlations 4‘ n
(V,0,, Fullerenes, Cuprates...) W W

Spectrum of charge excitations

The proximity to a Mott state strongly
affects the properties of a system:

* reduced metallicity (Z~x)

] * mass enhancement

* transfer of spectral weight from low to
B :‘300%00%000 high energy (e.g. in optical response)

T 0 450"—2 71000 P (bar)

500 * tendency towards magnetism
Limelette et al. Science 2003 o




Multi-orbital svstems and Hu 1nli uca de Medici

Correlated materials: 3d, 4d, 5d, 4f, 5f electrons at the Fermi level

Example: transition metal oxides

Orbital degeneracy is often lifted (partially or totally) by the crystal-field
Several correlated orbitals remain relevant for the low-energy physics

Example for 3d electrons : Iron-SC vs cuprates

The local coulomb interaction is ﬂ/lott transition in multi-orbital modem
different depending on the (Lu ‘94, Rozenberg ‘95, Florens et al.’02, ...)

electrons occupying the same - T s
or a different ofgitaﬂ and on the * Realized at RN
mutual spin direction every integer filing '/~ "0
« Ucgrows with % N
degeneracy
Hund’s coupling “J” is a measure
of this difference

.




Hund’s rules: atoms

Aufbau

3d

4s
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Hund’s Rules

26Fe  AUTITITT

!

In open shells:

1. Maximize total spin S

2. Maximize total angular
momentum T

(3. Dependence on J=T+S,

Spin-orbit effects)



Tight-binding modeling of the low-ener ' [ uca de Medici

H= » H"
k

+U Z NimAMim] + (U — 2J) Z Nimoim’e

1,m im>m'o

—|—(U — 3J) Z Nimoim/oc T Hflz'p

1,m>m'o

Many more parameters compared to the one band case:
Coulomb and Hund’s couplings, several bandwidths, crystal-field splitting...

Difficulty lies in dealing with the localized (atomic) and itinerant nature of
electrons on equal footing




"T'echniques: Dynamical Mean-field '1'heor Luca de Medici
Metzner & Vollhardt ‘89, Georges & Kotliar '92, Jarrell ‘92

DMEFT: use of a self-consistent impurity model to calculate the local correlators
(exact in the infinite coordination limit)

Impurity model / / drdr’ Z dl — 7' )dme (T") + Hing

Self-consistency condition 0) 1) 1))

G Yiwp) = iwp—1t2, G mliwy) ' -

Electron reservoir

Reviews:
DMFT Georges et al. RMP’96
Cluster DMFT Maier et al. RMP’05
LDA+DMFT Kotliar et al. RMP’06

Cheaper alternative: Slave-Spin mean-field
(e.g. as phase diagram surveyor) LdM et al. PRB’05



Recipe:
» Enlarge the local Hilbert space (new variables + constraint)
« Treat the constraint on average

* Decouple the pseudo-fermions from the slave variables
(renormalized non-interacting fermionic model)

 Treat the slave variables in a local mean-field

Examples:
« Slave Bosons (Kotliar and Ruckenstein)
« Slave Rotors (Florens and Georges)



'The Slave Spin Mean Fiel Luca de Medici

* Hilbert Space mapping

0) = |ny=0,5°=—-1/2)

f 2P 1 )
|1>Ed|0>=|nf:1,SZ:_|_1/2> ffZSZ—I—i
Constraint:
« Choice of the operators S Lagrange multiplier )

d'—28f"  d—25f
Zt Z imo zma + hC) -+ Hint [dT, d]
(1j),0
Zt Z 45 imo jmo' szmo'f’LmO' + h.c. ) + Hmt[S]

(13),0
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Hint =U Z NimrTim] + (U — 2J) Z NimoNim’c

1,m ,m>m'o

+(U — SJ) Z NimoNim’o + Hfl'ip

1,m>m'o

1 . . 1
Hint = UZ SzmT+ zm¢+§)+(U_2J) Z (Szma )(Szma 2)

t,m>m'o

+(U=3J) Y (Sin, + )(Sfm o)+ Hjuip

i,m>m'o

HfllP - JZ |:S11TS11lS12lS12T + SzllSleSIZTSIZl]
Approximation for

Hpi, —J Z [Sm 115218 + Sz2TS121SleSi_ll]



