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High-T. superconductors investigated with time- and

angle-resolved photoemission

Uwe Bovensiepen

Faculty of Physics, University of Duisburg-Essen, Germany
www.uni-due.de/agbovensiepen

(1) Relaxation of hot quasiparticles through
Cooper pair reformation in Bi,Sr,CaCu,Og 4

(2) Momentum-dependent quasiparticle dynamics in EuFe,As,
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intervalley scattering at the GaAs(110) surface

EMISSION INTENSITY

momentum-dependent hot electron relaxation

hv=10.7 eV, 100 Hz dye laser
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relaxation of hot electron distributions: 2TM
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W.S. Fann, R. Storz, H.W. K. Tom, J.Bokor PRB 46 (1992), 13592

two temperature model

transport dissipation opt. exc.

Ce(Te)He = V(kVTe) —|H(Te, TN+ S(z,1)

Temperature

T
(TG =[H (T, T))

Anisimov et al., Sov. Phys. JETP 39, 375 (1974)




energy (eV)

relaxation of hot electron distributions: 2TM

H. Petek et al.
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time-resolved photoelectron spectroscopy

probe:
6 eV, 90 fs
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temperature (K)
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time delay (ps)

absorbed fluence
F,ps=400 pJd/cm?
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transient temperature analysis



tr-ARPES on BSCCO: analysis of T(t)

F =500 pJ/cm?
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optical pump-probe experiments in HTSC

F =40 pJ/cm?
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1) Cooper pair reformation L. Rettig (U Duisburg-Essen)

R. Cortés, M. Wolf (FHI Berlin)
Y. Yoshida, H. Eisaki
(NIAIST Tsukuba)
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guasiparticle decay in metals and superconductors
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Kirchmann et al., Nature Physics 6, 782 (2010)
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 thermalization of
excited quasiparticles

e recombination into 0°' 45° =—=( 0°

Cooper pairs _
Fermi surface angle

®» analysis of elementary scattering processes in HTSC




Ronning et al., Science 282, 2067 (1998)
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Terashima et al.,
J. Phys. Chem. Solids 67, 271 (2006)

momentum-dependent
gap size of a d-wave SC

ARPES intensity at (r,0)
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SC quasiparticle
peak in ARPES




temperature-dependent spectra

Quasi-particle peak as indication
of the superconducting state
optimally doped Bi,Sr,CaCu,Og,; TTTT[TTLT I TTTT]
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coupled SC and QP density
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relaxation dynamics
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momentum-dependent population

o T[T T[T [TI T[T T [TITT[TL momentum-dependent population
2 0.8 |- 32 pdiem® ®» meta-stable antinodal quasi-particles
sc T 13 piem? ]
23 o6 W 1ewem -1 Howell etal., Phys. Rev. Lett. 92, 037003 (2004)
< 9 - ® 6plicm Gedik et al., Phys. Rev. B 70, 015405 (2004)
S 04 — '
g = B 7 w s
8 021 —
X _ - E. Ferrnrc=- )¢ lescineein
O-O'I'IIIIIIIIIIIIIIIIIIIIIII IIIIII'I' 1
20 25 30 35 40 45 0o 45° =—¢ 0°
& O Bi2212 '
1_,5 7291 K Fermi surface angle
~ B Co-Bi2212 .
k T 78K nodal QP: decay by e-e scattering
< 30- \ C o .
> m\ ONi-Bi2212 at the nodal point
(1)) 2 I.=85K /
£ m 2 Zn-Bi2212 / _ _
° 4 . T=85K /O antinodal QP: decay by e-e scattering
= .ﬁﬁ / essentially blocked
bie)
O
m [
O
0100 0) o

! ! ! T !

0 10 20 304050 60
Fermi surface angle (8)




Cooper pair recombination decay times
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L. Rettig (U Duisburg-Essen)

2) Momentum-dependent quasi- . corés, M. wolf (FHI Beriin)

J. Fink (IFW Dresden),
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electronic structure of the parent compound
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laser-ARPES
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hole pocket is observed,

good agreement to synchrotron data



trARPES Intensity (arb.units)

femtosecond time-resolved ARPES
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outlook: phonon excitation
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Recent development

pump 1.5eV
probe 6.0 eV
delay 100 fs y
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. position sensitive eTOF



summary

femtosecond tr-ARPES

=» tool to analyse momentum-dependent quasiparticle
relaxation in the time domain

superconducting Bi,Sr,CaCu,Og_

®» pump-induced changes specific to superconductivity
» metastable antinodal quasiparticles
» diffusion / decay limited Cooper pair reformation

ARPES intensity
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0.1 - -20 20

antiferromagnetic EuFe,As, AI(%)

=» anisotropic relaxation of electrons and holes (T<Tyg)

®» pronounced temperature dependence

» separation if photo-induced melting of antiferro- 5
magnetic order vs. single quasiparticle relaxation 02 k- t=100fs




Ultrafast Group at the University Duisburg-Essen

phd and postdoc positions available
Univ. Duisburg-Essen

L. Rettig

Fritz-Haber-Institute, MPG
R. Cortés (now at BNL)
M. Wolf

IFW Dresden
J. Fink

NIAIST Tsukuba
- Y. Yoshida, H. Eisaki

Univ. Gottingen
- P. Gegenwart, H.S. Jeevan

Acknowledgement % Federal Ministry

of Education i
SPP 1458, BO 1823/2 and Research T

D F Deutsche . Alexander von Humboldt
Fnrschungsgememschaﬁ Stiftung/ Foundation



