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* Coherent population trapping
* Frequency comb
* First Results

* Prospect
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Two photon coherent population trapping

Rubidium example :

Congres Société Francaise de Physique



o Région
Aix:-Marseille A~ - é
(AixMarseille i g AXMIDEX fomee B o

atE
. A
Initiative d'excellence , ceee Provence-Alpes-Cote d'Azur cnes

Two photon coherent population trapping

Rubidium example :

A=W, - Wy,
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Two photon coherent population trapping

Rubidium example :

10=w,-w
A=W, - W
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Induced fluorescence (a.u
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Two photon coherent population trapping

Rubidium example :

Two photon dark resonance

le>F'=2

0
Al — A2 (a.u.)

i e 7Y

Al Frequency condition of 2 photons
dark resonance is fulfilled when :

Al = A2
Then,

w2 —wl = wo
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Induced fluorescence (a.u
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Two photon coherent population trapping

Rubidium example :

i e 7Y

le>F'=2

Two photon dark resonance

Al Frequency condition of 2 photons
dark resonance is fulfilled when :

Al = A2

Then,

w2 —wl = wo

2 0 2
Al — A2 (a.u.) F=2

8’Rb : 6,835 GHz
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Two photon coherent population trapping

BS )\_/4 Etalon

EOMJJ_[ F
ECDL A1 1 . > "
— Frequency condition of 2 photons
| Rb cell inside Solenoid dark resonance is fulfilled when :
| | magnetic shielding
Stabilization Al = A2
scheme Polarizer {( (\ PD
N U D
| Then,
\\\ 0000000000 }}}
6.835 GHz

w2 —wl = wo

Frequency

Counter frequency

synthesizer

I .
®~— vexo fk—— PD | Jleckin || | 8/Rp : 6 835 GHz
Controller Amplifier ’

« Coherent population trapping resonances with linearly
polarized light for all —optical miniature atomic clocks », S.
A. Zibrov, Physical Review A (2010).
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Coherent population trapping : Extension to three photons

D
| 3/2> 397nm 729nm
Kp K.
1S1/2)

« Quantum coherence and population trapping in three-
photon processes », C. Champenois, G. Morigi and J.
Eschner, Physical Review A (2006).
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Coherent population trapping : Extension to three photons

Weak coupling compared to others transitions,
so we can use the small perturbation theory to
simplify the system.

--------- 5o-eA G
D
ID3/2) 397nm 729nm

Kg K,

N,
« Quantum coherence and population trapping in three-
photon processes », C. Champenois, G. Morigi and J.

Eschner, Physical Review A (2006).
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Coherent population trapping : Extension to three photons

Simplified dressed state picture

| Py/2)

| DS/ 2> 39Tnm 7290
Kp K.
Qr
|51/2) N

Weak coupling compared to others transitions, | Os) ~| Ds »)
so we can use the small perturbation theory to

simplify the system. | D3/2)

« Quantum coherence and population trapping in three- Coupling coefficient : o = oy

photon processes », C. Champenois, G. Morigi and J.
Eschner, Physical Review A (2006).
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Interest to extend at three photon

Three-photon resonance condition :
Ap +A-—0g=0

The frequency combination is then

""""" ;" Ac referenced to the magnetique-dipole
/ I“OCa . 1,819 THz transition :
Wy + We - wg = 1,819 THz
|D3 )
729nm
K.

« Terahertz Frequency Standart Based on Three-Photon
Coherent Population Trapping », C. Champenois and all,
Physical Review Letters (2007).
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Phase transfer by a frequency comb

Clock laser :

,—,L 729nm o ]
1 Clock Laser e Full Width Half Maximum = 3 Hz
TO94dnm . .- )

° . 15
377,1;11;, s s Relative stability at 1s : 6.10
A A11TH 2
I(a.u.) 866111
346 T H = To Ions
. A
jr(%p
-
SOM H =
i
>
2 S v(Hz)
8667171 >¥ 794 rrn
ECDL =0 Ions ECDL >SHGTo Ions

« Phase transfer between three visible lasers
for coherent population trapping », M.
Collombon and all, Optics Letters (2019).
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Frequency computing

[ ] .
N Repetition rate measurement Laser frequency :

V:N*Frep+Fbeat

Av= N * AF, ., , uncertainty of the order
of 10 kHz.

ORI G At kb . o= v

Ll e e

AVry, = (Nggs + Nypg — 2 % N7gy) * AF..p .,
uncertainty of the order of 10 Hz.

Time (s)

Congres Société Francaise de Physique



(AIX Marseille Pi?uﬁ\ A# M I d ex %eﬁmeva Riii / TR

LI N I\/e rS I te Initiative d’excellence Aix-Marseille

laitiati sececee Provence-Alpes-Cate d'Azur

Experimental setup

Detection
system

Photomultiplier |_‘ - CCD Picture of a cloud with

a thousand ions at 10 mK

CCD [~

Detection Window

K779

K397

DC 1 DC 2 DC 3 The ion trap
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Interrogation method

Induced fluorescence in function of 866nm laser frequency
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Detuning of 866nm laser (MHz)

Once each laser is locked on the comb, we sweep 866nm laser frequency by sweeping frequency
reference of the phase-lock.
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Interrogation method

Induced fluorescence in function of 866nm laser frequency
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Detuning of 866nm laser (MHz)

Once each laser is locked on the comb, we sweep 866nm laser frequency by sweeping frequency
reference of the phase-lock.
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Interrogation method

Induced fluorescence in function of 866nm laser frequency
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Once each laser is locked on the comb, we sweep 866nm laser frequency by sweeping frequency
reference of the phase-lock.
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866nm laser intensity influence

6
f (Hz) S The dark line is a linear fit of this
4 plots, with slope 13,8 * 1,8
kHz/mW.
3
2 The limit shift for null power is
, equal to 4,8 * 3,4 kHz.
U | | | | | |
0 0.5 1 1.5 2 2.5 3 35

« Experimental Demonstration of a Terahertz Frequency
Reference based on Coherent Population Trapping», M.
Collombon and all, arXiv (2019).
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Other source of broadening

One of the source of broadening is the 15t Doppler effect,

—
— — > — K397 X
(K397 — Kges = K7z9) ¥V = Ap 4+ Ac - Ag —>< — )
K effectif ~K729
The broadening comming from the first order doppler effect . .

is estimated at 20 kHz in our experiment. Ktfectif= K397 = K799 -

An other source of broadening is the fluctuation of the local
magnetic field, estimated at 15 kHz in our experiment.
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Set the compensation of temporel fluctuation of magnetic
field.

5 K397 .
K effectif 76 mrad 64 mrad (

Implement 15t order Doppler effect free configuration. ,g’

Evaluate every source of shift.
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Confinement d’lons et Manipulation Laser team
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Confinement d’lons et Manipulation Laser team
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