Slave-spins mean-field uca de Medici

— _me Z 4SimsS Jmc fjm°+h'c) +Hine|S]

m <ij>,0

Mean-field approximation : - decoupling f and S
- static and uniform Lagrange multiplier

- local mean-field on S

Mean-field equations (Half-filing, Am =Em=u=0
slightly different off-half-filling)
H’ ff =Y ZnEimf oS imo Hy =Y 21,S% + Hint [ Sino)
k.mo mo
X 1 2
hon = 4<Smc>ﬁ2e:km (f o fiem) Zn=4(Sps)
k
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4 P Atomic limit: Coulomb staircase




B ellChIl‘lal‘kS [Luca de’ Medici

4 Atomic limit: Coulomb staircase
3.5
3
2.5 1
' 0 | Hubbard model: Mott transition
= 2] Slave-Spins (Brinkman-Rice scenario)
1.5 ¢ 0.6
1" 0.4 | H=—t Z (d;radia + hC)
0.5 (ij),0
o U 02|
-4 ; | | | | | +U Z T TV
0 0.5 1 1.5 2 25 3 3.5 4 2
u/D




Benchmarks
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Atomic limit: Coulomb staircase

Hubbard model: Mott transition

4
3.5
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2.5
= o 0.8
1.5} 0.6 -
1 N
0.4 |
0.5
o U 0.2 |
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0
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Mott transition:
N orbitals

Slave-Spins (Brinkman-Rice scenario)
1 - gdia + hC)
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Benchmarks
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4 Atomic limit: Coulomb staircase
3.5
3
2.5 1
' 08 Hubbard model: Mott transition
c 2 . . X
Slave-Spins (Brinkman-Rice scenario)
1.5 ¢ 0.6
N [ .
1 N T | T
0.5 [ M
o U 0.2 + 08 } 2 ! " | -
-4 . | N - U Z Uz
0 05 1 0.6 ————
N W=2 — -
W=1 ——
0.4 |
Mott transition: 02 ¥
N orbitals 0 N
0 2
Independent correlation strength ‘_ s s
Orbital-selective Mott transition -



(Generalization off half-filling Luca de Medic

d — 25f Isno longer a good choice (bad non-interacting

limit) .
Good choice: 0.8
d — Sf 0.6
S=cStT+S8 04
1 0.2 |
c= —1
v/n(1—n) 0

u/D

Coincident in one-band models with Slave
Bosons mean-field (Gutzwiller approximation)



Comparison with similar t¢ Te Luca de Medici

Number of non-physical states in the enlarged Hilbert space:
Slave Bosons: OO
Slave Spin: finite
Slave Rotors: OO

Number of auxiliary variables:
Slave Bosons: 22N
Slave Spin: 2N
Slave Rotors: 1 (only for totally degenerate systems)



Iron-based superconductors Luca d¢’ Medici

FePn 1-1

non-As

FeSe;sTeg s

o-FeSe @

Mar Feb Mar Apr May Jun Jul Aug %Sep Oct Nov

(2006)
2008 courtesy of J. Hoffman!

A . . . . B UNIVERSITY OF
Cargése MultiOrb International Summer School, August 2011 Johnpierre Paglione & MARYLAND




Iron-based superconductors
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20

40

Tc
30

Temperature (K)

20

Chemical substituticn (nermalized)

10
Paglione and Greene, NatPhys2010

0
Mar Feb Mar Apr May Jun Jul Aug %Sep Oct Nov

(2000 2008

A . . . . 2. UNIVERSITY OF
Cargése MultiOrb International Summer School, August 2011 Johnpierre Paglione @; MAR®

courtesy of J. Hoffman!




