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Low-Energy QuasiParticle
spectrum X=2"+12"

* |s quasiparticle approach valid ?
 ARPES vs. Transport ?

 Nature of interactions in HTSCs ?



Questions to behavior of
X'"~1/t

o Offset at —O0andatT — 0 ?
* Behavior near T ?

* Evolution with doping?



Problems

« How to remove resolution effects
accurately?

R-?

* How to disentangle impurity scattering
from quasiparticle interaction?
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Total response function
R=R , ® R
* R,— Analyzer

e Remains constant

* Easy to measure

* R,— Sample Surface

 Varies with space and time

e Difficult to measure



Energy

Processing of ARPES Image
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Spectral Function Extraction from

< A(k, ®)®R(k, »)

We measure
We are interested in A (k, ®)

We need to remove K (&, )
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Momentum Resolution

Y(k,0)=2(w) M(k)=const (k) linear

Without resolution effects MDC is perfect lorentzian:

1 2" (@

L) = Ak = S
7 (vo(k—kmx)) + (2" (@,))

Real MDC is a convolution between pure signal and resolution:

MDC(k):L@R:jL(k—K)-R(K)-dK

kZ
|
Where resolution is a gaussian:  R(k) = e’
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Real MDC = Pure MDC
(Lorentzian)



Real MDC = Pure MDC &® Resolution
(Lorentzian) (Gaussian)



Real MDC = Pure MDC &® Resolution
(Lorentzian) (Gaussian)

Lorentzian ® Gaussian = Voigt profile



Real MDC = Pure MDC &® Resolution
(Lorentzian) (Gaussian)

Lorentzian ® Gaussian = Voigt profile

What 1s Voigt Profile?



Voigt Profile

V(k)=L®G = | L(k—x)-G(x)-dx
Where L 1s a lorentzian, and G is gaussian. HWHM WL and WG

_ 1 _/In(2) B 2 2
L(x)= L G(x)= WGﬁ exp(=In(2)-x"/W,")

HWHM of Voigt profile, Wy;:

w, W
WVz2L+\/4_L+WG error< 1.2 %
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Lorentz, Gauss

L, G: 1
1. Offset 0] —G
2. Max position — L
3. Amplitude
4. Width

HWHM
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max position



Lorentz, Gauss and Voigt

L, G:
1. Offset
2. Max position

3. Amplitude
4. Width

One more parameter:

5. =W /W,

10 —

n—0 Voigt —Lorentz

HWHM
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n— Voigt —-Gauss , _

max position



Old Procedure of Self Energy Extraction

Lorentz-Fit

Overall
width



New Procedure of Self Energy Extraction

Lorentz-Fit

Overall
width

Voigt-Fit

—>

Intrinsic width
and
resolution




® Data

Fit:

--- Lorentzian
-------- Gaussian

—— Voigt profile

Ul
l

MDC

Shape

Intensity
AN
]

O
N
]

(@)
()
|

'BErrors

O
NN
]




d| Bi-22120P 89K, T=110-135K

X(®) from - 3

Voigt fit:

Voigt Fit
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d| Bi-22120P 89K, T=110-135K

Z((D) fr()m %07 Voigt fit:
Voigt Fit 0
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2(®) from
Voigt Fit

Overall width,
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d| Bi-2212 0P 89K, T =110-135K

X(®) from -
Voigt Fit

Voigt fit:
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Examples of Voigt fit Application to
ARPES Data

BSCCO
e x=0.21
* x=0.16
e x=0.12

YBCO
Temperature dependence
Comparison to high-resolution data



Examples on BSCCO
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eV

eV

Voigt Fit in application to YBCO
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Temperature dependence of scattering rate
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Temperature dependence of scattering rate
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Comparison to the low-energy high-

R~(hv—) 12

RGeV LASER/ R27eV synchrotronzo'25

J. D. Koralek et al., PRL 2006

resolution data
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Justification of
Voigt Fit procedure

A. MDC Lineshape
B. w-dependence: WG(w)=const

C. YBCO: different images give same result while exposed to
Voigt Fit procedure

D. T-dependence: while WG exhibits almost random and
strange behavior, WL(T) always increases with
temperature

E. Purified by Voigt Fit data coincides with high-resolution
data (Koralek PRL 2006)



Justification of
Voigt Fit procedure
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B.
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w-dependence: WG(w)=const

YBCO: different images give same result while exposed to
Voigt Fit procedure
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strange behavior, WL(T) always increases with
temperature

Purified by Voigt Fit data coincides with high-resolution
data (Koralek PRL 2006)



Justification of
Voigt Fit procedure | .

