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Feshbach resonances are the essential tool to control the interaction between atoms in ultracold
quantum gases. They have found numerous experimental applications, opening up the way to
important breakthroughs. This review broadly covers the phenomenon of Feshbach resonances in
ultracold gases and their main applications. This includes the theoretical background and models for
the description of Feshbach resonances, the experimental methods to find and characterize the
resonances, a discussion of the main properties of resonances in various atomic species and mixed
atomic species systems, and an overview of key experiments with atomic Bose-Einstein condensates,
degenerate Fermi gases, and ultracold molecules.
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Atomos frios

Atomos frios ~ 400uK _

Baixa energia cinética

Atomos neutros: 6Li, 7Li, 49K, 8’Rb
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Confinamento atdbmico

Temperatura ~ 400uK

Pressao ~ 107 Torr

Atomos ~ 10 milhdes
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Ressonancia de Feshbach

.« Atomos possuem spin

» Diferentes simetrias dos estados ligados com relacao ao
estado de colisao

» Diferentes canais

» Canal aberto: estado de espalhamento

« Canal fechado: estados ligados, moléculas



Ressonancia nuclear & atdbmica

Unified Theory of Nuclear Reactions*
HeErMAN FEsHBACH

Department of Physics and Laboratory for Nuclear Science, M assachusetts Institute of
Technology, Cambridge, Massachusetts

A new formulation of the theory of nuclear reactions based on the properties
of a generalized ‘‘optical’’ potential is presented. The real and imaginary part
of this potential satisfy a dispersion type relation while its poles give rise to
resonances in nuclear reactions. A new derivation of the Breit-Wigner formula
is given in which the concept of channel radius is not employed. This deriva-
tion is extended to the case of overlapping resonances. These results can then
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Effects of Configuration Interaction on Intensities and Phase Shifts*

U. Fano
National Bureau of Standards, Washingion, D. C.

(Received July 14, 1961)

The interference of a discrete autoionized state with a continuum gives rise to characteristically asym-
metric peaks in excitation spectra. The earlier qualitative interpretation of this phenomenon is extended and
revised. A theoretical formula is fitted to the shape of the 252p ! P resonance of He observed in the inelastic
scattering of electrons. The fitting determines the parameters of the 252p * P resonance as follows: £=60.1 ev,
I'~0.04 ev, f~2 to 4X1073. The theory is extended to the interaction of one discrete level with two or more
continua and of a set of discrete levels with one continuum. The theory can also give the position and in-
tensity shifts produced in a Rydberg series of discrete levels by interaction with a level of another configura-
tion. The connection with the nuclear theory of resonance scattering is indicated.



Ressonancia de Feshbach
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Chin, Cheng, et al. "Feshbach resonances in ultracold gases." Reviews of Modern Physics
82.2 (2010): 1225.



Comprimento de espalhamento
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Review A 51.6 (1995): 4852.

B =a (1--
d =da -
bg B-B
: 0
ks -0.1 0.0-
7 -'1 o 1 2
(B-B )/
h2
FIG. 2. (Color online) Feshbach resonance properties. (a) E = —
Scattering length a and (b) molecular state energy E near a b 2“ a

magnetically tuned Feshbach resonance. The binding energy is
defined to be positive, E,=—E. The inset shows the universal
regime near the point of resonance where a is very large and
positive.



Fisica das colisoes

Colisao de dois corpos:

Interaction

g 2

V(R)

Braaten, Eric, and H-W. Hammer. "Universality in few-body systems with large
scattering length." Physics Reports 428.5 (2006): 259-390.

Partial wave expansion:

Bound state = | nl )

Scattering state:
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Canal de colisao

Cold collision with spin structure

Zeeman Energy E/h (GHz)

q1 - m1f1 q2 - m2f2
E
>
> i d - d >
f=L+S +1
[ [ i i
Elastic collision
9.9,=4d’d, o) =]qa,) [Im)
B magnetic field S-wave
M=m +m +m l=m =0
1 2 | I
{a.q,! M} a9}

®Li atom =L=0,S=1/2,I=1,andf=1/2 and 3/2

0.8
0.4
0
-1/2 1
-0.4 1ﬂ;\\\\\\\\\\\\\\;
L | L | L | L | X
0 100 200 300 400 500
B (Gauss)

Chin, Cheng, et al. "Feshbach resonances in
ultracold gases." Reviews of Modern Physics 82.2
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Ressonancia de espalhamento
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Resultado experimental
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FIG. 3. Observation of a magnetically tuned Feshbach reso-
nance in an optically trapped BEC of Na atoms. The upper
panel shows a strong loss of atoms near the resonance, which is
due to enhanced three-body recombination. The lower panel
shows the dispersive shape of the scattering length @ near the
resonance, as determined from measurements of the mean-
field interaction by expansion of the condensate after release
from the trap; here a is normalized to the background value
apg. From Inouye et al., 1998.



Consideracoes gerais

* Qual o campo magnético necessario?
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measurement and FIG. 1. [ = 0 Feshbach resonances in a coupled-channel cal-
analysis." Physical culation. Bound-state energies (solid lines) are shown as a
Review Letters 89.28 function of magnetic field with quantum numbers (f;, f,)v’

assigned at B = 0. Additionally, dissociation threshold energies
(dotted lines) are shown for four different entrance channels
(mif“], mi,). A Feshbach resonance (e) occurs, when a bound
state with quantum number m . crosses a dissociation threshold
with the same m.

(2002): 283202.



Consideracoes gerais

« Resolucao do campo magnético:

 Depende fortemente da largura da ressonancia, em
muitos casos superiora 1 G.

« Temperatura tipica:

* [nferior a 1ukK.



Aplicacoes

» Estudar supercondutores em atomos frios.

« Emular com atomos frios sistemas fortemente correlacionados que nao é
possivel resolver exatamente.

» Estudar materiais fortemente correlacionados.

» Estudar atomos frios em redes o6ticas.

Figura cedida pela Profa. Thereza Paiva, UFRJ
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