Iron-based superconductors Luca de’ Medici

Crystal Structures

e LaOFeAs

Sr3;Sc,0xFe,As,

Paglione/Greene review (2010)

s UNIVERSITY OF
Cargése MultiOrb International Summer School, August 2011 Johnpierre Paglione @) MARYLAND



Iron-based superconductors [uca de’ Medici

Paglione and Greene, NatPhys2010 Al (mev)
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Yin et al. NatMat2011 Gretarsson et al. PRL.2013



Correlations in Iron SC? Luca de Medici

Contrasting evidences for correlation strength Qazilbash et al. NatPhys2009

. . . ® LaFePO ® VO
. - 1o Mott insulator in the phase diagram O BaFes, o V0,
IS : : > La CuO ® SrRu0
U< - no detection of prominent Hubbard bands Lo SrCuO (x=04)  © SrRuO..
2x X 4 3
. . ' La, SrCuO, (x=0.15) CrO,
- moderate correlations from Optics v Lo 'SrCu0. (x=0.2) Cr
2X X 4 3
. . X% Nd,CuO, ¥ MgB
Ce . . X 3 w
©< - strong sensitivity to doping e i ol s ol
@7 % Correlated Metal Conventional
T 44 : g Metal
- local vs itinerant magnetism Bx| Ox 0% o0 5
Weak-coupling vs Strong-coupling scenarios iy
0.0 0.2 0.4 0.6 0.8 1.0
’(exp/’(band
X
06F" ' : ' ; ' '-7D70
Ba(Fe1_XCo;V_ e 108
. 0.04 )
= - - | 005 Specific heat (mJ/ mol K?)
O ;-
o | LaFePO 7
B ' Ba(Co,Fe, ,),As, 15-20
co2p Ba, K Fe,As, 50
FeSe, g5 9.2
oo L1 , , , KFe,As, 69-102
0 100 T(K) 200 300 KO_8F61_6862 6

Fang et al. PRB80 (2009) _
Rullier-Albenque et al. PRL103 (2009) Review: Stewart, RMP (2011)



Modeling Iron-based superconductors: Hund’s coupling Luca de’ Medici

2 ¢® ?" - cubic
.:;\o «x ,\." - multi-orbital: 5 bands (Fe 3d) at the Fermi level
¥ e o n=6 conduction electrons
« §;{; - Partially lifted degeneracy
0)._"’ (? - Not a very large U but strong Hund’s coupling J
T NN W~4eV, U~2-4¢eV, J~0.5eV

€
€
.

w
o

N
v

BaFe,As, Theory:
‘Hund’s metals’

Haule and Kotliar,
NJP 11 (2009)

e (10 3emu/mol)

pe YHp P—
k -0 100 ZOOT (K)300 400 500
+U Nim1Mim | -+ (U/ — Z) NimTim/
. 2
1,m 1, m>m/’
(U'=U-2J)

T 3|28t Sir - (Al i i+ )

1,m>m’



Ba-122 Phase diagram
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Avci et al. PRB 85 (2012)

Ba,,,K, Fe,As, Ba(Fe, Co,),As,

A I ¥ | J f' & T | ]
120 } ; 0 ]

Q
90 ¢ o |
o q
” Ak
— 60; AF % |

-~ - %
30 I - - ‘SC 3 _ ]
L'_ - Il.-- - : ! BaF62A82 SIC .; -:-'
-04 -0.2 0.0 0.2
KFe,As,

Charge Carriers/Fe




Orbital-dependent correlation strength
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mass enhancements LdM, G. Giovannetti, M. Capone, PRL 2014

Experimental data
(high-T tetragonal phase)

Theory (LDA+Slave-spins)

20 20

Specific heat

| doped ‘BaFezA‘sz: 2 o
X2_y2 E— 107F i Optics a L
Xz/yz —_— i ARPES whole |
= 15 ¢ Xy = + ARPES sheets  +
g KFe,As,mumm g 8 r W Q. Osc.
g 2
10 g 6
= =
o P
7] 2 4L
<
g 51 1 = ]
\ 2 8 =
0 | | | | | | | 0 L L L - L - -
06 -05 04 03 02 01 0 01 02 03 06 05 04 03 02 01 0 01 02 03
(hole doping) doping/Fe | (electron doping) L S B s X (dopmg/Fe) =>Ba(le;  Co )As
KFe,As, BaFe,As, KFe,As, BaFe,As,

