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raditional signature of Fermi liquids
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What are the Fermi-Liquid fingerprints in optics ?

P SroRuO4 as an example

Can we understand the non-Fermi-liquid behavior
above ~ 0.1 eV ?

R Echnpaic with IDET TDME
> Resilient quasiparticles

What does it teach us about SrRuQOy4 ?
> A simple model : from Tc to 1300 K



Gurzhi et al. JETP 35(8), 673 (1959)
Berthod et al. PRB 87, 115109 (2013)

Oca‘ Ferml-‘quK:l I”egimes Ia OptiCS Gotze & Wolfle PRB 6, 1226 (1972)
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* Non Drude « foot » of the optical
conductivity

* Scaling of the optical scattering rate

* Universal scaling factor p = 2

Topt O [ + (prkpT)]

O

log(Ww)
Strangely enough, this precise form (including factor 2)
was not experimentally demonstrated from optics until now !
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Berthod et al. PRB 87, 115109 (2013)

Fermi liquid regimes in optics Gotae & Wolfle PRE 6, 1226 (1972
Drude (classical @= 129/47T I
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Thermal (interacting electrons)
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* Non Drude « foot » of the optical
conductivity

* Scaling of the optical scattering rate
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* Universal scaling factor p = 2
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log(Ww)
Strangely enough, this precise form (including factor 2)
was not experimentally demonstrated from optics until now !
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> p-wave symmetry of the SC

3.

Known Fermi-Liquid Tr. ~25 K

P [ransport
Hussey, PRB 57 5505 (1998)

» Quantum oscillation
Jaudet, PhD Thesis (2009)

B RPES

Bergemann, Adv. Phys. 52,7 (2003)

phase

Kallin et al., Rep. Prog. Phys. 75,042501 (2012)

Lomiie

P Fermi-liquid properties not

hidden by SC

Mackenzie et al., PRL 80, 161 (1998)

T. K)

1.5

0.5

Pressure

L n——————
o .
. ‘up

L
.y
"~
o
‘-
.......
- v "-...,'
L.
.

-
v
.
”
.'.
.
.
o
.
N
o
.
-
o
fffff
. ‘-.
.
et
el
.....

¥

S,

0 5 10 15t 20
Frequency (KT) .
O Mackenzie et al. -
Sr,RuO, Tc134
L o _|
B 1 4 1 | O
0 1\ 2 3

Residual resistivity (u2cm)



Some questions about |/Tept(W,T)

|, /T TH

What Is the value of p ¢
2. 1 Toptex !
What Is the value of n ¢
3. HTopt(W,T) xw*+(pTrkeT)??

What Is the value of p !



Transport : What Is the value of p ¢
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Crystals from R Fittipaldi and A. Vecchione, Salerno, Italy Stricker et al. unpublished (2015)



Some questions about |/Tept(W,T)

VI ITeT?
u=2
2. I/Toptocwn?

What s the value of N !
3. HTopt(W,T)xw?+ (p1rksT)? !

What is the value of p ¢



Optica\ Spectroscopy
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Reflectivity (3 meV - 3 eV)

R(W) = Isa.mple (w) I eference—mirror (w)
Heiterciee (w) Isample— mirror (w)

Ellipsometry R(w) = 1_ /el )
(047 eV 626V o

Crystals from R. Fittipaldi and A. Vecchione, Salerno, Italy



SrRuO4 Optical spectroscopy

Reflectivity
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Plasma frequency Wp = 3.3 eV

No interband below | eV
Lee et al, PRL 89, 257402 (2002)
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Kramers-Kronig
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B R Mass renormalization and relaxatichteeiE

Fermi Liquid : m*(w)/m ~hw  ~ hw?
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Some questions about |/Tept(W,T)

VoI, UTeTH?
p=2
V' 2. HToptxn?
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What Is the value of p ! of
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Some questions about |/Tept(W,T)
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Some questions about |/Tept(W,T)
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SrRuUO4 Scaling collapse In the thermal regime

rescaling the energy axis by €p2 = (hw)?2 + (pTTksT)?
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SrRuO4 Is a perfect Fermi liquid

