CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Implementation of ALOHA up-conversion

interferometer at 3.39um (L band)

Ludovic SZEMENDERA - Xlim Photonics
PhD supervisors : F. REYNAUD and L. GROSSARD

Monday 14" march 2016

7 g
X Aeus & wo H
. ™ s - 3) Cbssrvatoir
Lwrww};‘\b\k:l\n%!‘sl\ & . I@famlre . M g QE)) T —

ion of ALOHA up ion inter at 3.39um (L band) 1/20



CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Contents

General framework

Theory and technologies

In-lab results

Conclusion and broad perspectives

of ALOHA up ion inter at 3.39m (L band)

2/20



CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

General framework

of ALOHA up- inter

at 3.39m (L band)




CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Several instrument projects adapted for MIR and FIR have already been
proposed :

Their sensitivities are limited by the noise generated by optical elements
(black body emissions)
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Advantages of the synthetic aperture and
nonlinear optics combination

Transposing infrared signal into visible or NIR domain
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Advantages of the synthetic aperture and
nonlinear optics combination

Transposing infrared signal into visible or NIR domain

m avoid noise linked to the detection chain;

m allows to benefit optical guided elements (fibers) ;
m allows to realise spectral filtering (tunable) ;

m allows to benefit efficient detectors (silicon).

ion of ALOHA up ion inter at 3.39m (L band)



CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Theory and technologies
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Frequency transposition thanks to sum frequency
generation
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Sum Frequency Generation (SFG)
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It is led by two equations :

power conservation :

Ve =Vp+Vs
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It is led by two equations :

power conservation :
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Quasi Phase Matching condition :
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It is led by two equations :

power conservation :

Ve =Vp+Vs
Quasi Phase Matching condition :
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Sum Frequency Generation (SFG)

Normalised conversion efficiency

Signal source
1 (HeNe:laser)
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Our nonlinear crystals : PPLN

Dichroic

4 mirror

PPLN : Periodically Poled Lithium Niobate
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Our nonlinear crystals : PPLN

Key features of the crystals
given by the university of

Paderborn (Germany -) :
3)39 Dichroic
un\ A mirror

m they are guided (single mode
@3.39 um) ;

m they have got "tapers";

, W s 1 m they have an HR mirror
& ®Sn, @1064 nm;

31% m their output face is slanted
" (Fresnel’s reflection ~ 14%
@1064 nm).
PPLN : Periodically Poled Lithium Niobate
=] F = E E DA
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Cristal’s temperature control

PPLN’s temperature are controlled in order to :

of ALOHA up

at 3.39m (L band)




CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Cristal’s temperature control

PPLN’s temperature are controlled in order to :

m obtain a tunable spectral filtering ;

of ALOHA up

at 3.39m (L band)




CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Cristal’s temperature control

PPLN’s temperature are controlled in order to :

m obtain a tunable spectral filtering ;

m avoid temperature gradients (better efficiency and stability) .
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In-lab results
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Efficiency measurement

PPLN M P, measuring
A" :
point
P, measuring
i 1065
point Singlemode > o P measuring
optical fibre c Measuring
point
Delay line
A
A l A Detector
Coupler
* Shaffter + filters
Spectrum
m Ps : signal power
(As = 3.39 um)
m P¢ : converted signal power

(Ac = 810 nm)

m Pp : pump power
(Ap = 1064 nm) L
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Efficiency measurement

P, measuring

point
P, measuring Pump

i @ 1065nm
point Singlemode

optical fibre

Filters 12

P.measuring
point

Delay line

Detector
Coupler

Shaffter + filters
Spectrum

m Ps : signal power

(As = 3.39 um)
. According to this definition, 1 includes :
m P¢ : converted signal power
(7\’0 =810 nm) m SFG efficiency

m Pp : pump power
(Ap = 1064 nm)
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Efficiency measurement

P, measuring

point
P, measuring Pump

i @ 1065nm
point Singlemode

optical fibre

Filters 12

P.measuring
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Delay line

Detector
Coupler

Shaffter + filters
Spectrum

m Ps : signal power

(As = 3.39 um)
m P : converted signal power According to this definition, 1 includes :
C -
(A¢c = 810 nm) m SFG efficiency
m Pp : pump power m insertion losses

(Ap = 1064 nm)
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Efficiency measurement

P, measuring

point
P, measuring Pump

i @ 1065nm
point Singlemode

optical fibre

Filters 12

P.measuring
point

Delay line

Detector
Coupler
Shaffter + filters

Spectrum

m Ps : signal power

(As = 3.39 um)
. According to this definition, 1 includes :
m Pc : converted signal power .
(Ae = 810 nm) m SFG efficiency
m Pp : pump power m insertion losses
(Ap = 1064 nm) m losses due to filtering
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First in-lab results with a high flux MIR source

A Ay Pak at

0 . -

H H H H HH HH HH / Experimental conditions
LA AT = m Ps;~ 500uW
CHHR T A = =

IR AT IR mEn~1-10
IR IR IRIR R

1 N T AR

We got first interferometric fringes from a converted signal at 810 nm from a
MIR signal at 3.39 um

C,ZJSP = %ﬁ("") Measured contrast is 97.2%.