Selective correlation strength: strongly and weakly correlated electrons

Many other theoretical works showing orbital-dependent correlations (DFT+..) : Ishida et al., Aichhorn et al., Shorikov
et al., Craco, Laad et al., Werner et al., Yin et al., Backes et al. (DMFT), Misawa Imada (VQMC) Bascones et al.
(Hartree-Fock), Ikeda et al. (FLEX), Yu Si (slave spins), Lanata et al. (Gutzwiller), Calderon et al. (slave-spins), etc.



Correlations: experimental mass enhancements in Ba-122

20 | | I | | [ |
Specific heat @
10F 5 Optics A L
0 ARPES whole m |
2 + ARPES sheets +
& 8 - Q. Osc. g
S
s
£ 6F
c
()
s 4+ "
= H
2 8 =
0 1 1 ] 1 1 1 ]
-0.6 -0.5 04 -0.3 0.2 -0.1 0 0.1 Ul s
Ba, , K, Fe,As, <--—---- X (doping/Fe) --> Ba(Fe, Co,),As,
KFe,As, BaFe,As, (all data in the high-T
tetragonal phase)
References in: LdM, G. Giovannetti
Sommerfeld ~ N* — * o ’ ’
coefficient v~ N*(EF) Z(m /15)a Ny (EF) M. Capone, PRL2014

Optics: Drude D™ = Z(mb/m*)aD?

contribution

87

(0

Optics: beware of interband transitions!
Calderon et al., PRB2014




Orbital-dependent correlation strength
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mass enhancements LdM, G. Giovannetti, M. Capone, PRL 2014

Experimental data
(high-T tetragonal phase)

Theory (LDA+Slave-spins)

20 20

Specific heat

| doped ‘BaFezA‘sz: 2 o
X2_y2 E— 107F i Optics a L
Xz/yz —_— i ARPES whole |
= 15 ¢ Xy = + ARPES sheets  +
g KFe,As,mumm g 8 r W Q. Osc.
g 2
10 g 6
= =
o P
7] 2 4L
<
g 51 1 = ]
\ 2 8 =
0 | | | | | | | 0 L L L - L - -
06 -05 04 03 02 01 0 01 02 03 06 05 04 03 02 01 0 01 02 03
(hole doping) doping/Fe | (electron doping) L S B s X (dopmg/Fe) =>Ba(le;  Co )As
KFe,As, BaFe,As, KFe,As, BaFe,As,

Selective correlation strength: strongly and weakly correlated electrons

Many other theoretical works showing orbital-dependent correlations (DFT+..) : Ishida et al., Aichhorn et al., Shorikov
et al., Craco, Laad et al., Werner et al., Yin et al., Backes et al. (DMFT), Misawa Imada (VQMC) Bascones et al.
(Hartree-Fock), Ikeda et al. (FLEX), Yu Si (slave spins), Lanata et al. (Gutzwiller), Calderon et al. (slave-spins), etc.



Heavy-fermionic behaviour in KFe,As, Luca de’ Medici

mass enhancements

Theory (LDA+Slave-spins)

LdM, G. Giovannetti, M. Capone, PRL 2014

week ending

PRL 111, 027002 (2013) PHYSICAL REVIEW LETTERS 12 JULY 2013

Evidence of Strong Correlations and Coherence-Incoherence Crossover
in the Iron Pnictide Superconductor KFe,As,

