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QPI : no introduction needed
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Puzzle 1 : Cuprates at high voltage

V=15A

No peaks inthe
central Brillouin Zone

I+

Satellite peaks in the /
first Brillouin Zone ~

Data from Wise etal (Nature Physics 2008)
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Puzzle 2 : complex phase
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Random position of impurities

ximp =0 ximp + 0
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i=impurities

See also the talk by Huan Yang
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New idea: Holographic Maps

he(q,w) = g(q,w) g°(q + G, w) 14

G: inverse Bravais vector

1. Independent on the position of impurities:

hG(q, a)) ~ eiqxi e_i (q+G)x; = etii =1
Properties:

2. For G = 0 > holographic maps = intensity map
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Holographicmap: G = (1,0)

h-map Phase sensitive
g-map - B S g-map

’\
N
N
N
. .
e e
. \\
N . N .
L ~ . < .
q AN . s .
N9 3¢
4 % X
q AN .
// \\ . ~
. N N
/, N \\
. . e p N
’ N ’
.
.
.
-
.
;
:
.

AnaD

|
VAN

1
1IAnIaT

s

. g s
.
wn ,.,-r
e

ciiann Aan

I | | J
[nhA\LinN R cT AT ety

h(q,w) = g(q,w) g*(q + (1,0), w)
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Holographicmap : G = (1,1)

h-map

Phase sensitive
g-map
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h(q,w) = g(q,w) g*(q + (1,1), w)
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Phase sensitive STM

Our g-map

Bar-llan University

“d-form factor CDW”

Hamidian,..., S. Davis, S. Sachdeyv, etal
(Nat. Phys. October 2015)
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“There is no CDW, only Friedel oscillations”

fk—q - fk
= h(W + l5) + Ek—q — Ek

x(q,w) = v,

€, = —2t cos(ky) + cos(ky) — 4t’ cos(k,) cos(ky)

NCCO

Bi2201

-0.3 :0.24
-6 ] 3t
: : - - A - 0.2 0.3
04 -02 0 02 04 05 0 05
D. Dentelski et al, unpublished
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Why differences between Brillouin zones?

Grrq = Golk, ) T(k) Go(k + q, w)

S/

g-independent Periodic (Bloch theorem)

=15 -05 05 15
qX/21t

Wannier functions = subatomic details

900, @) = ) WK) Grjerg Wk + )
k

™~

Not periodic

Podolski etal (PRB, 2003). See also talk by Andreas Kreisel
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From Wannier functions to g map
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Resulting g-map
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Main result: Wannier function

-1.5
Agrees with
-0.5
o Zhang and Rice
0.5 (PRB 1988)
1.5 - -
-15 -05 05 15

x/a

Similar conclusion by:

Kreisel etal (PRL 2015), Choubey etal (PRB 2017)
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lIron Based Superconductors

O T T T T
Du etal, Nat.Comm. 1g etal, PRL (2015)

(LiFe)OHFeSe @ 14 /SrTiO3 @ 10meV

~ ~n “AA arA ~An
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Holographic map - experiment

V =-24V; Direction index:5; Magnitude coef.:2¥10°5; shifted [0,0]
V =-24V; Direction index:1; Magnitude coef.:2¥10°5; shifted [0,0] Yes conjugate;Yes convolution
Yes conjugate;Yes convolution 0 ' ‘ ' *
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Holographic maps - theory
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Joseph Rubin et al, unpublished
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Main result: Wannier function
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Summary

High resolution STM Wannier function
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EG Dalla Torre, Y He, D Benjamin, E Demler, New Journal of Physics 17, 022001 (2015)

EG Dalla Torre, Y He, E Demler, Nature Physics 12, 1052—-1056 (2016)

EG Dalla Torre, D Benjamin, Y He, D Dentelski, E Demler, Physical Review B 93, 205117 (2016)
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Intermezzo : “there is no CDW, only Friede
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Intuitive interpretation

W(x,y)=296 (x — %) S(y)+6 (x + g) 5(y) W(E) — oS (%) _ cos (%)
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Periodicity of the Wannllgr function = Periodicity of the g-map

Bar-llan University Emanuele Dalla Torre QU EST L S

BAR-ILAN UNIVERSITY

http://www.nonequilibrium.org



