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Homogeneous (3D) Fermi  Distinguishable impurity
gas of same spin state (boson/fermion)
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Magnetic Feshbach resonance: Change a at will !!



The ground state has two quasiparticle branches:
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(1) Theoretically: Extra parameter R, effect on the polaron/dimeron ?
(i) Experimentally: 4°K —Y1,i mixtures, narrow Feshbach resonances

R, > 100nm > Rvgw =~ 2nm



1 Two-channel model Hamiltonian

»  Variational ansatz

3 Integral equations: Polaron, dimeron
4 A discrete state coupled to a continuum
s Properties of the two branches at P=0:

» Polaron-to-dimeron crossing point

6 Non-trivial weakly interacting limait
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AFE,(P) = Ex + / (27)3 Dy [AE,01(P), P]
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Total of three parameters: @, R*, M / ™m
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(1) Discrete state EXPELLED from the continuum, remains a discrete state.

(2) Discrete state DILUTED in the continuum, becomes a resonance:

AE — AFEpr + 1AE7 ofphysical interest if

AE; < AFER
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In vacuum, for ANY value of ., one has
a two-body bound state iff a >



Question: When do we have a two-body bound state ?

(1) Two particles 1n vacuum:
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(i) Naive answer: F. o] < 0
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(11) Lamb shift due to vacuum fluctuations in the open channel:
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Question: When do we have a two-body bound state ?

(2) One impurity 1n a Fermi sea: é ’ Q‘ 4 '
TWO EFFECTS ¢4

(1) Effect on the Lamb shift
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(ii) Change of the dissociation threshold, F'p
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Same slope as intuitive picture, but exact calculation

of the INTERCEPT of the asymptote



Standard weakly interacting limit:

a— 0, R, fixed!

[.oose information on the narrowness of the resonance
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Non-trivial weakly interacting limiat:
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a — 0 ,— and R, proportional
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FIXED
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(1) Polaron: P =0
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(2) Dimeron: P =0
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M/m =1, R, = 0 : analytics # numerics — 3%



Homogeneous (3D) Fermi gas of same spin state

e ¢

s-wave interactions $ é : Narrow Feshbach resonance

A new lengthscale appears

Th* 1
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Simple variational ansatz limited to at most ONE
pair of particle-hole excitations

Ground state: polaron-to-dimeron crossing point
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Physical interpretation in terms of the Lamb shift



Non-trivial weakly interacting limit
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