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Feshbach resonance

With cold alkali atoms we can tune to a Fesbach resonance
at arbitrary, fixed (low) collisional energy by varying the
magnetic field: Zeeman tuning
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Interactions between two alkali atoms

Hamiltonian including spin Zeeman term:

V(r) =Vp(r)+ J(r)s; - s2
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Example: two °Li atoms
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Example: two °Li atoms
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Example: two

6Li atoms
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Diagonalization of Hamiltonian
‘ V(r) =Vp(r)+ J(r)s; - s2
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Franck-Condon factor

P (1,32,1_ 2;1,(76) 1/4

1
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Ty T0O
a. Halo states (universal regime)
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b. Asymptotic bound states (7¢; > Tz )

can be calculated numerically
starting from Van der Waals tail
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singlet/triplet overlap
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So we only need 2 fit parameters: 80, el

So we can fit the resonances without knowing the radial wavefunctions!
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6Li-40K pairs

{ magnetic field
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Li-4%K loss features with Mg = -3
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Li-4%K loss features with Mg = -3
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Include | = 1 molecular levels

Energy/h [GHZ]

1l |

Conclusion: | = 0 and | = 1 levels can be related through C, coefficient
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6Li-4%K loss features with Mg = -3
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Relation to scattering length
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Relation to scattering length
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Review paper
C. Chin et al., R.M.P., 82 1225 (2010)
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Relation to scattering length
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Relation to scattering length
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Li-6
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Rb-85

10000
8000 -
5 6000 -
S 4000 -

2000 -

4000 i
0 - —

160

157 159 161 163
Magnetic Field (G)

175

165

S.L. Cornish et al., PRL 85 (2000) 1995

20-9-2019

ICTP-SAIFR Sao Paulo 2019

oD

oD

oD

QD

oD

Horizontal Position (um)

yiu

——
'I (b}

_ I ©]
= Ee[

| 5I0 | 10

e

Q

0

21



Fano lineshape
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width from: elastic cross section
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width from: elastic cross section
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Narrow versus broad resonances

Importantly:
The meaning of broad and narrow depends on the context

 Broad as measured in magnetic field
 Broad as compared to the collisional band of energies
 Broad due to strong Feshbach coupling (large R*)
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experimental

adiabatic expansion of Gaussian trap induces evaporation:

oLi

14000 __

40K

- (][]

] 20000

r

Uy — 0.15U

f o |
a(B)|
- _> «A — W/K‘f‘eﬂ'a’bg
e i ]
L
}

20-9-2019 By

6l | | 40K
Up = 24pK Uy= 54 pK
2\
T =9 uK
—

Measure evaporation of °Li due to collisions with 40K

} P
o(B)| o = 4ma
N

B—
By 26



characterization of a Feshbach resonance
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T.G. Tiecke, et al.
PRL 104, 053202 (2010)
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End of ICTP-SAIFR Lectures

Thank you
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