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Polarons & molecules: Main concepts & results
2-body physics: broad vs. narrow resonances
Many-body theory & comparison with experiments

Itinerant Ferromagnetism
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Polarons and molecules

One | in a Fermi sea of 1’s
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Zwierlein group
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Chevy, Mora, Zwerger,
Punk, Combescot,

Leyronas, Recati, Lobo,
Prokof’ev, Svistunoy, ...
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X. Cui and H. Zhai, PRA 81,041602 (2010)



0K -6Li experiments by Grimm group
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2-body physics
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Hyperfine Hamiltonian:
Hopin=AI-S+CS.+ DI,
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Atom-atom interaction: v (r - Vi(r) = Vi (r)] S, - S,
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[Hopin, V] # 0 Mixes hyperfine states = Scattering channels

| ner 2 i S 3 al J
Effective low-energy = 2T |%s ¥ oa (a; — as)Sy - S
interaction: m, 1




Scattering o Tog 72

matrix: 1 —Tp Il w— K2/2M — Au(B — By) + g2II
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“Landau Theory”
Interaction expressed in
terms of observable 2-

body parameters
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GMB, E. Kolomeitsev, and A. D. Jackson, PRA 71 052713 (2005)
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“Broad’” resonance
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Molecule energy
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“Narrow’’ resonance
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Multi-channel

0K - éLj resonance:
By = 154, 72G° AB = 830mG
Apg — 63, OCL() A,u — 1, 64#3
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Many-body theory

Polaron:
Yp) = \/Ea(Jr)¢|FS> T Z Qbk,q&:;—klaltT aqr|FS) +

q<kp<k
Zero holes: . One hole: ‘ @ n

F. Chevy PRA 74 063628 (2006) E/EF
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Results & experiments

RF flip

Molecule-hole
continuum

Non-interacting  Strongly interacting

Polaron energies




Polaron quasiparticle residue

|¢P> : Z ¢k7qa’jl—kla'11-{T a/qT‘FS> + ...

q<kp<k

RF-probe momentum conserving R o Q) (b],ax + h.c.)

Initial state: |I) = b!/|FS)

Rabi flipping
frequency:

Q = (Wp|R|I)
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Pulse Iehgth (ms)
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Damping of oscillations:
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3-state model
- - Collisional broadening:
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Molecule wave function

RF-signal to molecule-hole
continuum (BEC limit):

Overlap betwee
molecule
and plane wave

8ma’
(1+ k2a2)?

—

for |a/req|» |



Repulsive Polaron Decay

Repulsive polaron

@ Decay to attractive polaron:

2-body process
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® Decay to molecule:

Attractive
polaron

3-body process
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R.Schmidt and T. Enns, PRA 83 063620 (201 1)



2-body decay to attractive polaron:
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BEC-limit
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P. Massignan and GMB, EPJD 65,83 (2011)



3-body decay to molecule + hole:
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exclusion principle

GMB and P. Massignan, PRL 105 020401 (2010) D. S. Petrov, PRA 67 010703 (2003)



Experiment

107 1 . . ,
i _ -1/(x.a)=-1.45
—_— IH‘_%'
e | e "%,
102k & }; e,
C 06 -
s 0,
10'3:'
If;g::S); process
-4 , .
10 - 0
-1/ a)
Non-zero range
(kra)™'=-0.25: il'/er =0.01 gives = |0 times

Al'/E, = 0.03 longer life time.
| /e life time =400ys




Itinerant ferromagnetism

Fermi gas with short range repulsive interactions
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Stoner theory: E = gneF[(l + )3 4+ (1 —n)%3 + A1 +n)(1 —n)

Energy at Constant Volume
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Not observable due to pairing instability

C. Sanner et al., PRL 108,240404 (2012) &j/

D. Pekker et al., PRL 106, 050402 (201 1) PR



We have accurate theory in the limit Nj«N+

Mixed phase energy:

E(Ny, Ny, T) = N1} (Ny/V,T) + N,e3(N, /V,T) + N &7 (N /V,T)A(T)

Phase separated energy:

S. Pilati et al., PRL 105, 030405 (2010)

E(Ny,N|,T) = N&y(Ny/V;,T) + Njeg(N V|, T)

Condition for phase
separation at T=0
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Ferromagnetism with narrow Feschbach resonance?




Minimize free energy for T>0 ' = E - T'S

Entropy of mixing (ideal mixture):
Ny
ASmix = —Nkplylogy + (1 —y)log(l —y)| ¥= 7§
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Phase diagram
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Conclusions

Long lived repulsive polaron
Excellent agreement between theory & experiment

Narrow resonance increases stability of repulsive
polaron

Ferromagnetism for narrow resonance!



