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Hanbury Brown and Twiss experiments with atoms
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Antibunching for a single emitter
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Antibunching for a single emitter
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Evolution in vacuum
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Evolution of the population Pe:
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Evolution in a coherent state

[¥(t=0)) = e, )

Evolution of the population Pe:
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Evolution in a coherent state — recent experiment

Rabi oscillations in a small microwave field in a cavity.
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QND measurement of a photon

The dephasing allows to detect the presence of a photon in the cavity.

A

0.0 0.5 10 1,5 2,0 25
temps (s)

500 ms photon
also known as Mathusalem

H. Perrin Atoms and photons December 13, 2022 8/17



Generalization to n photons

Dephasing: Ap =t x (2n+ 1)Q3/4A
Choose A such that the dephasing is nm/4 (+ offset). The detection will
give partial information on the photon number up to n = 7.
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Generalization to n photons

Example: detect a field state with n <7
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Collapse to a photon number state
Evolution of P(n) while detecting 110 atoms in a single sequence:

@ Initial coherent field with 3.7
photons

@ Initial inferred distribution flat
(no information) but final result
independent of initial choice

Probability

@ Progressive collapse of the field
state vector during information
acquisition
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Superradiance of N emitters

Theory: from Claude Fabre’s 600
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Superradiance of N emitters

Experiment, transverse scattering: radiation faster by a factor 3-5.
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Cavity QED with N atoms

Experiments of the Jakob Reichel’s group: cold atoms in a fiber based

microcavity on an atom chip. Splitting o coupling VN
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|
Cavity QED with N atoms

Transmission spectrum with A. = 0 and variable N. Splitting o< coupling

x VN

0% 1% 2% 3% 4-100%
Resonatortransmission
T T T ~— T T
= = |
-~ @%‘fh—.ﬁ*
1or e 1
3 e
=
e —
Ei 5h ___‘e;g 1 w4
< A Yy
Lok -
> ' VN /2n
g VN /2n
E = Ref. fir
-5+ = © BEC Daten |
I -5 Tes
. =S
2 =
ks ~———
-10 - —_—— 1
e Y R
1 1 1 1 1 l-‘- -
0 1,000 2,000 3,000 4,000 5,000 6,000
Atomzahl N
H. Perrin Atoms and photons December 13, 2022

15/17



|
Cavity QED with N atoms

Transmission spectrum with N = 750 and variable A,

09 5%  10% 15-100%
Resonatortransmission
T ‘ = -
_y-‘—._ -
10l — - ]
~
N
T
<
P ]
o~
>
<
%0 1
A
Q
>
£
S5 ]
<<
I
= (Ac+VATHNG?)/4n
S-10 - (AcVATTANTDY4 |
o P
-_F L 1 L L
-10 -5 0 5
Resonator — Atom Verst. A¢/2n (GHz)
December 13, 2022

16 /17



Detection of single atoms with the cavity

Cavity on resonance A, =0
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