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Outline

IC4Star project : 

1) High angular resolution : white dwarf Sirius B

2) Quantum optics from space : random lasing from Eta Car
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Second generation of intensity correlations for astrophysics

Goal : revive intensity correlation to

• Overcome baseline limitations by amplitude interferometry : g(2)(r)

• Open an quantum optics eye to space observations : g(2)()

Why now : 

• Take advantage of quantum optics detection toolbox (fast photon counting)

• Record full temporal correlation function

• Combined expertise (astrophysics, atomic and quantum physics) available in Nice

• Maturing astrophysical community (CTA: Veritas / Magic, Asiago, …)

• Quantum Optics in Space for (quantum) communications
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What next : IC4Stars
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i. interferometric recombination 
(VLTI, Chara, NPOI < 300m)

ii. intensity correlations g2(r)

        Hanbury Brown & Twiss 
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Resilient to atmospheric turbulence (+ no adaptative optics required)

Scalable to larger distances (ELT/VLT and beyond)

Use of existing infrastructure 
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High angular resolution for stars :   ∆𝜃 ~
𝜆
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𝝀~𝟒𝟐𝟎𝐧𝐦, D ~ km

𝜆~mm

D=12000 km

µ  resolution : similar to Event Horizon Telescope



• The price to pay : low signal to noise ratio

𝑆𝑁𝑅 = 𝑁𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝐴 𝜂 𝐹 𝜈  |𝑉 𝑟 |2 𝑇
𝑜𝑏𝑠
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Multiplexing

N=16

Keck/CFHT 

10m/4m Fast SPD 

el=20ps

𝑆𝑁𝑅 ∶ ×  4 × 40 ×  4  × 640
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𝑇𝑜𝑏𝑠 ÷ 400 000 



Pi Imaging  :  2 SPAD
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Photonscore : 2 x 16 LINPix



Multiplexing

To be done 

• double 

system, 

• efficiency

• calibration 

• stabilility
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Dichroic: 

420 : LINPix

500 : SPAD



Synchronisation @ ps over 1km 

16  ps

1  ps

1)

2)
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Count rates : 

Sirius B

Quantum efficiency : 90%

Throughput : 20%

Keck: 110 000 cps

CHFT : 18 000 cps

D=11700km

L=8.6 light years= 8 10^16m

=30µ
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(?)

Angular resolution of a white dwarf 



Pauli blocking for in degenerate Fermi 

gases

White dwarf : 

T/Tf 10-6

k/kf  10-6
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Light we see from Sirius B 

only from an outer shell of 100-300m



Path-opening on Sirius B (white dwarf) : 

quantum degenerate Fermi gas of electrons

(?)
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Mauna Kea @ Hawaii

SNR   6 

in 1 hour 

observation time  !!!!

Beyond reach of present instruments
(?)

Magnitude=8.4

Photon 

Bunching

• @  = 420nm

• D=630m



Background contribution of Sirius A 

• Turbulence : does Adaptive Optics (AO) help? 
i) loss of flux and more complex logistics if we would do so

ii) beyond 5 arcsec AO is not helping, only corrects turbulence up to 2-4

iii) At 10: diffraction more important than turbulence (1/r11/3)

Sirius B

Sirius A

Sirius A / Sirius B : 10 000

@420nm : 1 000 Nov, 27th 1966

Distance to Sirius A : 8

• Diffraction 
Keck : 

i) segmented mirror : 1/r2 every 60 degrees of azimuth, 1/r^3 at 30 degrees

ii) Alt-AZ mount : spiders (1/r2 - 1/r4) : rotate through image plane (loss of some data)

CFHT : 

i)    Circular mirror : 1/r3

ii)  Equatorial mount : ‘fixed’ spiders : 1/r2 –along north/south & east/west ;  1/r4 elsewhere : Sirius B 45° at north-west ☺

• Chopping : 

Dark count rate from Sirius B by tilting the detector out of Sirius B every 10s

Okayama : Diameter 1.88m  / Seeing: 1

Equatorial mount

CFHT Keck
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Benchmarking @ Calern

yellow hypergiant :  Cas  : M4.5,  2.4 m

• WP2.1 :  g2(r)

O-type star : 10Lac : M4.88  0.11 m

MeO

C2PU
15m

GI2T
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Exciting targets for ultrahigh angular resolution in astrophysics : 

M12 / 20 µ

WR 124• Wolf Rayet Stars 

      (before Supernovae type II explosion) 

• Binary White Dwarfs 

      (before Supernovae type I explosion) 

T Cor Bor: recurrent nova? 

