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Realizing Long Range Interactions
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Cavity QED

*Discrete spectrum -> one or a few relevant cavity modes
*Possible strong coupling at SINGLE photon level

Electronic dipole coupling between single atoms and light field
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Strong Coupling Regime
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For a resonant cavity mode whose frequency is equal to the
electronic excitation energy of the atom,
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Mediated Interactions

Atoms coupled to the same cavity field
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Interatomic interactions via the cavity field



Superradiance of BEC
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Phase Diagram
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Transition related to the density correlations of the atomic gases



Superradiance of Degenerate Fermi Gases

Consider spinless fermions, no direct interatomic interactions
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Nature of Superradiance
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Equation of motion: i%z—(ﬁc—ﬂk) a+mn,0

Density order: @:f drn(r)n(r)in,

Effective cavity detuning ACZAC—I drn(r)U(r)<0
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Mean Field Theory

Order parameter: @):f d r<n (r)>cos(kox)cos(koy)
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Transition Condition
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Also applies to BEC
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Boson Gas
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Superradiance Iin free space
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Bosons: Ketterle's group Fermions: Zhang Jing's group
Science 285, 571 (1999) PRL 106, 210401 (2011)



Phase Diagram for 3d
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FIG. 4: (a) and (c): The phase diagram for two-dimension
case, in terms of effective detuning A, /E, and pumping lattice
depth Vo /E:. Different lines in (a) represent phase boundary
with different fillings. (b) Critical V5 /E, as a function of
filling v for A/Er fixed at 2 x 10°. k/E:. = 250 for (a) and
(b); k/E, = 4085 for (c¢) and UyN.:/E: =1 x 10° for (a-c).



Interplay with Interatomic Interactions

Consider a two component Fermi gas across a Feshbach resonance
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Superradiance through the BEC-BCS Crossover
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Susceptibility through the BEC-BCS Crossover

_ . . 43 f | . A
SERE N, B @ st T )

—0.5 : —10.5 I
—4.0 [/ — 4.0 i
0.5 0.5
J—

The BCS limit =10 250 UW Wm The BEC limit
—(kras)” 1 —(kpas)™!
(kr/ko) fa (©)

e (). 2 1.0
(.5 i

=_ B —— ?(
\———;—

—6.0 —4.0 —2.0 0.0 2.0 4.0
_(kFGSJ_l




Oc/Er

2/5

Phase Diagram

4/5 0

Vo/Ex

25 4/5 0

2/S  4/5




Summary

* Landau mean field theory for superradiant
transition of quantum gases in a cavity

* Transition point depends on the density
susceptibility

» Fermi surface nesting and Pauling blocking for
fermions vs bosons

e |Interatomic interaction effects



Thank you



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