20 1 1 1 P E. Hardy,"* A.E. Bohmer,' D. Aoki, > P. Burger,' T. Wolf,' P. Schweiss,' R. Heid,'
doped BaFe2A52:2 7 — P. Adelmann,I Y. X. Yao,* G. Kotliar,” J. Schmalian,b and C. Meingasl'
X-y -— 'Karlsruher Institut fiir Technologie, Institut fiir Festkorperphysik, 76021 Karlsruhe, Germany
XZ/yZ 2INAC/SPSMS, CEA Grenoble, 38054 Grenoble, France
o1 - 3IMR, Tohoku University, Oarai, Ibaraki 311-1313, Japan
5 Xy *Ames Laboratory US-DOE, Ames, lowa 50011, USA
g KFe 5 As 5 EEEE SD()[mrlmenI of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08854, USA
8 Karlsruher Institut fiir Technologie, Institut fiir Theorie der Kondensierten Materie, 76128 Karlsruhe, Germany
c% 0 (Received 15 January 2013; published 9 July 2013)
"E Using resistivity, heat-capacity, thermal-expansion, and susceptibility measurements we study the
o normal-state behavior of KFe,As,. Both the Sommerfeld coefficient (y = 103 mJmol ™' K™?) and the
% Pauli susceptibility (y =4 X 10™%) are strongly enhanced, which confirm the existence of heavy
= 51 - | quasiparticles inferred from previous de Haas—van Alphen and angle-resolved photoemission spectros-
copy experiments. We discuss this large enhancement using a Gutzwiller slave-boson mean-field
\ calculation, which shows the proximity of KFe,As, to an orbital-selective Mott transition. The tempera-
| \ ture dependence of the magnetic susceptibility and the thermal expansion provide strong experimental
evidence for the existence of a coherence-incoherence crossover, similar to what is found in heavy fermion
0 . . . . . . . and ruthenate compounds, due to Hund’s coupling between orbitals.
06 05 -04 -03 -02 -01 0 01 02 03 e
w— 2 T (FC)
— 5T (FC)
(holg doping) doping/Fe | (electron doping) H1el= e
L] Lab
KFe,As, BaFe,As,

10" x M/H

"0 50 100 150 200 250 300



Heavv-fermionic behavior: theorv vs experiment

Ba, K, Fe,As,
100 |
75
S 50 —
£ g
£ E
> 25 =

-1.0  -0.5 0.0 0.5

X (2*doping/Fe)

200

180 |
160 |
140 |
120 |
100 |
80 |
60 |
40 |
20 |

AFe,As, (A=K, Rb, Cs)

-@- Kanter, powder

-®- Hardy, single crystals 1
de Medici, interacting

- de Medici, bare

—o

-
|

A

Rb

Cs

Experiments from Meingast’s group in Karlsruhe. F. Hardy et al. unpublished




Mott insulating state at half-filling
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mass enhancements LdM, G. Giovannetti, M. Capone, PRL 2014
0'6 I T T T T /
Theory (LDA+Slave-spins) L 05
@ .
z 04 n
20 2
\ w T £ 03+ Ba, K Fe,As):
Bal_xKxFezAsz.2 77— £ I- E 2772
_— §0.2 - " K2y? —
= 15+ 7 01L Xz/yz ——
5} Xy
§ 0 KFe2As2 EEEm
S0l | 5 52 54 5.6 5.8 6 62
=
5 (hole doping) total filling (electron doping)
: Mott Insulator
5L |
15 Ba]_XKXFeéAsz:
0 | | | | | | 22 /
5 52 54 56 5.8 6 6.2 L4y Xz;yz —
xzlyz
(hole doping) total filling |(electron doping) %D 13 L Xy "
= KFe2As2 mmmm
KFe,As BaFe,As E
EAS BTV 5] 2dL Er/A5, B 12 7
© |
1.1
1 —l————'/ ‘
5 52 54 5.6 5.8 6 6.2

(hole doping) total filling (electron doping)
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Degenerate 5-band Hubbard model
Slave-spin mean field (LdM et al., PRB 72 (2005))

7 “I | 1\ | | | | I" I'i
J/IU=0.15 ° | :f’ \J
JU=020 ° L |
JIU=0.25 s ‘

Mott Gap: E(n+1)+E(n-1)-2E(n)

For a review:
“Strong Correlations from Hunds’ Coupling’

e half-filling: ~U+(N-1)J
A. Georges, LdM, J. Mravlje,

* other filling: ~U-3J
Ann Rev Cond. Mat. 4, 137 (2013)

