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Lecture 2: Feshbach resonances

e review of scattering theory phenomenology:
o scattering f-amplitude, T-, S-matrix, phase shift
o low energy scattering universality

* hyperfine states of alkali atoms

 two-channel scattering model

* one-channel scattering model




Review of scattering theory
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e Scattering matrix S and phase shift 8: S, = %% = 2ikf, + 1 = Je
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Low-E resonant scattering phenomenology
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Feshbach resonances  fromC Greene

* O. K. Rice, JCP 1, 375 (1933) - basic treatment of how a bound state autoionizes
into a degenerate continuum

* U. Fano, Nuovo Cimento 12, 156 (1935) — shows that quantum interference has
opposite signs above and below the resonance, leading to asymmetric line profiles
analogous to anomalous dispersion

* G. Breit and E. Wigner, Phys. Rev. 49, 519 (1936) — Basic formula developed for
symmetric resonance profile when only the “bound part” of the reaction dominates

* H. Feshbach, Ann. Phys. 5, 357 (1958) and 19, 287 (1962) — developed general
projection operator formalism that cleanly separates “bound” and “continuum”
subspaces and systematically treats their interaction

* U. Fano, Phys. Rev. 124, 1866 (1961) — more elegant reformulation of his 1935
theory of asymmetric line profiles from discrete-continuum interactions

* P. Anderson, Phys. Rev. 124, 41 (1961) — model of localized impurity state in a
continuous band



Feshbach resonances

Feshbach resonances in neutron-sulfur scattering, from Blatt& Weisskopf, 1950s

|
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Fic. 2.2. Total neutron cross section for sulfur; experimental data taken from Adair (49) and Peterson (50).
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Alkali atoms
Periodic Table

of Elements
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Hyperfine interaction in a B field

Hyp =agrl - S — (QIMNf+ QSHBg) B
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Hyperfine states of Li6

2S. , State of °Li

)
L
<
=
5
Q
c
LL

100 200 300 400
Field Strength (Gauss)




2000

—_
o
o
o

Energy (MHZz)

-1000

Hyperfine states of K40

|7/2,-7/2>

|7/2,7/2>

9/2.9/2>

9/2,-9/2>

200

400 600 800

Magnetic Field (gauss)



Atomic Feshbach resonances

A magnetic-field tunable atomic scattering resonance

molecule state in channel 2

“ N

0—- -0

colliding atoms in channel 1

Channels are coupled by the hyperfine interaction



Atomic Feshbach resonances
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Detect Feshbach resonances in alkali atoms

* cloud size:

R(N) ~ (arg)'/*N*/®

1 1
1 1
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e atom loss via enhanced three-body decay rate: '3 ~ —a*n?
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* bound state Rabi oscillations (Ramsi fringes): -
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Rb85-Rb85 Feshbach resonance

Atom-molecule coherence in a F=2,mp=-2)
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Rb85-Rb87 s- and p-wave Feshbach resonance
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Li7-Li7 s-wave Feshbach resonance
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Li7-Li7 s-wave Feshbach resonance
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K40-K40 s-wave Feshbach resonance

Scattering length (ay)
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K40-K40 p-wave Feshbach resonance

» p-wave Feshbach resonance in *°K, ;v (a)

 making p-wave molecules: E 40"
resonant disappearance of atoms © 10"
with oscillating B(t)
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1{e Lifetime (ms)

K40-K40 p-wave Feshbach resonance ,,, . ...

 p-wave Feshbach resonance in 4°K

* making p-wave molecules:
resonant disappearance of atoms
with oscillating B(t)
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S-wave Feshbach resonant scattering

e tunability (strength and sign) of interactions (sudden and adiabatic)
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state

diatomic
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S-wave Feshbach resonant scattering
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y>>1 Broad resonance scattering
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P-wave Feshbach resonant scattering

atom diatomic
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Next time

e [.1: AMO renaissance overview
L.2: Feshbach two-atom scattering

L4: Imbalanced s-wave resonant Fermi1 gases
» L5: P-wave Feshbach resonant superfluidity




