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the Fermi polaron

Fermi polaron: single ↓-atom in ↑-Fermi gas 

↓-atom

↑-atom

tunable (strong) interactions; characterized by scattering length a

(ultracold Fermi gas                   , non-relativistic)T ∼ 100nK
limit of extreme population imbalance

SPIN BALANCED SYSTEM - BEC/BCS CROSSOVER: SEE TALK BY MICHAEL SCHERER

simple system
nice benchmark system for non-perturbative methods
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the Fermi polaron

1/a

Econtinuum

bound state

ϑ! −1
free propagation

finite density of ↑-atoms ϑ = (kF a)−1

ϑ ! 1
renormalized quasiparticle singlet bound state

two-body problem

What is the ground state?
What are the quasi-particle properties?
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experiment: radio frequency spectroscopy

quasi-particle properties from Green‘s function: 

➝ spectral function: A(ω,p) = 2ImGR(ω,p)

ZWIERLEIN GROUP, MIT (2009)

theory:
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Green‘s function - determines propagation of particle

x

y

momentum space:

G(ω,p) =
∫

dE

2π

A(E,p)
E − ω

spectral function             :A(E,p) • determines where particle can ,live‘ in         plane E/p
• determines dispersion

fre
e f

erm
ions

=
∫

dE

2π

2πδ(E − (p2 − µ))
E − ω

=
1

−ω + p2 − µ



fRG for flowing spectral functions
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• equivalent to original action (integrate out    ) for (            )φ
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Our approach:

we keep arbitrary momentum/frequency dependence: 

• expansion of propagators in momentum and 
frequencies (derivative expansion)

• good for critical phenomena, only a few couplings

Γk,φ,kin =
∫

p,ω
φ∗[−iAkω + Bkp2 + Ck]φ

‣ infinitely many couplings
‣ full spectral information

similar work: ELLWANGER ET AL.(1994/98), 
PAWLOWSKI ET AL. (2002), KATO (2004), FISCHER ET 

AL. (2004), BLAIZOT ET AL. (2006), BENITEZ, 
BLAIZOT ET AL. (2009/10)

exact calculations: DIEHL, KRAHL, SCHERER (2008), MOROZ ET AL. (2009/10)
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• derivative expansion in cold atom context:
        BEC/BCS crossover MANCHESTER GROUP (BIRSE ET AL.), HEIDELBERG GROUP (WETTERICH ET AL.)

                 SU(3) Fermi gas, few-body physics FLOERCHINGER, MOROZ, RS, WETTERICH, PRA, ANN. PHYS, ... (2008-10)
THREE-BODY LOSS IN 6LI: FLOERCHINGER, SCHMIDT, WETTERICH PRA (2009)
REVIEW IN SPECIAL ISSUE OF FEW BODY SYSTEMS, SPRINGER (2011)

theory space
UV

IR

va
cu

um
 fl

ow

SIMILAR: FRANKFURT GROUP (KOPITZ)
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sharp regulators
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OUR PROPOSAL

‣ our proposal:

initial: state of with well-known spectral function 
         (attractive polaron branch)

final:  strongly interacting state
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linear response theory

yields rf suszeptiblity

χ(Ω) = −
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Hrf ∼ ψfψ∗
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‣ rf photon gives perturbation
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‣ diagrammatic expansion

χ(Ω) =
∫

k,ω
Gi(k, ω) Gf (k, ω + Ω) =

I(ω) = 2Ω2
RImχR(ω = µf − µi − ωL)

I(ωL) = Ω2
R

∫

k

∫ Ef−Ei+ωL

0

dΩ
2π

Af (k,Ω) Ai(k,Ω− (Ef − Ei + ωL))

gives rf response
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Experimentally realized and verified by Grimm group for Li-K mixture (Innsbruck) 
C. KOHSTALL ET AL (IN PREP)



Comments on derivative expansion and regulator dependence

‣ we also studied a derivative expansion, including higher order vertex (atom-dimer)

: scale dependent

Γk =
∫

P
ψ∗
↑(P )[iω + #p2 − µ↑]ψ↑(P ) + ψ∗

↓(P )[A↓(iω + #p2)− µ↓]ψ↓(P )

+
∫

P
φ∗(P )[Aφ(iω + #p2/2) + mφ]φ(P ) + h

∫

X
(φ∗(X)ψ↑(X)ψ↓(X) + h.c)
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IN SPIRIT OF ERG 2010

Can we reasonably estimate our error? 
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The End