LdM, PRB 83 (2011)
LdM, J. Mravlje, A. Georges, PRL 107 (2011)



Degenerate 5-band Hubbard model Luca d¢’ Medici

Slave-spin mean field (LdM et al., PRB 72 (2005))

JIU=0.15 °

J/U=0.20
J/IU=0.25 ¢

Mott Gap: E(n+1)+E(n-1)-2E(n)

° half—ﬁlhng ~U+(N- 1 )J For a review:
) “Strong Correlations from Hunds’ Coupling”
e other ﬁlhng: ~U-3J A. Georges, LdM, J. Mravlje,

Ann Rev Cond. Mat. 4, 137 (2013)

LdM, PRB 83 (2011)
LdM, J. Mravlje, A. Georges, PRL 107 (2011)



Degenerate 5-band Hubbard model Luca d¢’ Medici

Slave-spin mean field (LdM et al., PRB 72 (2005))

7
1
6
J/U=0.15 05
5
J/IU=0.20 0.6
_ Z
J/U _O -25 % 0.4
W e o L 02
C A p—
= 12 — 0
of (J/U>~0.2 in Slave-spins
21 . 5 6 7 g corresponds to J/U=0.15
0o 0.05 o1 015 02 0.25 n in DMFT)
JIJ
Mott Gap: E(n+1)+E(n-1)-2E(n)
° half—ﬁlhng ~U+(N-1)J For a review:
) “Strong Correlations from Hunds’ Coupling”
e other ﬁlhng: ~U-3J A. Georges, LdM, J. Mravlje,

Ann Rev Cond. Mat. 4, 137 (2013)

LdM, PRB 83 (2011)
LdM, J. Mravlje, A. Georges, PRL 107 (2011)



Degenerate 5-band Hubbard model Luca d¢’ Medici

* local inter-orbital spin correlations
‘Near’ half-filling: are enhanced (high-spin locking)

quasiparticle weight charge inter-orbital correlations spin inter-orbital correlations
1 7 0 7 0.25
6 6
0.8 -0.01 0.2
5 5
-0.02
0.6 4 4 0.15
o) a) a)
5 5 -0.03 3
04 3 ° 0.1
- -0.04
2 2
1 0.2 = 0.05
1 -4 -0.05 1
0 0 L -0.06 0 0
5 55 6 65 7 75 8 5 55 6 65 7 75 8 5 55 6 65 7 75 8
filling filling filling

* local inter-orbital charge correlations are suppressed

0.05 inter-orbital charge-charge correlations, J/U=0.25, n;;=6.0
g 0.06 ] 2 2 2
T 004 o Ea A /
[ —%— Xz/yz - X h
- Independent charge |-~ ™7 ) |
s . .
5 (Mott) physics in the |, 7
° 002 . . B
£ different orbitals! i
0.01H
3 4
S0 ° : 2 3 s 5 6
0 1 4 5 6 7 U (eV)




Hund’s coupling and Orbital selectivi

ﬁbital-selective Mott transition \

*Coexisting itinerant and localized
conduction electrons

» Metallic resistivity and free-moment
magnetic response

5 bands of the same width

N=6 (half-filling+1) * non Fermi-liquid physics of the
intinerant electrons
Crystal-field (one band up) Anisimov et al., Eur. Phys. J. B 25 (2002)
+ Hund’s coupling Koga et al., Phys. Rev. Lett. 92 (2004)
B e e For a review:
- - \{Vojta J. Low Temp. Phys. 161 (2010)
0.25 Orbital- selective _ 9

localization

0.2 F

Mott Insulator [ J favors the OSMT ]

(OSMT is the extreme case.
More generally J favors a

differentiation in the correlation
002 4 6 8 .110.11201}4[51‘6. 18 20 22 24 26 28 Strenqth for each orbital)

LdM, S.R. Hassan, M. Capone, JSC 22, 535 (2009)

0.05




d)

mnd’s coupling
suppresses the inter-
orbital correlations,
rendering the charge
excitations in the different
orbitals independent from
one-another, i.e. acting as
an orbital-decoupler for

