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Optical spectroscopy

G(q, 60) the dielectric function

“Screening is one of the most important concepts in many-body theory”
Gerald D. Mahan
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Optical measurements
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Qualitative expectations for a metal
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Computing the conductivity

Kubo formula
2
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Local limit (no vertex corrections)

. 92 )

ie 2 f(e1) —f(e2)
= — E deid A(k,e1)A(k,
A w L= Vix [00 SIGE hw+¢e1 — ey +i0 LoEA, )

y _ 1 C)E:k
kX = hok,

-35(e)/m Ingredients of the calculation

[e —ex —Z1(€)]2 + [Z2()]? £k one-particle dispersion
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€., — Separating high- and low-energy transitions

Can we compare Oexp(w) = fegw|[1 — €(w)] with Otheo(w) ?

No — Otheo CONtains only low-energy transitions, while oey, contains all transitions.

We must separate high- and low-energy transitions
€(w) =1+ €low(w) + €nigh(w)

and subtract the hllgh-energy transitions ¢j(w) =

Olow(@) = ieow {1 — [€(w) — enign(w)]}

If the high-energy transitions are well separated

Lorentz oscillator
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Standard conversion formula

o(w) =ieqw|€x — €(w)] wla;




Extended Drude “model”
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Optical spectroscopy —

Reflectivity & ellipsometry
(+ know-how)
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Strange metals
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Strange metals
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Resistivity and many-body spectrum

Because the energy is extensive, a system of size Epox ~ N =——
N has maximum energy of order N.

N N

How are the ~ e’ energy levels distributed ? # levels ~ e

For independent particles, the inter-level spacing AE ==
at low-energy is AE ~ 1/N. Ep -

1"



Resistivity and many-body spectrum

Because the energy is extensive, a system of size Epox ~ N =——
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Resistivity and many-body spectrum

Because the energy is extensive, a system of size Epox ~ N =——
N has maximum energy of order N.

How are the ~ e energy levels distributed ? # levels ~ eN
For independent particles, the inter-level spacing AE mum
at low-energy is AE ~ 1/N. Ep -

For Landau quasiparticles, AE ~ 1/N as well. “
Pauli-limited scattering rate
h
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Planckian dissipation

How fast can a quantum system equilibrate ?

Heisenberg uncertainty principle
AE - At > h

For a quantum system in equilibrium at temperature T

h
AE ~ ksT = At > ——
B ~ kT

8 x 10712 second at 1 Kelvin

If transport times coincide with equilibration times

h 1
—a—— = 1 = —oc T
TEarT,« o(1) poc -
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The good, the bad, and the strange

¢=viT > kf
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Self-energy of a strange metal

The exactly-solvable models (e.g. SYK) show e
that the one-particle scattering rate has the 8 i
scaling form = 6 ]
> 2oar ]
—Im Z(S) o kBTS —Q 2 4
kg T o

The causal (Kramers-Kronig consistent)
complex self-energy is

S
Z(Z) :ngT/AdXZ/kB(%




I3] arXiv:2205.04030 — Michon et al.

Planckian Behavior of Cuprate Superconductors: Reconciling the Scaling of Optical Conductivity
with Resistivity and Specific Heat

B. Michon,*2:3 C. Berthod,> C. W. Rischau,® A. Ataei,* L. Chen,*
S. Komiya,5 S. Ono,’ L. Taillefer,*% D. van der Marel,? and A. Georges7~ 8.3.9

1. Approximate in the theoretical conductivity

2. Good w/T scaling collapse with similar scaling functions in the data

3. and predicted and observed

4. Power law with v*(g) < 1 predicted in the infrared

5. Anomalous exponent v* in the data consistent with g from the specific heat
15
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1. Approximate w /7T scaling in the theoretical conductivity

2. Good w/T scaling collapse with similar scaling functions in the data

3. T-linear resistivity and g log T specific heat predicted and observed

4. Power law with anomalous exponent v¥*(g) < 1 predicted in the infrared

5. Anomalous exponent v* in the data consistent with g from the specific heat

The optical conductivity, resistivity, and specific heat of Lap_,Sr,CuQy4, x = 0.24,

are mutually consistent with a Planckian dissipation scenario.
15
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Strange metal electrodynamics across the phase diagram of Bi,_,Pb,Sr,_,La,CuOg,; cuprates

Erik van Heumen ®,"2" Xuanbo Feng (#f##1#)©,"2 Silvia Cassanelli,! Linda Neubrand,' Lennart de Jager,'
Maarten Berben,' Yingkai Huang,' Takeshi Kondo,> Tsunehiro Takeuchi,* and Jan Zaanen®-"
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One-component analysis of a two-component conductivity

Two-component Drude model

() W N W,
o(w) =
—iw+1/1y —iw+1/1

Extended Drude analysis

w
o(w) = —iwm*(w)/m+1/7(w)
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06!
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o
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N}
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[2] PRB 106, 054515 (2022) — van Heumen et al.

Two-component analysis

(1) Pure Drude response

(2) “Conformal tail”

Model 6(w) = 62 (w) + 6™ (w),
Dp;
6P(w) = —2r
FDr — 1w
6’inc(a)) _ _iDinca)

(A% — @? — iTinew)

In text books, this Drude response is typically tied to
quasiparticles—Dby reference to the Sommerfeld model—and
it was conceptualized like this in this early era. However, such
a Drude response is actually completely generic for any finite
density charged fluid living in a spatial manifold characterized
by a weak translational symmetry breaking [20]. It just reflects
the fact that the total momentum of the fluid is long-lived
(see Sec. II). For instance, the “unparticle” fluids of AdS/CFT

Although the origin of the conformal tail is presently com-
pletely in the dark its gross properties may be best understood
as reflecting some form of bound optical response—it may be
viewed as the analog of interband transitions in the strongly
interacting electron soup.
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[2] PRB 106, 054515 (2022) — van Heumen et al.
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Optical conductivity of cuprates in a new light
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Two-component scenario

(1) Fermi liquid

(2) Localized charges
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Optical conductivity of a Fermi liquid
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“Pluralitas non est ponenda sine necessitate”
William of Ockham

- YN ad qonem @
1CO CTQQ q: pluralitas
non eft ponenda fine neceflitate 2 non

e neceflitas quare ocbeat poni tpus ol
ferecum menfuras motum angeli. na3

Thank you for listening
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