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Our approach: SII with optical telescopes
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A few Milestones 

2017

2018

2019

2020

Feb.: Bunching with star light (one telescope)

Oct.: Intensity interferometry with two telescopes

Aug.: SII at Ha on P Cygni, refinement of the star’s distance

Apr.: Bunching at SOAR in one night (h Car)

Jun.: Successful lab test of a nontrivial synchronization procedure for long-baseline SII

Feb. SII at Ha on Rigel

Aug.: SII at Ha on P Cygni (again)

Proposal for SII with segmented mirrors

2022 Jan.: SII on g Cas  between the laser ranging telescope and a 1 m mobile telescope

March: Technical run (6 nights) at Paranal on two ATs at their maintenance station (baseline 49 m)

2023 May: Technical run (5 nights) at Paranal on three ATs at standard stations

2025 Jan.: ERC Project starts
Multiple on-sky tests in Calern, collab with TU Delft,…
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IC4Stars (Intensity Correlations for Stars) 
Project overview:

 Develop quantum-optics measurements in astrophysics using modern photon-
counting techniques.

 Measure the angular diameter of white dwarfs beyond the reach of direct optical 
interferometry.

 Search for astrophysical quantum light sources, particularly random lasing, through 
second-order photon correlations.
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Motivation: Sirius B
Spectra, modeling, stellar parameters

Liebert et al. (2005)

Star atmosphere modeling

Surface gravity and effective temperature
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Wikipedia (Tomruen)

Wikipedia (FrancescoA)

HST, NASA, ESA, H. Bond (STScI), 
and M. Barstow (U. of Leicester)

● M
Sirus B

 ~ M
Sun

● D
Sirus B

 ~ D
Earth

● θ ~ 30 μas

● m
B
 ~ 8.4

Objective: Sirius B
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Barstow et al., MNRAS (2005)

Objective: Sirius B
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● Sirius B, m
B
 = 8.4

● N
ph

 (λ = 420 nm) = 4.6 × 10-8 ph/m2/s/Hz  (HST)

● Light detection and throughput ~ 0.1 (QE, atm, optics)
● Electronic jitter ~ 35 ps RMS
● 16 spectral channels
● SNR ~ 10

  2 nights at Subaru-Gemini (790 m)∴

Objective: Sirius B, feasibility assessment
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Intensity Correlation for Stars, IC4Stars (2025 ‒  )

● Two Data acquisition 
stations (DAQ)

● Synchronized in the pico 
second scale

● Write the raw time tags 
of every detected photon 
on disk

● Compute g(2) off-line in 
software (in-the-field)

    

  Unlocks long baselines
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Fast single-photon detector

 QE ~ 33 % at 420 nm, PDE ~ 22 %
 Jitter ~ 18 ps RMS
 Dark Count Rate < 100 CPS
 Sensitive diam. = 8 mm (easy to focus)
 Large size and requires cooling

PhotonPix (Photonscore)
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Fast single-photon detector 

+ internal parameters: High Voltage, Zero Cross 
and Threshold VS jitter, dark count and count rate 
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Optical module
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Observation campaign at C2PU - Observatoire de la Côte d’Azur
Apr-2026
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Observation campaign at C2PU
 - Observatoire de la Côte d’Azur

- Raw time tags written on disk
- DAQ Stations sync’ed with 30 m fiber
- Off-line g(2) computation in software (in-the-field)
  - Approx 6 min of computation per hour of DAQ
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Observation campaign at C2PU - Observatoire de la Côte d’Azur

Single-Photon detector: PhotonPix, Photonscore
TDC: Time Tagger Ultra, Swabian Instruments
White Rabbit: WR-LEN, Safran
Pulse Generator: DS345, Stanford Research Systems
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Observation campaign at C2PU - Observatoire de la Côte d’Azur

Observation run parameters:
● Three nights, 21.5 h total.
● Count Rate = 1.6 MCPS (average)
● Main targets = Regulus and Vega
● λ

0
 = 417 nm

● Δλ = 1 nm (interference filter)
● ~ 2 TB of raw time-tags
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Results: sync with 500-m fiber, on-sky
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Results: sync with 500-m fiber, on-sky

Midnight: 00:00 h of 3-Apr-2026
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Results: 
bunching

SPIE Telescopes 2026
DOI: 10.1117/12.3104836 
arXiv: 2606.25817
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IC4Stars Sirius B Roadmap

● Stage 1: One spectral channel
● Data acquisition validated on-sky. To be tested at Hawaii on Feb 2027.
● Optical module validated on-sky.
● Full deployment at Hawaii on late 2027 on sky.
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IC4Stars Sirius B Roadmap

● Stage 1: One spectral channel
● Data acquisition validated on-sky. To be tested at Hawaii on Feb 2027.
● Optical module validated on-sky.
● Full deployment at Hawaii on late 2027 on sky.

● Stage 2: 16 spectral channels
● Same Detectors and DAQ of Stage 1
● Upgrade: Optical multiplexing

● Stage 3: Order 100 spectral channels
● Upgrades in DAQ, multiplexing and detectors (SPAD arrays, SiPMs, SNSPD)
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Stage 2 R&D: Multiplexing with discrete detectors
Design: Filters in cascade

Det.

Filter

Alluxa Filters:
• 1 nm bandwidth
• OD6 
• T~R~97%
• Shift ~ 1 nm/deg
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● To optimize SNR, both polarization and 
spectral multiplexing are used

● Filters are efficient in a single polarization

● Free space design 

PBS

Filters
Telescope 
Focus

Photon budget
Det. QE 25%

Instr. 88%

Gain in SNR:
● Theoretical = 4 (16 channels)
● Design       = 3.07

Stage 2 R&D: Multiplexing with discrete detectors
Design: Filters in cascade
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Stage 2 R&D: The challenge of the mutual coherence time

Loss of SNR due to λ0 mismatch

Design requirement: 
● 0.1 nm mismatch
● 0.1 deg mechanical tolerance 
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Stage 3 R&D, Collaboration with TU Delft
Superconducting nanowire single-photon detectors (SNSPDs)

- Collaboration with TU Delft, Calern campaign Nov-2026
- C2PU 2 × 1 m telescopes, 15 m baseline 
- Hα band, fiber-coupled optical module, MMF, 100 μm core 

- 4 pixels per channel, FWHM (1 pixel). Jitter = 50 ps at 1 MCPS
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IC4Stars Sirius B Roadmap
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Outlook - Objective: Sirius B
● IC4Stars current status:

● Stage 1 R&D completed. 
● Overall Time jitter 35 ps RMS On-sky, raw time-tags.

● Scheduled short-term plans to deploy the setup:
● November 2026: SNSPDs at C2PU (Collab. TU Delft)
● January 2027: Long baseline, at C2PU + MéO (150 m)
● February 2027: DAQ sync at Hawaii

● Work-in-progress: 
● Stage 2, Wavelength multiplexing, 16 spectral channels
● Stage 3, scalable setup (SNSPDs, SPADs arrays, SiPMs)

● Future challenges:
● Blockage of Sirius A.
● Geodesy at 35 ps ~ mm scale
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Stage 2 R&D: BONUS – Comparison Grating vs Filters

Grating Instr. Filters Instr.
Fibered ? Yes No
Spectral bandwidth per 
channel

0.9 nm 0.81-1.10 nm

Temporal resolution 43.6 ps 38.9 ps
Transmission 54% 88%
Multiplexing factor 1.90 3.07
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