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What’s the Efimov Effect?

V. Efimov, Phys. Lett. 33B, 563 (1970)
Sov. J. Nucl. Phys. 12, 589 (1971)

3 spinless neutral particles, interacting through a potential
gvV(r), V(r)<O0

Near a 2-body threshold (9=9,). an effective >body pody |
3-body force emerges: Ja<o (@2%) a0 g

* resonant character: a>>r,=range of forces

* universal long-range attraction —R™
(independent of the detailed structure of V (I))

trimer

e supports an infinitely many 3-body bound states

with discrete scaling symmetry and accumulation point at 9 =9,

a

a”—“ ~e™% ~ 227, S, =1.00624 .- (universal scaling parameter)

n

“Matryoshka doll” scaling




Experimental Signatures:
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* The universal attractive potential (—R‘z) permits continuous scale invariance:
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* However, because of the 3-body parameter K.
only discrete scale invariance is permitted:
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as N —> o0 with @ =T

» The 3-body parameter is a free parameter in the Efimov theory.

» In principle, it can take any random value from one FBR to another,
let alone from one atomic species to another.

» However, Nature seems to prefer otherwise! ¢ main message of this talk



Some Experimental Achievements in Ultracold Atomic Gases
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Our System: 3-Component Fermi System of °Li
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Enhanced Loss in a 3-Component Fermi System of °Li

T. B. Ottenstein, et al., PRL 101, 203202 (2008)
J. H. Huckans, et al., PRL 102, 165302 (2009)
J.R. Williams, et al., PRL103, 130404 (2009)

» Stable if each pair of states alone is populated.

» Unstable at 130G only if all three states are

populated.

-> smoking gun of Efimov states
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Efimov Senario confirmed by theories

effective field theory
E. Braaten, et. al., PRL 103, 073202 (2009)

hyperspherical analysis
P. Naidon and MU, PRL 103, 073203 (2009)

functional renormalization group theory
S. Floerchinger, et al., PRA 79, 053633 (2009)

semiclassical approach
Seth T. Rittenhouse, PRA 81, 040701 (R) (2010)



Efimov Trimer vs. Feshbach Senarios
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Theory confirms that the loss peak corresponds to a tri-atomic association

threshold of Efimov trimers.
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Physics: presence of an Efimov state enhances
the probability density for 3 atoms to be found
at short distance, which leads to an enhanced 3-
body recombination.
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A Possible Unification?
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Single-Channel Model

P. Naidon, MU, C. R. Physique 12, 13 (2011)
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» The single-channel model with energy-dependent scattering lengths and
a fixed three-body parameter qualitatively reprodues an overall feature
of the entire region.

» But not quite good for universal region A.

Why?



Qualitative Deviation from Universal Theory
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Two-Channel Model

P. Naidon, MU, C. R. Physique 12, 13 (2011)
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Atom-Dimer-Efimov Resonance

S. Nakajima et.al., PRL 105, 023201 (2010)
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Three-Body Parameter
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RF Association of Efimov Trimers

S. Nakajima, et al., Phys. Rev. Lett. 106, 143201 (2011)
T. Lompe et.al., Science 330, 940 (2010)

Number of atoms in state |2> vs RF frequency

|1> 2> |3>
E Qe ﬂO 1800 - 700 G, FORT V=3, evap V=0.98
/ j "RF 30 us
12> /73> 1600 17007 G?
3% ~ X0 XU RN (1)
ki - 1400} ++++*+ +F+' W oo
123> A > SN A (YO
I S, 1200 N g + ______________________________
\\ : "g‘ ¢+*
\\ I 8 1000 : +
| : (1) =  A1=-142274258 RN
(1) v 800 A2=-24678:368 ¢ [ I
v ~ B1=0.036014 £ 0.00122 ¢
(1) v  B2=0.014279  0.00366 ¢
1| 600  x1=8262+0.00062 %
Jd~ |I: o= 82.52:1 +0.00215 *
+ .: sl P=TTeziss LN A et
! I | I | i |
o © 82.4 82.5 82.6 82.7 82.8 82.9
Il _ RF freq. [MHz]



Temperature Dependence of Efimov Binding Energy
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Three-body parameter A [a,']
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* non-monotonic energy dependence of A
as large as 15 %
multichannel effect?
finite-range effect?
3-body physics?

* A small uncertainly (£0.7% ) in a can
cause a large (5%) variation of A .
N
Even more precise measurement of a is
needed.



Back to Zero-Energy Efimov: Hidden Universality ?

* Evidence of near-constant (in log scale) three-body parameter in Cs (Innsbruck).
» Several alkali’s (133Cs, 7Li, 85Rb) give similar values in a_/avdw.

* Let’s check this theoretically using a realistic potential.



Results of He-4 Trimers

e Realistic LM2M2 potential [R.A. Aziz, M.J. Slaman, J. Chem. Phys. 94, 8047 (1991)]

Solve Shrédinger equation with the Gaussian expansion method

Energy (K}

Interatomic distance (A)

Figure 1: LM2M2 potential |25] used for the realistic calcula-

tions. The dotted curve ndicates the van der Waals asvip-
tote —Cg /15



Let’s Compare with Cs, Rb, K, Li

Cs133 Innsbruck

Rb85 JILA

Li6 Tokyo
Li7 Bar llan
K39 Florence
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He-4 Trimers: Comparison with Cs, Rb, K, Li
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Conclusions

» Fermionic Li system provides a weath of information about
Efimov physics.

» a(E) and effective range capture an overall feature of two
universal regions (A and B) at zero energy.

» 3-body parameter shows irregular behavior (15%) at negative
energy.

» Mounting evidence of near-constant 3-body parameter at zero
energy not only across different universal regimes (A, B) but
also across different species.