Publication : In-lab ALOHA mid-infrared up-conversion interferometer with high fringe contrast
@A\ = 3.39 um - MNRAS v0l.457 - n°3 - fev.2016
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Method of contrast measurement in photon
counting regime

Time
interferogram

Mesures du contraste
time frame acquisition (single photon
Time

counting module)
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counting regime

Time
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CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Method of contrast measurement in photon

Mesures du contraste

time frame acquisition (single photon
counting module)

calculation of the SPD on each frame (VI
LabView®©)

DA
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counting regime

Time
interferogram

Time

|FFT(P,)[*= B(v) l
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fringes peack
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Method of contrast measurement in photon

Mesures du contraste

time frame acquisition (single photon
counting module)

calculation of the SPD on each frame (VI
LabView®©)

integration : summation on all SPD (VI
LabView®©)

o F = = £ DA
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Method of contrast measurement in photon
counting regime

interferogram
Mesures du contraste
v

time frame acquisition (single photon
counting module)

Time

FFT(P.F= B(v) l calculation of the SPD on each frame (VI

LA )
Densit

integration : summation on all SPD (VI

3 fringes peack Lab V/ew@)
o W
Frequency v Noise
Experimental conditions

Zﬁames l X

- m Frame time : 400 ms

" SBW m Number of frames : from 300 to 1200
! E[B(v.)l
o = = = = HA
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Contrast calculation

B(v)

B= (N, #EODC)*+<N,>
S

r 3

(N, +EODC)*
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Contrast calculation
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Contrast calculation

B(v)

B(vr)
B= (N, #EODC)*+<N,>
S
r 3
(N, +EODC)*

® Npoq : converted photons
(on fringe channel)

- NT2
vi = Nmod

photons

v

m Ny : converted photons

m (Ng); : average number of

m EODC : electro-optic dark
count
Contrast calculation
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Thermal background

A, =810nm

L c—
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Thermal background

A, =810nm

L c—

eo Blackbody emission
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Thermal background

Blackbody emission at 20°C

350,

A, =810nm

N, (1000xhv/s/mode)
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eo Blackbody emission
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\ =575 — 1= 1000k
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Thermal background

Blackbody emission at 20°C

350,

A, = 810nm

At 3.39

~ 5%

N (1000xhv/s/mode)

L c—

eo Blackbody emission
|— T=1150K
\ g — 7= 1000

— T=850K

R \ Experimentally
: / N With 100 mW pump power, we observe
= /I/ \ - due to thermal effects.

A (pm)
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Parametric fluorescence and cascading effect

A, =1064nm

W,

a pump photon generates a signal
photon and an idler one

A, =1550nm

A, =3.39um
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A, =3.39um

the signal photon is recombined with
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Parametric fluorescence and cascading effect

A, =1550nm

a pump photon generates a signal

photon and an idler one

A, =3.39um

the signal photon is recombined with

a pump photon (SFG) to produce a
photon at 810 nm

Experimentally
With 100 mW pump power, we observe
20cp/s | due to parametric fluorescence.
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Results on the photon counting regime

Signal power @1pW on each

interferometric arm
(= 2 x 107 photons/s)

m contrast : 98.6%

m signal to noise ratio : 190

SNR and Contrast evolution 180

7 170

150) / 160
/ 150
e
= / —SNR = 190.02 |1
Z, 100) o
] * — C=9856% ||,
/ 120

s %\_jgnal power (MIR) : 1.0 pw
110
100

/

50 100 150 200 250 3 %0
Number of measures
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Results on the photon counting regime

Signal power @1pW on each Signal power @80fW on each
interferometric arm interferometric arm
(=~ 2 x 107 photons/s) (= 108 photons/s)
m contrast : 98.6% m contrast : 94%
m signal to noise ratio : 190 m signal to noise ratio : 6.7
SNR and Contrast evolution SNR and Contrast evolution

180 350

o E
/ ‘W 300

A
WAV
150) / 160 i A M
150 250
e ) v
140

=] = SNR =190.02 =] R — SNR=6.7
Z 100) / o | &} z P ;12000
@ * — C=9856% |l,3 @ hJ C=94.09%
2 i .
/ 120 Signal power (MIR) : 80.0 fW 150
50 Signal power (MIR) : 1.0 pw )
110
N 100
/ 100 0
50 100 150 200 250 3 %0 200 400 600 800 1000 120500
Number of measures Number of measures
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Conclusion and broad perspectives
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Conclusion : overview of done work

At the moment, ALOHA project has a promising balance :
building and tests with the in-lab set up
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Conclusion : overview of done work

At the moment, ALOHA project has a promising balance :
building and tests with the in-lab set up

first fringes with a high flux source — MNRAS february 2016

first fringes on the photon counting regime —— publication in progress
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Broad perspectives

New tracks for the future :

improvement on performances (new crystals, architecture, etc)
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Broad perspectives

New tracks for the future :

improvement on performances (new crystals, architecture, etc)
fringes with a blackbody source
implementation on site
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