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Unitary 3-body problem in a trap - Fermions (Spin-1/2)
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® Zero-range interactions: when ri2 — 0
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Exactly solvable




Center-of-mass is separable: (' = (7 + 7%, + %) /3

w(m, Mo, FS) — wcm(6> PYint F = Fem + Eing
Hyperradius: R = T%,jz /3 | 3 remaining coordinates:
i< Hyperangles ()

F'(R) = wavefunction of a fictitious particle \
e s 1

in a potential U, (R) = + —mw?R?

2m R2 2 \\

Lint = energy of this fictitious particle \\/

=(s+1+4+2q)hw, g € N

1 (£2) and s are the same than in free space

= already obtained by Efimov

Problem
solved




Spectrum of 3 trapped fermions
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Application:
Exact calculation of 3rd virial coefficient

of homogeneous unitary gas
[Liu, Hu & Drummond, PRL '09]

b3 = —0.29095295 . . ..

nA\> = 2(e "+ 2bye® H 4+ 3bze® F 4 .. )

| u——o00

Disagrees with diagrammatic calculation [Rupak, PRL '07]

Agrees with Diagrammatic Monte-Carlo
[Van Houcke, Werner, Prokofey, Svistunov; in progress]



Unitary 3-body problem - BOSONS (Spin O)
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one of the allowed values of s is imaginary

= need to add boundary condition:

F(R) g, sinlis|In(R/ Rt,l/ 3-body parameter

Other s are real

|

Efimov trimer states|| Efimovian states : Universal states
FEint =geometric series Eint(R¢) ' Fiint = (8 + 14 ZQ)hw




Spectrum of 3 trapped bosons (I=0)
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3-body losses

Fermions, ground state: a la Petrov-Salomon-Shlyapnikov

I'! Pzero—range(R <b)! WS

Bosons, efimovian states: a la Braaten-Hammer
F(R) x (R/Ry)' * —¢ *™(R/R;)* = E(Ry,n.) € C obtained analytically

e < 1=1 ~4n,.w/Im (1 —|—S—2E/(ﬁw)> [CS@ I 11G F_l " 0.1 IIlS]

Bosons, |=0 universal states: numerics with simple finite-range

model: T typically oc w?® [Cs: I'"' ~0.2s]

General conjecture: T'/w! 0 in the zero-range limit




Prospects for Experiments

Spectrum measurement with RF } done for 2 particles

Lifetime measurement

detection of bosonic urggestates looks easy:

® 3 atoms/site |a|! an, " \/ —

h
mcuw

® Suddenly switch to |a|l > ano

® Measure N(t)

® Each site has a long lifetime with a
probability:
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[Zurich, Hamburg]

7T(S(2) # 4)2 {# COS (Sog) + Sog sin (SO%)

0.174 ...




Effect of 3-body losses on Efimov Trimers
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Braaten-Hammer approach: F(R
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When 2n,/|s| — m,
' 0
Slowly decaying
states




Unitary N-body problem in a trap - Fermions (spin-1/2)
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é * * Isotropic
* harmonic

* * trap

d= O

F(R) = wavefunction of a fictitious particle \\ //
2 2
in a potential U, (R) = s + }mwQRQ \ /
2m R? 2 \/
Breathing mode: Comparison
frequency= 2w with numerics
no damping [von Stecher, Blume
[Castin '04] & Greene '07]




More formally:

® SO(2,l) dynamical symmetry

-discovered for other models by Pitaevkii & Rosch ('97)
-rederived in second quantization by Nishida & Son ('07)

® Conformal invariance [Son & Wingate ('05)]



Virial Theorem

N bosons
Trapping potential U (7)







f(* w)

+--+ DiagMC (this work)
Bulgac et al.

Viria
Viria
Viria
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pansion, order 3 [Liu et al.]
pansion, order 2

pansion, order 1 [Boltzman g
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1 fermion + 1 boson (Hamburg)
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