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LIGHT IN A CAVITY

Figure 1. Resonator with two planar mirrors R; and Rg.[l]
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Figure 2. Transmission of different resonant modes through
a resonator. [1]

e Transmission:
1

= M%W with phase ® and Finesse F

e Resonance condition:

Leay = )é—’:;, m € N, n: refractive index
e Quality factor:

Q=2
e Photon decay rate:

k= % - 7%:5)5 (= Aw)

ATOM-LIGHT INTERACTION

The coupling parameter gg is calculated from interac-
tion between atom and vacuum field:

-

go = %AEvac = % <1| (d : Evac) |2> - %“1412 . gvac|

1 hw
n ‘:“12 260V‘

with the dipole matrix element p19 = e (1] 7(2).

Figure 3. Parameters of a cavity system: mode volume Vj,
cavity loss k, non-resonant decay - and coupling parameter

go- [1]

e Weak coupling regime:
go < max(k,"y), irreversible photon emission

e strong coupling regime:

go > max(k, "), reversible photon emission

Weak coupling regime

e Density of states: . .
p(E)= S 8(E ~ E(R) = s [ 'Ra(E - E(F)

e Spontaneous emission given by Fermi’s golden rule:
Wi s = 25| M| p(w) with

=) 2
2 _ /> _¢2,2 02 _ 2 pihw
|Mia|* = <p : 5> = 1. = 55

e In free space:

_ VvV 2
Pfree = 2W
2
-tz 3
Whree = Swsohc3w
e In a cavity:
2 Aw?

pcav(w) = TAw. Ho—wo)? 1 Aw?

W _ 2Qu3, 52 Aw?
cav eohVy 4(w0—wc)2+Awg

In the weak coupling regime the spontaneous emission

rate is changed by the Purcell factor F, = I‘//VVW

free

Strong coupling regime

e Description with the Jaynes-Cummings-

Hamiltonian:

HJC = thoton + Hatom + Hint
= hwa'a + Jhwods + hA (614 + 6_al)



a', a: Creation and annihilation operator of the
light field

64, 6_: Atomic transition operator

03: Atomic inversion operator

e Dressed states:
le,n) and |g,n + 1)

e Eigenenergies:
Eip=(n+3)hw+2/A2+4X2(n+1)
A = wy — w: Detuning of the system

e Energy splitting:
AE = hy/A2 +4X2 (n+ 1)
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Figure 4. Energy splitting in a coupled atom-light system. [2]

DICKE PHASE TRANSITION
Theoretical description

e Superradiant phase:
Coherent interaction of an atomic ensemble via a

lightfield

e Description with the Dicke-Hamiltonian:
Hp = hwa'a + hwod, + 22 (a' +a) J,
J: collective dipole operator

e Second order phase transition for sufficient coupling
A> Aep = X202 T =0

2 )

e Possible order parameters:
(a) =0, (J;) = 0 in the normal phase
(a) # 0, (Jy) # 0 in the superradiant phase
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Figure 5. Phase diagram depending on the coupling strength
and the temperature.

Experimental realisation

Experiment carried out by the group of Tilman
Esslinger (ETH Ziirich) in 2010

b

SPCM

Y

]

SPCM

b
v
K]

p—
- mmnh-@-xmmm
.
N2

|, @Ewenstes
l O Oddsites

[

y

Figure 6. BEC inside an ultrahigh-finesse cavity for different
pump powers (a,b). ¢ shows the structure for both possible
superradiant phases.[3]

e 87Rb-BEC in an ultrahigh-finesse cavity with
length Lcay = 176 pm.

e Far-detuned (4.5nm) pump laser drives Raman
transitions in the BEC.

e For sufficient pump power a cavity field builds up
— order in BEC density.
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Figure 7. Measured phase transition of the BEC.[4]
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