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are such propagators important?
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gapped degrees of freedom=> beyond particles (BCS)
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what’s the extra stuff?
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Fermi Arcs?
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What happens when Luttinger’s theorem
Fails?
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H. Ding
1406.0983

poles

Friday, September 5, 14



what do Fermi arcs and LiFeAs have in common?

H. Ding
1406.0983

poles

gapped state

vanishing
propagator

Friday, September 5, 14



what do Fermi arcs and LiFeAs have in common?

H. Ding
1406.0983

poles

gapped state

vanishing
propagator

Re G<0

O.\Q

0

000000p
N

N

N

N

N

(0,0)

(m,0)

Friday, September 5, 14



Mott mechanism
(not Slater)

Sir Neville

Friday, September 5, 14



Mott mechanism

10 insulates
? (not Slater)

perhabs this

COSts ene_rg‘

Sir Neville

Friday, September 5, 14



10 insulates
?

perhabs this

COSts ene_rg‘

Sir Neville

Mott mechanism
(not Slater)

U>t

Friday, September 5, 14



Mott mechanism
(not Slater)

10 insulates
?

perhaps this
costs ener

A t!
O O
© | o U >t
=0

Sir Neville

Friday, September 5, 14



Mott mechanism
(not Slater)

10 insulates
?

perhaps this
costs ener

A t
il
© | o U >t

=0

no change in
size of
Brillouin zone

Sir Neville

Friday, September 5, 14



Mott Problem

Friday, September 5, 14




Mott Problem

Im G=0

X0 |
o | -Kronig

Friday, September 5, 14



Mott Problem

!

)

W

Im G=0

Kramers

dw ,
-Kronig

below gap-+above gap




Mott Problem

!

)

W

Im G=0

Kramers

dw ,
-Kronig

below gap+above gap|= 0




Mott Problem

uzo/

v

Im G=0

-Kronig

) 7 Kramers

W

below gap+above gap|= 0

DetG(k,w =0) =0

(single band)




Mott Problem

Im G=0

X
o | -Kronig

below gap+above gap|= 0

DetG(k,w = 0) = 0 |(single band)

DetReG(0,p)=0 || Mottness

Friday, Se ptember 5 , 14



Mott Problem

waon- [ (N[ [
o | -Kronig

W

Im G=0

below gap+above gap|= 0

DetG(k,w = 0) = 0 |(single band)

DetReG(0,p)=0 || Mottness ||not true in MF theories

Friday, Se ptember 5 , 14



Luttinger theorem:
singularities of InG

_ 21 d ’ GR(gap)
" ama /d p/_oo deln GR(& p)

Friday, September 5, 14



Luttinger theorem:
singularities of InG

d
27rd+1/d / dfln

n=2% O(RG(k,w=0))

Friday, September 5, 14



Luttinger theorem:
singularities of InG

d
27rd+1/d / dfln

n=2% O(RG(k,w=0))

poles+zeros
(all sign changes)

Friday, September 5, 14




Luttinger theorem:
singularities of InG

d
27rd+1/d / dfln

n=2% O(RG(k,w=0))

poles+zeros
(all sign changes)

@

@

Fermi Liquids Mott Insulators

Friday, September 5, 14



also, pw anderson, tm
Rice, Tsvelik,etc.

Friday, September 5, 14




Is this famous
theorem from
1960 correct?
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what is the extra stuff?
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unparticle (AdS) propagator has zeros!
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what happens at the boundary?
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How is the spectrum modified?
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How is the spectrum modified?
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Fermi Edalati,Leigh, PP PRL, 106 (2011)
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Mechanism (2009)¢ operators
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log-oscillatory

k_F moves into log-oscillatory region: IR
O+ acquires a complex dimension
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s the log-oscillatory region
necessary?

Friday, September 5, 14




No

Friday, September 5, 14



Schwarzschild/AdS
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Pauli term breaks chiral symmetry
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helicity on the boundary
(scaling dimension)
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+k and -k have different scaling dimensions
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+k and -k have different scaling dimensions

hidden duality
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Flow equations

vy (u) = w+ Qq(1 — v~ )] + Qpu**
f(u)
Er = (L =1/¢
p— —P
k — —k

u /(1) 0uCe = +2(mL)uCs — [v_(u) F k] — [vy(u) £ & (2,

Green functions are -inverses of one another!!

DetGr(w, k;m, p) =

DetGr(w, k; —m, —p)
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poles — zeros
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Reissner-Nordstrom/AdS

—pP =P

poles — zeros

/N

hep-th: 1404.4010
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Schwarzschild/AdS
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General Result

Parameter choices | G4 (w,k;m,p) | DetGgr(w, k;m,p)
k< —k G+ (w,—k;m,p) —
m = 0 1 1
p p— O G:l: (wa_k)
T # 0 —1 1
D # 0 Gy (w,—k;—m,—p) DetGr (w,k;—m,—p)

Gap is due to zeros not
vanishing of Z!
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General Result

Parameter choices | G4 (w,k;m,p) | DetGgr(w, k;m,p)
k< —k G+ (w,—k;m,p) —
m = 0 1 1
p p— O G:l: (wa_k)
T # 0 —1 1
D # 0 Gy (w,—k;—m,—p) DetGr (w,k;—m,—p)

Gap is due to zeros not

vanishing of Z!

Mott problem
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Fermi arcs?
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Fermi arcs?

consider

ipl’ ,, FPY — apI' T, B
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Fermi arcs?

consider

ipl’ ,, FPY — apI' T, B

=" %)
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Fermi arcs?

consider

ipl’ ,, FPY — apI' T, B

=" %)

-k and +k have different sign for the
Pauli term!!
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zeros-pole duality
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zeros-pole duality

ipL'T,,, F*

coexistence of zeros
and poles
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zeros-pole duality

ipL'T,,, F*

coexistence of zeros
and poles

Fermi arcs

Friday, September 5, 14




zeros-pole duality

ipL'T,,, F*

coexistence of zeros
and poles

Fermi arcs
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zeros-pole duality

coexistence of zeros

ipl'T Y and poles

Fermi arcs

\4

effective spin-orbit
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Superconducting Instability with unparticles

ladder approximation

1 = )\TZ ‘wnE|2GU (wna E) GU <_wn7 _E> ,

nk
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tendency towards pairing (any instability
which establishes a gap)
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tendency towards pairing (any instability
which establishes a gap)

see also, dresden group,
1407.8492
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prediction: algebraic pairing susceptibility

G (Ak,iAw,) = AV PG(k, iw,).
0,6 = 3 G (—k —iw,) G (k,iw, + i)
X 77/ T N y n y n

n,k
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prediction: algebraic pairing susceptibility

G (Ak,iAw,) = AV PG(k, iw,).
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prediction: algebraic pairing susceptibility

G (Ak,iAw,) = AV PG(k, iw,).

see also J. Zaanen
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zeros-poles duality (Fermi arcs)
chiral symmetry breaking??
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