A.

B.

MDC Lineshape

w-dependence: WG(w)=const
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strange behavior, WL(T) always increases with
temperature

Purified by Voigt Fit data coincides with high-resolution
data (Koralek PRL 2006)



Justification of
Voigt Fit procedure '

A.

B.
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Justification of
Voigt Fit procedure

A.

B.
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MDC Lineshape

w-dependence: WG(w)=const

YBCO: different images give same result while exposed to
Voigt Fit procedure

T-dependence: while WG exhibits almost random and
strange behavior, WL(T) always increases with
temperature

Purified by Voigt Fit data coincides with high-resolution
data (Koralek PRL 2006)



Justification of | v ot

A.

' ' ' e
Voigt Fit procedure ﬁﬂ
z
' i
MDC LlneShape 0.01—;:;&%
ﬁ& lek PRL 2006

B.

w-dependence: WG(w)=const
P e @y

YBCO: different images give same result while exposed to

Voigt Fit procedure

T-dependence: while WG exhibits almost random and
strange behavior, WL(T) always increases with
temperature

Purified by Voigt Fit data coincides with high-resolution
data (Koralek PRL 2006)



Most interesting part ©



Z A (w)
behavior in
vicinity of
Fermi-level
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Reduced self-energy function
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Temperature dependence of scattering rate
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ARPES
VS.
Transport



MDC Width: 0.030 vs 0.004 1/A

0.00

-0.10

-0.20

-0.30

Yoshida's MDC used to
calculate resistivity.
HWHM=0.03 1/A

Compare to result, obtained
by Voigt-fit procedure:
0.004 1/A.

Yoshida Physica B 2004



T from ARPES and Resistivity
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Po = 2
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Forward and Isotropic Scattering

Forward, 7, [sotropic, 1,

—

\\l,
~

ARPES: /=17 /+7/

c 1= -1 e -1
Transport: /= 7//+ a7’ |, a<<l



Quasiparticle
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Impurity scattering

m %
Po = 2
ne 17
forward and isotropic (unitary)?
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Resistivity from ARPES

2
Simole Drude f Ia: _hert Note that m* is calculated from
Imple Drude tormula: O = % renormalized dispersion.
m n=(1-x)

How resistivity changes if we take in to account some extra features?

Two kinds of scattering: R<
ARPES: /= 7;/+7;!
Transport: /= t//+ 77!, 0<<I

Forward, T

i o
Isotropic, 7; ©

Inhomogeneity: RT

»
n-~ (1'Vm) nd + Vm nm ‘
V.. — metallic phase volume | - *

- a



Conclusions

Quasiparticles are

well-defined

Non-zero 2"(T=0) = 16 meV

No drop at T

> depends rather on dopants than on x

To compare to transport we need to
disentangle 1sotropic and forward contributions
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disentangle 1sotropic and forward contributions



Conclusions

Quasiparticles are | La

well-defined

Non-zero X"(T=0) = 16 meV
No drop at T

2 depends rather on dopants than on x
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Conclusions Forward

G
. . Isotropic ¢
Quasiparticles are \
well-defined c ’-\-; ------------------
Non-zero 2"(T=0) = 16 meV \\g

No drop at T
> depends rather on dopants than on x

To compare to transport we need to
disentangle isotropic and forward contributions



2" (w,T) asymmetry

£"(w =0,T)= S(TTT)
"(0,T)=S(0)+S(rT) —> X" (w,T=const)= S(w)+const
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Energy resolution in Foigt fit

< Ak, ©) ®R(K, o)
R(k, o)== R&®R_

Energy resolution has almost the same
effect on the MDC shape as momentum
resolution, so both R_and R, are taken
into account by Voigt-fit procedure.



Pure MDC - Lorentzian
Real MDC = pure MDC ® Resolution - Voigt

—8— Real MDC
—8— Pure MDC




Scattering mechanisms
Gap — DOS — X

opening change change

Inelastic e - € scattering :

> (@) o j j dw,dw,DOS(w,)DOS(w,)DOS (& - @, — ®,)

2.5 -

z¢ (o) ~ 0%, T>T¢ _
2 (o) ~o", n=3, T<T.

Scattering on impurities :
" imp0) o j DOS(w— Q)+ Nimp(Q) - dO

® X%, (®)~DOS(w) ~const , T>T
o Z“imp((’o) ~@®, T<TC 200 100 0 ' 100 ' 200

Sample bias (mV)

Differential conductance (nS)




