Correlated Electron Dynamics in SrRuO_3

Femtosecond spectroscopy for the masses
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Introduction to femtosecond spectroscopy
Basic properties of SrRuQO3

Time-domain terahertz spectroscopy of SrRuO3
Summary

Overview of other topics in femtosecond spectroscopy
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What modern lasers provide

Intensity ( >PW/cm? )

Temporal and spatial coherence
Tunability ( meV - eV)
Temporal resolution ( ~10 fs)

Ease of use
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Experimental bag of tricks
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Self-phase modulation, continuum generation

Sum and difference frequency generation

—

7
Parametric generation and amplification ‘ &
rd

Q)]
@] — 03

2
Auston switch, terahertz generation
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Tunable, coherent radiation with femtosecond resolution
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Anomalous conductivity in SrRuQ3: similarities with cuprates
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One trace of normalcy:

p(T<12 K) = A + BT2, quantum oscillations
but

B =0.022 uQ-cm implies Tr ~ 10 K!
Mackenzie, et al., PRB (1998)
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Atomic and electronic structure of SrRuO3
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Stoner (Hund's rule) splitting: Jy~05eV LA . {RYSO'Z ¥
tzg bandwidth (second moment): W~ 1eV )
Magnetic moment: u~1.6pg D.J. Singh, 1996

, . N 1. 1. Mazin and D. J. Singh, 1997
LSDA correctly predicts itinerant ferromagnetism of SrRuQO3

with correct moment; successful also with CaRuQ3, SroRuQy

Estimated bare Hubbard U ~ 3 eV (Harrison & Froyen, 1980)
Estimated effective mass m* ~ 3.7m (Allen et al., 1996)
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Ruthenate diversity

CaRuOs Paramagnetic metal (AF Weiss temperature)
SrRuO3 Ferromagnetic metal, T¢c ~ 150 K

CasRuO4 Antiferromagnetic insulator, Ty ~ 110 K, LSDA fails
SroRuQOy4 unconventional superconductor, Tc ~ 1.5 K
CazRu207 antiferromagnet, TN ~ 56 K, with MIT at T ~ 48 K
SrzRu207 paramagnetic metal, possibly near a metamagnetic

quantum critical endpoint

Mass enhancement in a doped Mott insulator
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Brinkman and Rice (1970) Drude conductivity preserved, renormalized.
Georges et al. (1996)

Dr. Steve Dodge, Simon Fraser U (KITP Correlated Electrons Program 8/20/02)



Correlated Electron Dynamics in STfRuO_3

Direct measurement of v* from 02(0))

Drude conductivity for 1/1* = 200 cm’!
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What is the low frequency, low temperature behavior of c(0,T)
in anomalous metals?

? Infrared reflectivity shows o= for © > 60 em™ (2 THz)
In metals, 61(® — 0) = C. How?

Important limit of FLT is @ — 0, detailed behavior
very difficult to obtain from reflectivity

Relevant range for THz spectroscopy
(1THz = 4 meV = 50 K)
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Time-domain terahertz speciroscopy
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The problem with reflectivity
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TDTHz SNR ~ 104, but currently only accurate to 1% level
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Time-domain THz spectroscopy measures complex conductivity

Ei(t) Sample/ E'(t)
Substrate
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n+1+Zys(w)d

t(w) = EYo)/El(w) =

Direct relationship, no Kramers-Kronig

Metallic film advances the pulse upon transmission by t*
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Conductivity amplitude and phase in SrRuO; at four temperatures
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Conductivity crossover in SrRuQg at terahertz frequencies

i1, B
T To To
e10'f
o
o
= o(o,T) = A
= T AR(T) - o)
= Z.100
° |+ 2 o~ 0.4
3 0 2
10 0 100 [°K]200 300
10" 10 10° 10°
v [em™]

Dodge et al., PRL 85, 4932 (2000)
but see also Capogna et al., PRL 88, 076602 (2002)

Low temperature Fermi liquid transport in SrRuQO3

Quantum oscillations T2 resistivity
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Capogna et al., 2002

Resistivity (Elom)

Power-law form used in THz disagrees
with low-T, dc resistivity.
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Mackenzie et al., 1998

Dr. Steve Dodge, Simon Fraser U (KITP Correlated Electrons Program 8/20/02) 10



Correlated Electron Dynamics in STfRuO_3

Conclusions

* Nonlinear relationship between ¢ and t* reflects non-Fermi liquid
behavior in the temperature regime studied

* Simple power-law form describes both low-frequency and high-
frequency regimes

e Apparent coherence regime at temperatures two orders of
magnitude lower than expected

¢ Time-domain THz spectroscopy offers a uniquely direct and simple
measurement of dynamical renormalization in metals

Quasiparticle scattering at quantum phase transitions
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