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Intro

Occam's razor:

"entities should not be multiplied
beyond necessity"

HTSC = LDA + Self-energy + PG
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HTSC = LDA + Self-energy + PG

BSCO (2212) .
YBCO (123) .



HTSC = LDA + quasiparticles?
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HTSC = LDA + quasiparticles?
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Photon energy - an important tool

k, (A7 Kordyuk PRB 2004



Energy

Photon energy - an important tool

photon energy 45 eV
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HTSC = LDA + quasiparticles

hv = 27 eV
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Quasiparticles ?
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Quasiparticles ?

L &
kl km kz G n E.I
0.0 = n L
e &
i —_—— > ?ooa
< 01- b = a t -0.01eV
30, ® /’ g = n’a
’ 0] T
© ’ E |:|:|:|:l=|=l'-‘='3:';':ﬁ:I ﬁk'E':':tl:|:|=|:|:|:|:|
’— ............... p— — E
i / a b
- — V4 o ©
L ' 7/ D':' ul:l
b rerererrerere s G-0tev
’ ,8(]() 2] B
| | | :|:|:|:|:|='=':‘:FFFFFI Ettth%
0.40 044 0.48 T | T
1 N
K- km (A )

Voigt profile = Lorentzian ® Gaussian



0.03- Bi-2212 OP 89 K T
T=30K o
. ., |
p B
I.' UEQ
Z0.02 ey A
= o ey
~— [ ,?iﬁ O
S . ;;%H'D“
IJEI‘:II
11

0.01 _jﬁ

0.00 —H :

Quasiparticles ?

B Kordyuk PRL 2004
. WL
i O Koralek PRL 2006

| | |
-0.05 -0.10 -0.15
o (eV)

0.00

<

w, (1/

0.03 H

0.02

0.01

OP 89K T=30K
OP89K, T=110K
OD75K, T=90K

0.00 :
0.00

| | |
-0.05 -0.10 -0.15
o (eV)

[Z"(w) - Z"(0)] / »

1.0 —
0.8
0.6 - G o f"'.—‘: f
R ‘_,.Dr- .
Pt b,
0.4 - r'b:_ . :-‘-‘.' _.:1",15“ £ iy
OE—-E;FJ :
T
0.0
I | [ |
0.00 -0.05 -0.10 -0.15
o (eV)

Evtushinsky PRB 2006




[Z(w) - Z"(0)] / @

well or not well defined quasiparticles ?
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[Z(w) - Z"(0)] / @

well or not well defined quasiparticles ?
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HTSC = LDA + quasiparticles
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T (sec)

HTSC = LDA + quasiparticles
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Self-energy structure
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¥ (eV)

Self-energy structure: two channels
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Self-energy structure: two channels

TN

0 e
E | '
© | '
o) l :
o I I
= , !
2 .

AF '

Doping level x

” (V)

0

Y (eV)

<T*
0.10 - >T*
2,
0.05 -
2z,
0.00 -
0.05 -
0.00 <
| | |
0.0 -0.1 0.2 03
o (eV)

Kordyuk PRL 2004; PRL 2006



Self-energy structure: Eliashberg function
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Self-energy structure
R ———

1. Self-energy = CHARGE + MAGNET|C



Self-energy structure
L ———

1. Self-energy = CHARGE + MAGNET|C
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Self-energy structure

1. Self-energy = CHARGE + IAGNETIC
2. WAGNETIC (o AND k ANDT ) ?
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Self-energy origin

ARPES and INS



Story of "fingerprints"

, Pb-Pb junction at 1.3°K
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Eliashberg equations
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What about HTSC?

v d-wave gap +
anisotropic electronic structure +
anisotropic spectra of phonons
Oor magnons

require
momentum resolved
experimental techniques: ARPES, INS



Constituents of quasiparticle spectrum

Ak, w)

7Y

Go(l, w) 2(l,w) & Ak, w)

bare electrons self- superconducting
Green function energy gap



Constituents of quasiparticle spectrum

bare Green function:  G,(k, w) from ARPES

self-energy: 3 (k, w) from ARPES
1l and INS
/_H
G,'+Gx =G

'bosonic' spectrum: X(a,Q) from INS



Constituents of quasiparticle spectrum

bare Green function:  G,(k, w) from ARPES

self-energy: 3 (k, w) from ARPES
[l

Gy +G*xG*xG=G"
I
ittinerant SF: ~~ X(a1,Q) from INS

and ARPES



Spin-fluctuations: ARPES and INS

Gy + G * X =G
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Spin-fluctuations: ARPES and INS
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w(meV)

Spin-fluctuations: ARPES and INS
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Spin-fluctuations: ARPES and INS
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Spin-fluctuations: ARPES and INS
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Spin-fluctuations: ARPES and INS
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General conclusions

1. Spin-fluctuations well describe
one-particle spectra in YBCO.

2. In particular, they solve the kink puzzle.

3. T.>150K:
spin fluctuations have sufficient strength
to mediate high-temperature
superconductivity.

PG ¢



Is 1t itinerant?
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Is 1t Itinerant?

bare spin susceptibility (Lindhard function):

|
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dynamic spin susceptibility (RPA):
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effective Hubbard interaction:
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It Itinerant?
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2. (k,w)

PG ¢



Pseudo-gap in BSCCO



Non-monotonic pseudo-gap in BSCCO
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Temperature (K)

Non-monotonic pseudo-gap in BSCCO
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Temperature (K)

Non-monotonic pseudo-gap in BSCCO
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Non-monotonic pseudo-gap in BSCCO
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2H-TaSe, crystal structure, CDW transitions

Normal
state

12.7 A 122K -

Incommensurate
CDW state
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» 2nd-order transition to an incommensurate CDW at Ty = 122 K

» 1st-order lock-in transition to a 3x3 commensurate CDW at T\, = 90 K
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Fermi surface: commensurate CDW state
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Pseudo-gap competes with SG
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General conclusions

1. HTSC = LDA + PG + Self-energy = QP

spectrum



General conclusions

1. HTSC = LDA + PG + Self-energy

2. Self-energy = CHARGE + MAGNET|C
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General conclusions

1. HTSC = LDA + PG + Self-energy = QP

spectrum

2. Selt-energy = CHARGE + MAGNET|C

3. WAGNETIC = QP % SF

spectrum spectrum




General conclusions

1. HTSC = LDA + PG + Self-energy = QP

spectrum

2. Self-energy = CHARGE +

3. - QP % |> I =
spectrum 150 K



General conclusions

1. HTSC = LDA + PG + Self-energy = QP

spectrum

2. Self-energy = CHARGE +

3. - QP % |> I =
spectrum 150 K

4. PG = Electron density modulation =

= incommensurate xDW (x=C, D, S...)



Outlook

1. xDW In cupates: x=C, D, Sor ... ¢

2. How xDW competes with SC ¢
3. What is PG origin at hight 7 ¢

4. How general is DW in 2D ¢



How general is DW in 2D ?
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Synchrotron Light
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