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Introduction to ARPES

What do we measure?
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but bilayer splitting — we need different hv
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Angle-Resolved Photoemission (ARPES)
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ARPES with Synchrotron Light
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Basics: electron dispersion
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Photocurrent

geometrical prefactor

momentum and energy resolution

I(k,(ﬂ) — Gk{M(k)((ﬂ)]@Rm,k—l_B(w)}

matrix elements

extrinsic background
Fermi cutoff



| (k,w) - Energy Distribution Map | (k,w) - Momentum Distribution Curve
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Fermi-surface map







Momentum Distribution Map
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Momentum-energy space
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Bare band structure

What is underneath?



Fermi surface evolution
with doping
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Band structure: TBF

e(k,.k,)=Ae-21(cosk,+cosk, )+4t' cosk, cosk —21"(cos2k, +cos2k )

Ac~0.4eV

t=04eV

t'=0.1eV
t"=0.05eV
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Bare band structure

, Imunits}

o

e, EDC ., T

—f I B T
- i)
' . A
L)
i & 5 :
bl r A ol
T T T
2 -1 0 1

3 -
k, {n unils)
100+ N
80
60
40
HH .
20
HOH
0
1 1 I I I 1
0.05 010 0415 020 025 0.30

X

T
2

Energy (eV)

Sample t(eV) t'(eV) t" (V) tL(eV) Ae(eV)
OD 69 K 0.40 0.090 0.045 0.082 0.43
UD 77 0.39 0.078 0.039 0.082 0.29
2.0 -
1.5 -
1.0 5
0.5 -
0.0
-0.5 —
1.0 & ,
T T — | T T
0.0 0.5 1.0 1.5 20 25

Momentum (A")

Kordyuk PRB 2003



Good agreement with LDA
(no signhature of Mott insulator)

vHs I1s essential for HTSC



Quasiparticle spectral weight

What is relevant in ARPES spectra?



Nodal direction (GX)

No gap, simple bare dispersion.

Momentum



Extrinsic background
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Extrinsic background
depends on excitation energy
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One more complication: nodal splitting

Kordyuk PRB 2004



Nodal splitting

Ak = 0.012 1/A
Ae = 50 meV (bare!)
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1=
one use
superstructure-free high quality samples
with negligible k, dispersion (Bi(Pb)-2212)
and
rid of the background
and bilayer splitting effect,

one may get an access to the
guasiparticle spectral function.



Quasiparticle spectral function
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Quasiparticle spectral function
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Energy (eV)

Self-energy approach
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Self-energy approach: fitting procedure

() =02 ()~ )+
¥'w) = @W(w)\/k%(w) —W2(w)

S(0) = KK

Three parameters

bare band parameter: Vi or @

tail parameters: . and 7
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Kramers-Kronig transform 2'(®)=KK X"(®)
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Kramers-Kronig transform 2'(®)=KK X"(®)
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Kramers-Kronig transform 2'(®)=KK X"(®)

-
-
-

® (éV)

Kordyuk PRB 2005



Z’, Z" (eV)

Real Self-Energy N
E Y, i i -0.2 -
L O Yk -
020 1+ — ¥4, kink fit E .
| —— X' Kink fit e
: —— resolution effect 8 .
: + z“’I'(K—E’disp
0.15 — i O X" igth -0.6
o= Xk
| 0.8
0.10 - : = | | |
| 0.0 0.2 04 0.6
5 k (A7)
0057
vp = 3.824+0.17 eVA
0.00 =
A=0.87+0.12

Kordyuk PRB 2005



Real Self-Energy
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Phenomenology of the Kink
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Quasiparticle scattering rate

What Is the main scatterer?



Scattering rate Kink
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Scattering rate:

T-dependence Doping dependence
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Scattering rate: e
Some conclusions i1

There are two channels:

15t electron-electron scattering and
2hd electron-boson scattering
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Scattering rate Kink
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Nodal electrons couple to ...

Doping dependence: UD

OD|
Temperature dependence: spin
<T, for OD :
< T% for UD fluctuations

Parity: odd boson



Conclusions

“Careful and systematic analysis” of ARPES data implies
KK consistency.

“Kink” needs to be guantified!

Meanwhile, under “kink” we imply the kinked doping and
temperature dependent part of the self-energy. Besides
the huge Auger-like scattering this is the main interaction
channel seen by ARPES.

Kink appears below T* line on the T-x phase diagram.

Irrelevant “kink” can have many reasons: e.g.,
superstructure, bilayer splitting, superconducting gap or,
for overdoped samples, a sharp maximum of the ReX(m)
due to vHs approaching Fermi level.
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