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Quasi-particle dynamics in HTSC (Bi2212)

equilibrium spectroscopy
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electron-phonon coupling and electron dynamics

25 ST e Mk 1987

Vorusme 89, Numurk 1l PHYSICAL REVIEW LETTERS

Fheory of Thermal Relaxation of Electrons in Metals

Philip B. Allen™’

h Labovatory, Washington, D.C. 20375

ondensed Matter Physics Branch. Nacal Resears
ved 6 July 1957)

METALS
in oaome a lemperature greater than the lattice temperature 74, the

fure 1N cll, Jl-.ry(ll I,l which » l-ll‘ul lor

Aa®) = /M is an important parameter in

it with recent experiments is good

2-temperature model temperature evolution

ol Gl T s
(ltlt )_|_p G/Clat

A=0.2  Fpypp=100 piem’

. e o determines th

etermines the - — AT.(K)
B Te dynamics in the — AT, (K)
e time domain

Gy, Ty, Te.) = i /OOO dOIL, (Q)Q?[N(Q, Tp) — N(Q, 1))

e-ph coupling: bosonic function
NGSCES, Portoroz 24-29 June 2012 W

C. Giannetti




electron-phonon coupling in metals

T.(0)
(K)*

590

650

716

1200

700

790

T 820
Pb 570
NbN 1070
ViGa 1110

Aepl@ ™)

(meV*-)

29%4

23*4

128X 15
1H2x15
280 * 20
320 % 30
350 % 30
45%5
640 * 40
370 £ 60

(w?)
(meV?)

377°
178°
9871
425°
352
275¢
601°*

3
673

448"

Aervp

0.08 £0.0]
0.13x0.02
0.13X0.02
0.26 X 0.04
0.80 £ 0.06
.16 X0.11
0.58 £0.05
1.45X0.16
0.95X0.06

S.D. Brorson et al. Phys. Rev. Lett. 64, 2172 (1990)

e-ph coupling Considering non-thermal distribution (Te-e>Te-ph):
A=2 [ II1(Q) /QdS)
AMw®) =
T(Q)=a2F(Q) 3 NTe_ph

V.V. Kabanov and A.S. Alexandrov, Phys. Rev. B 78, 174514 (2008)
C. Gadermaier et al. Phys. Rev. Lett. 105, 257001 (2010)
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Quasi-particle dynamics in HTSC (Bi2212)

single-color experiments on superconducting cuprates at low temperature

a lot of works from the Ljubljana group...

N. Gedik et al., Phys. Rev. Lett. 95, 117005 (2005)
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Y.H. Liu et al., Phys. Rev. Lett. 101, 137003 (2008)
for T<T. slow dynamics described by Which is the origin of the
Rothwarf-Taylor equations reflectivity variations at 1.55 eV?
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Other time-resolved techniques (Bi2212)

Time-resolved photoemission
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L. Perfetti et al.,
Phys. Rev. Lett. 99,
197001 (2007)
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epeyond the 2-temp. model:
strong coupling with a subset
of phonons
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Other time-resolved techniques (Bi2212)

Exploring the entire

: _ J. Graf et al. Nature Physics 7, 805 (2011)
Brillouin zone

C.L. Smallwood et al. Science 336, 1137 (2012)

R. Cortés et al.
Phys. Rev. Lett. 107,
097002 (2011)
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Other time-resolved techniques (Bi2212)

Time-resolved electron diffraction Time-resolved Raman scattering
\ pulse spectral width
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R.P. Saichu et al., Phys. Rev. Lett. 102, 177004 (2009)
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Breaking the Speed Limits of Phase-Change Memory

A Amorphous Crystalline D. Loke et al. Science 336, 1566 (2012)
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LT—GaAs
impulsive ultrafast switch

photocurrent <| ps
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Governing ultrafast the conductivity of correlated materials

GOAL: Development of theoretical and

experimental tools to achieve the optical
control of electronic phases in strongly- PROGRAMME
correlated materials

SEVENTH FRAMEWORK

o Time-dependent DMFT (SISSA)

e Time-resolved broadband \; /7
spectroscopies (THz-visible) . /

charge-transfer

(Brescia, Trieste, Nijmegen)

® Time-resolved photoemission
(Duisburg, Orsay)

e Time-resolved X-ray diffraction,
electron diffraction (Duisburg)

+
Micron Technology, Inc.
MenloSystems GmbH
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Non-thermal quenching of superconductivity

Non-thermal photo-induced phase transition

(Bi2212)

e fluence constraint for experiments < 70 pJ/cm? (underdoped, T=20K)
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R.A. Kaindl et al. Phys. Rev. B 72, 060510R (2005)

P. Kusar et al. Phys. Rev. Lett. 101, 227001 (2008)
C. Giannetti et al., Phys. Rev. B 79, 224502 (2009)
G. Coslovich et al., Phys. Rev. B 83, 064519 (2011)
L. Stojchevska et al. Phys. Rev. B 84, 180507 (2011)
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first or second order?
In non-equilibrium conditions
Fsc(PT,n) = Fn(PT,N)

before complete closing of Asc(T)

E.J Nicol and J.P. Carbotte
Phys. Rev. B 67, 214506 (2003)
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Role of the inhomogeneities in the excitation process

Time-evolution of the order parameter within
Ginzburg-Landau model in CDW materials
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R. Yusupov et al., Nature Physics 6, 681 (2010)
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Photoinducing transient superconductivity

possible routes to control superconductivity

 Optically removing competing orders
« Effective cooling of low-energy excitations through THz pumping (Tinkham)

* Photoinducing changes in the electronic structure of correlated materials

D. Fausti et al.,
Science 331, 189 (2011)
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Optical properties of a cuprate superconductor

extended Drude

i Lorentz oscillators

low-energy high-energy
excitations excitations

Problems of equilibrium
optical spectroscopy:
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optimally-doped Bi2212. Data from van der Marel’'s group
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time-resolved broadband spectroscopy

time+spectral resolution
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impulsive closing of the SC  dynamics of high-energy €
gap (w)

differential model

Fit function: J€ = €exc — €egq q 5—R(w,t) 2 Rexc(w,t) 5 Req(w)
Reg(w)

R
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Time-resolved optical spectroscopy

problem:
avoid non-thermal destruction of the superconducting phase transition

Low-fluence (<20 pud/cm?) and high rep.rate = supercontinuum by a photonic fiber

Spectrogram of a supercontinuum pulse

F. Cilento et al., Appl. Phys.
Lett. 96, 021102 (2010)
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R.A. Kaindl et al. Phys. Rev. B 72, 060510R (2005)
P. Kusar et al. Phys. Rev. Lett. 101, 227001 (2008)
C. Giannetti et al., Phys. Rev. B 79, 224502 (2009)
G. Coslovich et al., Phys. Rev. B 83, 064519 (2011)
M. Beyer et al., Phys. Rev. B 83, 214515 (2011)

L. Stojchevska et al. Phys. Rev. B 84, 180507 (2011) W
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Time-resolved optical spectroscopy on Y-Bi2212
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Bi>Sr>Can.92Y0.08Cu20s8+8 C. Giannetti et al., Nature Commun. 2:353 (2011)
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