Ilmpurities
in a Fermi sea:
polarons vs. molecules

Pietro Massignan (UABZICFO-Barcelona)

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

oooooooooooooooooooooo



in collaboration with:

arl—Js Lobo
(Southampton)

Alessio Recati
(Trento)

Kayvan Sadegzadeh (Cambridge)

Monday, November 29, 2010



Many—body systems
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Fig. 1.1 Propagation of Drunken Man
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Fig. 0.2 A. Non-interacting Particles

real horse

Quasi-Particles

B. Interacting Particles

Fig. 0.4 Quasi Particle Concept

Landav’s idea:

who cares about real particles?

Of importance are the excitations,

which behave
as quasi-particles!

a QP is a “free particle” with:
@ chewical potential

@ renormalized mass

@ shielded interactions

@ lifetime
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BCS

The MIT experiment

o non—imferacfingT Fermi sea (N>>1)

®a singlel impurity

Schirotzek, Wu, Somwer & Zwierlein, PRL 2009
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P-M transition: Prokof’evéSvistunov, PRB 2008
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Polaron: variational Ansatz

|¢p> T

(F Chevy, PRA 2006)

the limpurify

non—in’rerac’rimgT Ferwi sea
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Particle-Hole dressing

Very good agreement with QMC results for p, and m*

This variational Ansatz has a diagrammatic equivalent:
the forward scattering, or ladder, approximation.

: (Combescot et al., PRL 2007)
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QP parameters

Ohemucal potential M.

O, @ QMC

- :variat, diagr
@ : MIT expmt

E[Epy

QMGC: Prokof’evéSvistunov

Variational and diagramwmatic: Chevy, Recati, Lobo, Stringari, Combescot, Leyronas
MassignangbBruun, Zwerger, Punk, Stoof, Mora....

Experiments: MIT, ENS
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QP parameters

Chemical potential . Etfective mass m*
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P-P Interactions: Mora&Chevy, PRL 2010
Zhenhva, Zollner & Pethick, PRL 2010
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Equation of state

of a unitary Ferwi gas

In the normal phase at T=0,
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Sawe thermodynawmics for:
o yltracold atoms
o dilute nevtron matter
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What’s lef1?

v/ chewical potential
v renormalized mass
v shielded interactions

v lifetime

this work!
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Very long QP lifetimes!

G. Bruun & P Massignan, PRL 2010
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Experimental observation

Methods:
m RF spectra

m (olleetive modes
to measure m* vs. time

m [Density profiles in the trap

Issues:
* Phase separation?

*+ gtabilized by finite T

+* work with m #w

* Use bosonic impurities

* No decay to deeply bound molecular states

12
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Pol—Mol decay

Polaron: G (p,2)™' = G(p,2)"! — =p(p, 2)

Aw=wp—wyr >0

Pecayrate: I'p = —ImXp(p =0,wp)

Hole expansion: =p(p,z) =W (p,2) + =@ (p,2) +. ..

Ladder: y :
FN e e e no damping
l = | T, T, | = |+ | | T, in the ladder approx.
1> > 1> > |»>» |>»>—> >
Next order: 1 1 a)
1 T U

1
l = | T @ T, |+ |15 T,
1> > | > >

dressed molecule L
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molecule wf it V87a3 e e SRRalL:
invacuum: T 22 r "

7
dressed molecule:  D(p,w) ~ L
VAA w—wp — P2/ 2m3,
afox;mlci):‘ec.ule Saiasissset / Pq 11— flépqr) _ [mia
pitng: 9(p; 2) (27)3 Tz — Ep—at — &gl 2m

(BruungPethick, PRL 2004)
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F(qa k7 w) = TQ(q7w =+ €qT)G$(q T k7 W15 SqT T SkT)
14

Monday, November 29, 2010



Aw <L €

In the neighborhood of the P-M crossing, IAEar oy sasana:

d°k d*q d°¢ ~ (m* \3/2( Aw)7/2
| e ) ~ (mi) ()

The P+H+H form an equilateral triangle,
since g +¢q¢ —k~0

At the crossing, Fermi antisymmetry
yvields a vanishing of the matrix element:
the angular dependence

F(q,k,wp) — F(qd',k,wp) of Fis only on ©

Expand the difference to get an extra factor of Aw:

< Tp ~ Zy(kpa) (m%,)? (Aw)?? >

15t order transition between the P&M states (no coupling at the crossing)
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Mol—Pol decay _

Molecule: Dpre)rt=Do(prz) - — S m(p, 2)

1—‘1\/[
Vecav rate: I'y = —ImZM(p =] WM) @ $k'

(e 1}
Vacuum: Dy(p,z) = / d?’cjcbﬁzl_ 55_(?;’ _qg)w T g?ﬁ);;)

w=wp—wpy <0

T T,
@1 T =

polaron
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k
2mP

27 d3k d3k' d° —k —k')?
{PM - 22 [T (k) — Cla K onn)5 (180 + &t — 6 — gy — L1 )}

In the neighborhood of the M-P erossing, T, ~ Zp(kra) (m3)*? (—Aw)®?

For both decay processes,
very long lifetimes are ensured by:

limited phase-space 1
Fermi antisymwmetry -
much longer than vsval Ferwi liquids Sé

In the numeries: =

B2 -

Wn = o T Ls T EF 1 g3n4

as — 1.18a

R 2wa/m,

1—\/2mra2 (2512]\4 —w—6F+g3nT> 17
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...i$ there more? :

broadening talk by Hui Zhai
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40K impurity in a Ferwi sea of °Li
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The repulsive polaron revealed
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Energy: comparison with QMC
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Massignan & Bruun
(in preparation)
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weak coupling: 7= = 5 (bra) + (kra)?* + ..
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a toy model w

2-hody bound states:

Polaronic states:

Decay rates:

N

ith 3 FR

a=()
HL/Ep

05 weak coupling
E>a
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Conclusions

@ At small momenta, the process coupling molecules and
polarons requires at least 3-bodies

e Strongly suppressed P-M decay due to a combination of
small final density of states and Fermi statistics

e Expected lifetimes ~ 10-100ms

® Complete characterization
of the repulsive branch

6. Bruun and P. Massignan, Phys. Rev. Lett. 109, 020403 (2010)
P. Massignan and 6. Bruun, coming soon
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Decay of p+0 QP
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1.2 kFT a

(preliminary)
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Repulsive polaron
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coupling: = = =i =t

atom-wmolecule | / ARt gl
9(p; 2) @rit Pt e 21

BES f(fp—CIT) o T2 (p7 Z)

AL e SRR (s KA

Vacuuw: Do(p, z) = /dBQ¢3
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Notice

The many-body physics discussed here can be
defined
calculated

ahd measured!
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