M10

M11.5 / 100 µ

NGC4151
• Black hole accretion disks

3C 273 brightest quasar 

(supermassive black hole)

M12.9
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VLT + Vista : fibered instruments installed

4 UTs : 4*8.2m (effective 16.4m diameter) -> Espresso (380-780nm)

Vista 4m -> 4MOST (400-920nm)

                                                                     Distance : 1.4km



Outline
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2) Quantum optics from space : random lasing from Eta Car
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F.T. Arecchi, E. Gatti, A. Sona, Phys. Lett. 20, 27 (1966) 

Poisson statistics of laser => g(2)(=0)=1

Thermal light => g(2)(=0)=2

Quantum theory : R. Glauber (1963 => Nobel 2005           ) 

Second order coherence  ≠ first order coherence



g2 vs g1 : 
Second vs first order coherence

(i) <E>=0

(ii) Gaussian correlations

    Siegert relation:          g2()-1   |g1()|2 

Intensity correlations TF [Optical spectrum I()]

Deviation from Siegert relation: lasing (i) or Non-Gaussian correlations (ii) 

arXiv:2311.13503v1
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Hodara formula :

Proc. IEEE 53, 696 (1965)

=1      Siegert relation

=0      laser

Relative intensity noise



From Galileo (1564-1642) to Hubble Telescope (1990-2026?) & JWST

Direct imaging : large telescopes

Phases of Venus

Eta Carinae

Black holes, dark matter, 

universe expansion…
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• Cavity Laser
Ingredients:
• Gain Medium

• Cavity 
→ Feedback & Mode Selection

Pump

Gain 

Medium

Mirror Output 

Coupler

• Random Laser
• Gain Medium

• Multiple scattering
V.S. Letokhov, Sov. Phys. JETP 26,  835-840 (1968)

1939–2009

Random lasing



Atomic physics laboratory experiments

Goal : find spectroscopic signatures of gaseous random lasing
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Bunching g2(0)=2 

Superbunching  g2(0) > 2 

No bunching g2(0)=1     ? 



Goal : find quantum optics signatures in star light

Eta Carinae 

one of the most massive and luminous stars known
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Bonus : quantum astro-optics : coherent light sources

• Random laser with 

4 level scheme

SOAR

(Chile, southern hemisphere)
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Fe II: 
population 

inversion at
0.99 / 1.6 /1.7 µm

Ly

• Lasing signature : g2() on a single telescope

Eta Car

pump

Fast 

decay

Fast 

decay

stimulated 

emission :

Lasing

Thermal light

Laser



http://arxiv.org/abs/1103.4671v1



Benchmarking @ Calern

H

yellow hypergiant :  Cas  : M4.5,  2.4 m

• WP2.1 :  g2(r)

O-type star : 10Lac : M4.88  0.11 m

• WP3.1 :  g2()

P-Cygni : M4.82

(-Car of the north )
=656.3 nm

MeO

C2PU
15m

GI2T
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Looking for further targets

GG Car (V=8.70) -> ~ 2.4 kpc P-Cygni (V=4.82) -> ~ 1.55 kpc 

HR Car (V=8) -> ~4.8 kpc =656.3 nm



• Ultra-high angular resolution in astrophysics : g2(r)

• Quantum eye on astrophysics : g2()

Beyond IC4Stars
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New J. Phys. 20,  063016 (2018)





Open positions (PhD, postdoc)
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