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(First session: Efimov physics and Efimov potential)
Efimov's original paper: Efimov, Phys. Lett. B 33, 563 (1970)
Special features of Efimov trimers
Eﬀorts before cold atoms
Recombination in cold atoms: Esry, Greene & Burke, PRL 83 1751 (1999)
First observation of Efimov states in Cs133 (Innsbruck, 2006)
Li6 (2008 Heiderberg), (2009 Penn State)
Li7 (2009 Rice), (2009 Bar-llan)
K39 (2009 LENS)
K41Rb87 (2009 LENS)
Rb85 (2012 JILA)
Rb87K40 (2013 JILA)
Li6Cs133 (2014 Chicago)
(Second session: extension of the Efimov scenario)
Three component Fermions
Mixed species system
Three-body parameter and Universality
Efimov physics beyond three-body
Efimov physics beyond 3D
Question 1: What is so special about Efimov molecules?
Question 2: What new physics did we find?
Question 3: Why should we care?

Efimov physics (Vitaly Efimov, 1970)
Three identical bosons with resonantly pair-wise interactions.
V(r) is assumed to be identical for any pairs of particles, zero range,
attractive and the scattering length is tuned to infinity.
Introducing hyper spherical coordinate, we have

In the low scattering energy limit, we assume all hyper angular momenta
are suppressed. The radial equation is reduced to

HW1: solve the radial Schroedinger's eqn with a central force potential
with zero scattering energy E=0.

From the solution, show that the potential indeed supports infinite number
of bound states with a logarithmic-periodic behavior.
Using WKB, we get

Physics interpretation? Why is there a 1/R^2 potential?
Consider two particles are pinned to the x-axis, what is the wavefunction
of the third one?

How to observe Efimov states in cold

Hw2: recombination loss coeﬃcient K is defined here
A. If a is the only scale, show that
, where the Efimov
factor C(a) is dimensionless.
B. What if a diverges? Argue that at finite temperature
How about at zero temperature T=0?

Experimental progress
• First observation of Efimov states (Innsbruck, 2006)
Both enhancement and suppression are observed as well as
• 3 component fermi gas Li6 (2008 Heiderberg), (2009 Penn State)!!
Bosons are not absolutely necessary.
• Many features Li7 (2009 Rice, correction on 2013)
Some secondary features and four-body? Interpretation?
• Universal Efimov in diﬀ spin states (2009 Bar-llan)
• Observation of many features in K39 (2009 LENS, correction on 2013)
Some secondary features and four-body? Interpretation
• Mixture system K41Rb87 (2009 LENS)
• New universality across species and resonances (2011 Innsbruck)
Theory (2011, 2012...)
• Single Efimov in Rb85, test of universality (2012 JILA)
• Rb87K40, no recom resonance but atom-dimmer resonance (2013
JILA)
• Discrete scaling invariance Li6Cs133 (2014 Chicago)
Other progress:
• Four and five body recombination (Innsbruck)
• Atom-dimer universality?
• Eﬀective range correction?
• Radio-freq association of Efimov trimers
• Three-body contact?