VoI lTeTH?
n=2
V' 2. UToptoxwon ?
n=<2
V' 3. HTope(W,T) xw?+(p1rkeT)? ?

p = 2 first experimental proof



Mravlje, Georges et al., PRL 106,096401 (201 1)

Op-tICS _I_ :)M FT Ca‘CU‘a-UOnS Deng, Georges et al, PRL | 10, 086401 (2012)

Reog+ilmoO
o DFT + LDA and DMFT

— Experiment
--- Universal Fermi liquid form
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Berthod et al. PRB 87, 1 15109 (2013)

Beautiful agreement at low temperature
and energy

2 No e-phonon/impurity scattering
P No scale adjustment
2 Thermal shoulder confirmed

Signature of FL Is a deviation from Drude

P Very good fit below 40 K
P> Frequency dependence of |/Topt

Clear deviations from FL above ~ O.] eV.

B> Very well described by DMFT |

Stricker et al. PRL | |3, /06 75 ES IS EANIES



DMFE
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Stricker et al. PRL | 13,087404 (2014)
Mravlje, Georges et al. PRL 106,096401 (201 1)
Deng, Georges et al. PRL |10,086401 (2012)
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Well above TrL well-defined single-particle excitations A Ta B
ofe . . : : : o/
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K-resolved spectral function
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Intermediate conclusions

|. Non-Drude & non-Fermi-liquid

2. First experiment indicating accurately the FL behavior (p = 2) !

3. The FL regime provides the reference to characterize without
ambigurty the deviations from FL theory

4. First optical proof of Resilient Quasiparticles with non-FL lifetime.

S. Question : Why is it the only Fermi-liquid with p = 2 ¢
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Iwo decade of transport measurement ...
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Mackenzie & Maeno, Rev. Mod. Phys. 75 2 (2003)

dependence down to 7. The in-plane resistivity, p,; , 1S
metallic from 300 K to low temperatures, and below ap- ,
Kidd, PRL 94107003 (2005)

proximately 20 K, both p,, and p,. have an approximate
T> dependence, as shown in the inset. This 7 by electron-phonon interactions. As the temperature is

denge f)f p at low temperatures is consistent rajsed, the system undergoes a broad crossover, and the
predictions of the Fermi-liquid theory of n gystem shows distinct non-Fermi liquid behavior. A tem-




What Is the « glue » of electrons in SrRuO4

Temperature (K)

0 100 200

120 1 ' | ' | | |

. —- Fit (1.6K to 8K) -

2 90 " _ Experimental data |

= ]

3 60 ]
Q
D
N
=
QO
G
=
~
=
&=
Q
-3

0 100 200
Temperature (K)



Susceptibility of correlations

I’X" = a*F(w) + BXharge T VXeoin
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Susceptibility of correlations

I’X" = a*F(w) + BXharge T VXeoin
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What Is the « glue » of electrons in SrRuO4
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Tyler et al. PRB 58 R10107 (1998)
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Open question
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Case n®| : 3D Fermi liquid ?

P « B, Y bands

B> Van Hove Singularity

K. Chen, PRB 84 245107 (201 1

Case n°2 : Resilient Quasiparticles ?
Case n°3 : collective modes ?

2 2D paramagnon

P 2D phonon

P> any modes with linear
dispersion in 2D...

Case n°4 : Dimensional crossover ?

P Transition too sharp ?
Fischer & Sigrist EPL 85 2 (2009)



|, SrRuO4 the archetypal Fermi-liquid
P> Correct scaling with p = 2

? Low-frequency « Drude Foot »

Q Why Is it the 0n|y onhe ? Stricker et al. PRL | | 3,087404 (2014)
2. SrRuOs4 the not so simple Fermi-liquid ——
P Resilient quasiparticles

2 [wo different mechanism link the
electron together

Q : The origin of Te ? Stricker et al. in prep (2015)

Thank you




