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Cancellation of laser phase noise
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- Qur research - Phase noise decrease fidelity - Fourier Frequency and time-scale
We manipulate atoms trapped in an array To improve fidelity and meet the requirement for quantum error
of optical tweezers and try to develop correction, 3 main sources of error have been identified :
guantum computation and simulation. Doppler shift, spontaneous emission, laser phase noise.

. _ De Léséleuc et al 2018 Phys. Rev. A 97, 053803 0) § Slow = constant
We manipulate atoms using lasers and ~ | | |

perform quantum gates : building blocks
of quantum computers.

Phase noise that matters Is In the time-scale of the
Rydberg excitation !
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Rydberg excitation

S 800 single atoms ! Harry Levine et al 2018 Phys. Rev. Lett. 121

Phase

. ULE Fabry-Perot cavity’s error signal - Feedforward for high frequencies !

—eedback is limited by the time the information takes to go to the correction point.
‘ — spp(f) = K | Reaching 1 MHz is already a challenge...
. 8 &7 14+ 4if/fe. ~eedforward doesn’t suffer this limitation !
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the phase noise ! ~100mV/MHz.

106 | —— Feedforward OFF
Feedforward ON
—— Detector limit

I VS II Reaching
measurement limit

\ Bandwidth

— Noise limit

T(1) = E2 coslo(t) — bt — | From 1 MHz

(t) U;?g[@( ) .. ot — ) Quadrature point ! @ up to 20 MHz

~ Eglo(t) — ot — 7)) Freguency noise cancellation
measurement !

[

o
IS
|

Noise
cancellation
up to 30 dB

-

o
N
I

Frequency '

Frequency noise A,(f) (Hz?/Hz)

Free running Scanning

=
o
o

—— laser noise 10° | I]_E)6 | '167

PD + amp noise

; Noise budget — amp noise Fourier Frequency f (MHz)

ref noise
— MZI

o ° °
: - Noise limit

—— Fabry-Perot | 101

| . ) sin (7w f71 - E —— Feedforward
M\\/JL‘ C(f) _ :l:G f/fc ( f ) 62271'de E 5D noise
i SNR A 1 _I_ ?’f/fc 7Tf7' 100 ——=- Gain error 0.5 dB
>30 dB _ E LP lim (f. = 67.7 kHz)
| ] Delay (0.5 m)
al i MZI (T=18.5ns)

10° 107 109 20 40 60 80 100
Fourier frequency f (Hz) Frequency (MHz)

- Measurements resulis

Oscilloscope Spectrum Analyzer
- 20

10 - |
0 - , - l‘ -

_10 .

101é

100é

10_1g

Sensibility (V/Hz)

1072

PSD of voltage noise (mW/Hz)

Correction ratio

20

i = Frequency noise - ——TTTrTT —T—T T ——TT T
= Detection limit 106 107 108
. Fourier frequency (Hz)

- Packaging of
unean'gfnggggrg! the phase noise
cancellation

" _,"\“ : 1 Remark : The linewidth of

L 2o b S the laser is not the only SYS'I'em
\;* : and -

2 3
wyo. nm/ .
s P N
104« 795nm/ "'-‘# v
«  852nm_MSquared/
107 T T
10% 10¢ 10°

[
o

Voltage (mV)

Frequency (kHz)

Frequency noise A,(f) (Hz?/Hz)

10° 107
Fourier Frequency f (MHz)

AT «,@ relevant quantity to measure

0°

Fmgeimode laser have too much phase noise. - New SYS'I'em for 960 nm doubled to 480 nm

Ti-Sa have very low noise. Adapt the system to 960 nm light and use second harmonic generation to obtain

— Can we find a solution for diode lasers ? noise cancelled 480 nm light used with 780 nm in Rydberg excitation.
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