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OUTLINE

AFe;Se;

What is the weak-coupling prediction for the pairing state?
What is the effect of hybridization (spin-orbit coupling)?
Can neutron scattering distinguish different pairing states?

cf. M. Khodas' talk yesterday

Kreisel, Wang, Maier, Hirschfeld & Scalapino, arXiv:1308.5683



KFe,Se; — Qualitatively Different?

ARPES

- No hole pockets, only electron pockets around M
- Simple spin-fluctuation arguments for s* don't
work

Neutron scattering

- 245 Fe vacancy phase
- Insulating 2 x 2 block AF state

Qian etal., PRL2011

with p=3.31us/Fe and T = 559 K °

STM, etc.

- Evidence for phase separation
between SC and AF phases

LI Fe vacancy order site



Itinerant - weak coupling - RPA approach

Models and pairing calculations ~ °[—DFT bandstructure Krezse; —

- DFT bandstructure calculation for
KFe;Se;

- 5-and 10-orbital tight-binding fits
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RPA Theory |

Microscopic Hamiltonian — Multi-orbital Hubbard-Hund model

H = H0—|_ UZ”,@T”,£¢+ U Z NigNigr +J Z /EJ 160 Civo /EJ_l_J/ Z CIIT /€¢ /£¢ IET

10 <t i <tl,oco’ i0' AL
/‘\ A A
Multi-orbital tight-
binding model obtained Hund’s rule coupling Pair-hopping term
from fitting LDA
bandstructure
\
Intra- and inter-orbital — Spin rotation invariant
Coulomb interactions parameters: U = U'+J+/

— Typical values:
U~1eV,U~05eV,)=)~0.25eV



Spin Fluctuation Theory of Pairing —
Random phase approximation

Spin/Charge Susceptlblllty Q Q—Q

XRPA(q w) XO(q

1+ UXO(CI w) Q_Q_Q .
xo(q, w) = / (d f(eptq) — flep)

27)3 W — (€ptq — €p) + 10

Pairing interaction  Berk,Schrieffer 1966
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... RPA Theory

Pairing of electrons in Bloch states

Fi(k k') =Re > a2*(k)ap™ (= k)T oyeyese, (k, k' w = 0)al (K" alt (—k')
0105038,

Pairing strength for SC gap
S5 $e oty e, oy &(KIT ik, K)g(K')

_ vr (k)
Ag(K)] = CETSR A

Gap equation from statlonarlty

dk’
—27{ 2m 27Tv,:(k/ [i(k k")g(k") = Ag(k)

|

=5C gap at T=T,




Neutron resonance within RPA

Neutron Resonance

- Spin susceptibility in superconducting state

x ~ GG + FF

- BCS coherence factor Yrea(w)

T 1 Ux(w)
~ A(k+ q)A(k)
E(k + q)E(k)

Xrra(Ww)

1

- Resonance in X"(q,w) at g when

A(k+ q)A(k) <0

at w S |A(k+q)| + |A(k)]

A+ )| + |AK) J
Bulut & Scalapino 93



Predictions from 5-orbital (1 Fe) model

Superconducting gap _~ Park et al, PRL 2011
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122 symmetry and d-wave gap nodes

PHYSICAL REVIEW B 84, 024529 (2011)

3

Symmetry analysis of possible superconducting states in K,Fe,Se, superconductors
I. I. Mazin

Code 6393, Naval Research Laboratory, Washington, D.C. 20375, USA
(Received 4 May 2011; revised manuscript received 8 June 2011; published 25 July 2011)

d-wave in unfolded zone develops nodes after folding




Possible gap structures

Fang et al., Maier et al,, Fang et al, 2011 Mazin 2011, Khodas &
Saito et al,, 2011 Chubukov 2011
quasi-nodeless d bonding — antibonding s*

Hirschfeld, Kurshunov & Mazin 11

N

normal .
(a) X b) (k*5T)

Khodas & Chubukov ,PRL 2012 hybridization/ellipticity > 1



RPA calculation for 10-orbital (2 Fe) TB model

Wannier TB fit of non-relativistic
WIEN 2k bandstructure

H() — XXXZ‘;}Z/CQGCJ-@G

c 1] .

x =0.12 electrons/Fe x = (.25 electrons/Fe
KogFe175e; KogsFe1.75e;

Kreisel, Wang, Maier, Hirschfeld & Scalapino, arXiv:1308.5683



Leading gap structures:

A=1.9
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d-wave has quasi-nodes

<n>=6.12; dxz-yz-WaVE
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— “Nodal thickness” infinitely

small

<n>=6.25; dy-y2-wave
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— Nodes on Z-pocket - inconsistent

with ARPES?  M.Xuetal, PRB2012
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Absence of hybridization - unfolding

<n>=6.12

unfolding Q=(T[,T[;T[)

KFeSe orbital characters
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Absence of hybridization - unfolding

<n>=6.25 unfolding Q_=(T[,T[;T[)
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Why is the d-wave favored?

Partial contributionsto A =) Ay
T
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Effect of band hybridization

Consider spin-orbit coupling on Fe d-orbitals

Hso :Aggz Y LS

[ O=x,y,2

- Project eigenstates onto majority spin component (and re-normalize)
- Bands calculated with A = 0.05 eV describes DFT bands with SO well
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Leading pairing states with SO coupling

Partial contributions to A

| | | | | | |
k-0 51.,out - 61,0ut51,0ut - 62.,out 61,out - 61,1'71 61,1'71 - 51,1'71 51,out - 62,2'71 51,m - 62,in

Relative change with and w/o SO coupling

dle_.y2

gD > Enhanced interpocket scattering stabilizes
d, i3 . . .
LTS bonding-antibonding s-wave state



Angular structure of d-wave gap

d-wave gap vs. angle on inner/outer (,0), inner/outer (0,1r) and Z sheets
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Summary: Pairing state in KFe;Se;

Spin-fluctuation
theory

Khodas and Chubukov, PRL 12



Neutron scattering - electron doped system -
no SO coupling

d-wave gap on unfolded FS

g=(1,0.5811,0), <n>=6.2, U=0.88, J=0.22
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Xsc(a,w) - Xn(q,w)

Neutron scattering - transverse momentum scans -
no SO coupling

d-wave gap

isotropic s* gap
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Xsc(a,w) - Xn(a,w)

Neutron scattering - Transverse momentum scans
- SO coupling A=0.05

isotropic s* gap RPA d-wave gap Experiment
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Summary & Conclusions

5D 10-orbital (2-Fe) model RPA studies of pair structure and
neutron scattering response

dx-y2 pairing state is leading, with dyy and xs™ subdominant

dx2+y2 gap has vertical or horizontal quasi-nodes due to
negligible hybridization

Hybridization due to SO coupling stabilizes xs*, but dy..y2 still
leading

Realistic model based on DFT is in small Kes Limit

Both gaps have resonance in neutron scattering and are hard
to distinguish



