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impurity physics: paradigms of condensed matter-physics

fixed scalar impurity — orthogonality catastrophe
P.W. Anderson, Phys. Rev. Lett. 18, 1049 (1967)

moving scalar impurity — heavy-impurity problem
A. Rosch, Adv. Phys. 48, 295 (1999)

fixed impurity with spin — Kondo problem
J. Kondo, Progress of Theoretical Physics 32, 37 (1964)

cold atoms: superfluidity in Fermi gases
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much more than superfluidity
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asymmetric phases, few-body effects..-¢ .

Landau’s Fermi-liquid picture:
quasiparticles as building blocks for the many-body state

Fermi polarons: key experiments

MIT 2009 |
Schirotzek et al., PRL 102, 230402 (2009) \‘,
Observation of Fermi polarons in a tunable 1
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Innsbruck 2012

Kohstall et al., Nature 485, 615 (2012)
Metastability and coherence of repulsive polarons in
a strongly interacting Fermi mixture
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typ. expt. conditions (impurity regime)

spin channels

Feshbach resonance in 6Li - 4°K
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— resonance length (Petrov)

R* = 2650(25) a,

resonance is closed-channel dominated (two-body physics)
and has intermediate character in the many-body sense

weak (ke|a|<<1): simple mean-field description

stronger: quasiparticle (polaron)
a la Landau Fermi liquid theory

strong (kg|a] > 1): polaron or molecule?

Innsbruck FeLiKx team (2011)

ultracold.atoms

Metastability and coherence of repulsive polarons fheor‘y collaboration

in a strongly interacting Fermi mixture
C. Kohstall et al., Nature 485, 615 (2012)
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radio-frequency spectroscopy ol At
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NB: different from standard rf probing !

spectral response (strong rf)

spectral response

1 ms n-pulse (w/o interaction)

repulsive polaron
observed up to
-1/ksa=-0.3

polaron-molecule
transition
-1/k-a=0.6

idea for time-domain impurity spectroscopy
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interferometer fringes .

non-interact. state Cetina et al., arXiv:1505.00738
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how to measure very fast dynamics on resonance?

problem: decoherence too fast for rf pulses
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optical resonance shifting! ¢

apply rf-pulses somewhat away from resonance (1/«k¢|a|~2)

loss of coherence i

moderate interaction strength
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fits to a simple exponential decay

Cetina et al., arXiv:1505.00738
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experimental implementation
switching between two traps

200ns switching time
switch equiv. to 40mG (up to 100mG)

loss of coherence )

on resonance
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initial quantum evolution
fits to exponential decay after ~1.5 7.

Cetina et al., arXiv:1505.00738

decoherence rate
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— loss of fringe visibility

Greenberger, Yasin (1988); Englert (1996)

decoherence rate

elastic scattering .

elastic scattering provides “which way” information

decoherence rate
dcoid.a
Cetina et al., arXiv:1505.00738
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we can observe the time dynamics
of excitations deep in the Fermi sea!




experiments on fast quantum dynamics

what happens on a very fast time scale?
T = h/ep =45 ps

dynamics of quasiparticle formation (“birth of a polaron”) ?

Ramsey interferometer
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birth of a polaron (what we would expect)

optical control of interaction "
Ramsey interferometer not on resonance, but not too far away
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Chevy ansatz vs. functional determinants

« single particle-hole excitations only
(no decay into molecular excitations)

« zero-temperature theory

 describes finite mass ratio

functional determinants

» multiple particle-hole excitations .
(no decay into molecular excitations)

« finite-temperature theory

* restricted to infinitely heavy impurity
(under our conditions problem fixed by R* correction)
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Knap et al., PRX 2, 04020 (2012)
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interacting impurities: what we have learned

conventional rf spectroscopy (frequency domain) 2

72

« energies of attractive and repulsive quasiparticle branch
« lifetime of (metastable) repulsive polaron

« determination of quasiparticle residue via Rabi oscillations

time domain spectroscopy 2075

« quasiparticle scattering rate

« ultrafast decoherence on resonance

« “birth of a polaron”: dynamics of quasiparticle formation

+ ultrafast dynamics on resonance: observation of beating

future experiments

| interactions between imp
« high concentration
« fermions vs. bosons

immobile and infinite mass
long-range vs. short-range interactions
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