WOtt-physics /

LdM, S.R. Hassan, M. Capone, X. Dai, PRL102 (2009)
LdM, Phys. Rev. B 83 (2011)
Werner and Millis, Phys. Rev. Lett. 99 (2007)




0.6 /
= 05
=
b -
204 n
=2
2
‘% 0.3 Ba, K Fe,As,: 7
k=3 2
2 L]
% 02+ Xz_yz
xz/yz
0.1 - Xy g
0 ‘ ‘ ‘ KFe2As2 EEEm
5 52 54 5.6 5.8 6 6.2
(hole doping) total filling (electron doping)
Mott Insulator
15 Ba]_XKXFeéAsz: '
2
VA
14 L X2_y2 - /
xzlyz
%D 13 Xy [
= 7 |KFe2As2mmmm
=
E
,g 12 ¢ 7
n
- /
1 ——I——"'/ ‘
5 52 54 5.6 5.8 6 6.2
(hole doping) total filling (electron doping)

Similar evidences from

Ba,_K,Fe,As, - total filling from 6.25 to 5.0 \

against the individual orbital populati
Same as for cuprates!

Selective Mottness!

LDA+DMEFT: Ishida et al., PRB 81 (2010), Werner et al. NatPhys ‘12
Variational MC: Misawa et al.,.PRL 108 (2012)

0.6 + .
5
5 05 ) .
= 04 | Fe: z |
= ) Fe: xz—y2  —
€ 03 Fe: xz/yz i
.% / Fe: xy
g 02 total filling = 6.0 eeee
< 0.1 Cuprates-DCA sector (7,0), (holes) —— |

0 Cuprates-DCA sector (7t/2,7/2), (holes)
1 1.1 1.2 1.3 14 1.5
individual orbital filling
Strinking linear behaviour, when plotting Z

OIy

e

.

Each orbital behaves as

a doped Mott insulator

\

J

orbital decoupling, and
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The proximity to a Mott state strongly
affects the properties of a system:
! A, !
‘ n * reduced metallicity (Z~x)
— ISHEER * mass enhancement
Y i

* transfer of spectral weight from low to
high energy (e.g. in optical response)
* tendency towards magnetism

Spectrum of charge excitations



Hubbard model - DCA, U=7t, Gull et. al
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When plotted against the average orbital doping the experimental phase diagram
of iron-SC closely resembles the one for cuprates! (suppressing magnetism)

* a superconducting dome at 20% doping from a Mott insulator
* a phase with selective Mottness in between the two
* a good Fermi-liquid at higher dopings

A. Hackl and M. Vojta, New J. Phys.11 (2009)

Is then selective Mottness

Kou et al. Europhys. Lett. 88 (2009)

. o o Yin W-G et al. Phys. Rev. Lett. 105 (2010)
important for superconductivity? .\ 7 i o prys Rev. Lett 107 (2011)




Conclusions: [uca de Medici

* Overall coherence reduced. Mott transition at n=6 pushed far.

* Phase diagram dominated by Mott transition at n=5 (half-filling).
« Filling of the conduction bands 1s a key variable: correlations increase with hole doping
» Jacts as an “orbital-decoupler”’: suppresses inter-orbital charge correlations and

ﬁron superconductors: Hund’s coupling J has a key-role in tuning correlations \

favors orbital selective Mottness .

)
]

1.e. coexistence of strongly and weakly correlated

electrons in most of the phase diagram

(KFe2As2 heavy fermion)
Analogy with the pseudogap phase in the cuprates

nnnnnnn

K A common phase diagram?

4 LdM, G. Giovannetti, M. Capone, PRL 112, 177001 (2014) h
Perspective in book chapter:
LdM, “Weak and strong correlations in Iron superconductors”,in “Iron-based
\ superconductivity”, Springer series in materials science, vol 211, pp409-441 y
(" LdM. S.R. Hassan, M. Capone, X. Dai, PRL 102, 126401 (2009) Slave-spins can be a useful
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