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Quantum-assisted Astronomy Spectrometer

Two light sources options Spectrometer
GJC scheme S Y SNSV scheme g / Collimator \
S = S =
¢©% ¢©% Source 1 O ~_ @ Y Y > \
70N 70N | . ‘f“"“‘}. Trli__er:;al Input
. ol ™ f e g . Light e
Far away — — o By M, . ,., Source Fibre g Diffraction
astronomical objects Optics Grating
—l
S || NN - 2:1
SPDC F|bre

LinoSPAD2

/

b

Beam Beam
Splitter .+ Splitter

Baseline Distance

Ve || % L
Fw AL A

- Detector
‘JJ 5

LinoSPAD2 sensor
9512 linear pixels

Data-drive operation

Entangle Photon Detector

PairSource ] e e i s s el e i i i s s
Gottesman-Jennewein-Croke (GJC) Stankus-Nomerotski-Slosar- R mREmRm
. Vintskevich (SNSV
* Seminal work ( ) Temporal resolution
* Relies on quantum repeaters * Simplified requirements for a quantum _ 40 —
and entangled photon pairs advantage of astrometrical measurements . Spectral resolution 35 | S:‘“Si'sa‘gfgtps-
Main Cha”enge: ¢ RelieS on two eﬂ:eCtS: HanbUI’y BFOWH - 8i y —— Data %30 P
- 77 \ 0=0.045 nm =
quantum repeaters TWlSS and the HOHQ-OU-Mande| . A=794.932 nm TR
. . | S|
A technology that still requires =5 ;15
further development £ £
© 3- I A=810.154 nm =
Gottesman, D., Jennewein, T., & Croke, S. 2012, PRL 109, 070503 5 | a=0.054 c |
1- [ 0 onn o [ N0 o,
: . N L, 17600 17800 18000 18200 18400 18600 18800 19000
0] e = Ee—— e e e~ Time difference [ps]
790 795 800 805 810 815 820
Lab Demonstration SPDC photons
© ArLamp2 Eleguency Argon lamp SPDC provides simultaneous photons
D, .
. Polarisation b\ Measured data Spectral resolution ~0.05 nm Tempo;ra(; res]?lutlon 57| PS r‘:or a photon
filtcs air = s for a single photon
Vard _ —— Fitting results P P Jep
‘ be(;r;n sO IEIE:;I
I N b g " ' SPDC Characterizati
Py N2 E L | haracterization
[ ' shifter = [ 1 ey 797 25 - - -
< ' Il 1.0 |
o ) | |'|"::' _
\ Mirror Gg) ( 796 20'_‘;; 08¢
i @ Detection g i | E 795 15% %0.6 -
\.l%m S | T 794 g EM _
11? ! 4 if % 10'46 § .
D, ~ 793 E Z0.2 i
Ar Lamp 1 0 5 10 15 20 25 30 35 5 E
~ Time (min) 192 = oo . .
L. SVH . “*/ Two-photon coincidences count rates for o1 . O
A o A &5 the oscillations fqr chgnnels 1&3 i.n th_e et e e Down-converted photons spectrum
o L | U e OO SNSPD data set with with VV polarization. Joint Spectral Intensity Non-degenerate
: ) e Benchmark
E E L2 ' = 02ams VH: Measured data Theory fitting 1 T
£ —~ L o R oo it Assuming same resolutlo.ns (temporal and spectral)
5.  owus 5. owaswn Clandles apply to a single photon.
o R— B e o K’\ / \+ i A =800nm and AA = 0.042 nm= AE = 8.1 X 107> eV;
1.0 | e e ;l\.. N - v DURE RgnEne 1.0 4 0.075 1 w' 0.075 1
4 ) ) > a 4 5 0 > 4 j0050< \ 0.050 At — 40 pS
t (ns t (ns "9 0.025 1 ¢ . 00251 | _
I HBT peaks I ; 0000 i/zls 45 675 90 1125 135 1575 1220 0.000°=3 25 45 675 90 1125 135 1575 180 AEAt — 3'3X 10 15 eVS : Only a faCtor Of 10 from h/z
. g Crames 383 ™ Ty (Heisenberg Uncertainty Principle)
O SPAD noPol O SNSPD noPol O SNSPD Pol § 0:150_ 0:150_
B3 AN
Z o @ @ g s N AR
g . . il I _ o Two-photon amplitude interferometry for precision astrometry
> 00251 4 i ~— 0.0251 | 5 —
Aé 00003 25 45 675 90 1125 135 15\2.5 180 0.000°=3 25 45 675 90 1125 135 15!7.5 180 The Open J . AStrOphyS. 5 (2022).
& o2 . 5 Polarization Angle (degrees)
—~ © © . ag ey .
=i ° ° ] Visibility of two-photon detections as a
' O . . . .
~ 0.0 function of polarization angle Towards Quantum Telescopes: Demonstration of a Two-Photon
T E T s Interferometer for Quantum-Assisted Astronomy

Channels Pair

arXiv:2301.07042

Oscillations observed when expected to happen. \/

Fast spectrometer near the Heisenberg limit with direct
measurement of time and frequency for multiple single

Different detector technologies tested. \/ photons
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Theory and experiment in agreement. \/

In-lab successful proof-of-principle demonstration. \/
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