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The MAST array
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Multi-Aperture Spectroscopic Telescope (MAST)

Array of 20x60cm Newtonian telescopes (PlaneWave 

Instruments) on PW-L550 equatorial mounts.

Each telescope feeds a high throughput 25/30𝜇𝑚 fiber 

into one of two spectrographs (HighSpec/DeepSpec).

Collecting area of a 2.7m telescope @10% of the 

cost!



An invitation

Unfortunately – I have to leave 
Thursday night…



SII with MAST- “Sephira” collaboration

Dr. Sagi Ben-AmiDr. Nick Konidaris Prof. Joachim von Zanthier



Signal to Noise (Trippe et al. 2014)

• SII SNR:

The telescope collecting power is driving the SNR, which makes CT efficient tools for SII.
We are observing bright targets, so sky background is not an issue (but down to what magnitude?)
For 1nm filter, the coherence time is O(1) ps.



The case for spectrscopy
• SNR is not directly affected by the bandwidth

• Measure correlations in many channels simultaneously to boost SNR.

•
𝑆

 𝑁
= 𝑛𝑐ℎ ∙

𝑆

𝑁 𝑠

• Modern detectors/set-ups allow jitter of  O(100)𝑝𝑠
• For 1Å bandwidth, we achieve coherence time of ~10𝑝𝑠

➢Narrow Line Intensity Interferometry will allow us to measure higher values of 𝛾



Room for optical telescope arrays?

With the advent of matrix-
like Single Photon 

Avalanche Diode arrays, 
spectroscopic-like SII is 

the future (?)

To enable standard 
spectroscopy, should we 
aim for improved image 
quality (i.e., comparable 

to that of standard 
optical telescopes)?

What are the sizes of 
telescopes that will make 

such a system cost-
effective?

For many telescopes: 𝑆𝑁𝑅 = 𝑁𝑡𝑒𝑙 𝑛𝑐ℎ ∙
𝑆

𝑁 𝑠

~20 × 1𝑚 telescopes with O(10𝑠) spectroscopic channels equate is equal to a pair of 10𝑚 telescopes 



The smaller 
the better (?)

• Survey Speed

• van Belle et al. (2021) law:  
Telescope cost ∝ 𝐴1.3 

• With small telescopes the ratio is 
even more favorable (∝ 𝐴1.7)

• For equivalent survey speed:

• Cost effective ratio between array 
and pair: 

• Example: A pair of 10m telescope 
vs. 100 × 1.4𝑚 telescopes is an 
order of magnitude less cost 
effective.

APF 2.4m: $15.5M
MAST 2.7m equivalent: $2.5M 

• Spectrometer should be an order of 
magnitude cheaper than telescope.

• Photon count higher than dark current 
(𝑔~10 for 1Å bandwidth and 1m 
telescope is 300ph/s)



Scalable & 

Cost effective

Mobile & 

Simple to use

Motivation

Kilometer baselines & dense (u,v) coverage

Array of small telescopes

𝑁𝑡𝑒𝑙 𝑁𝑡𝑒𝑙 − 1 /2
simultanesous baselines

Spectral multiplexing

𝑁𝑝𝑖𝑥
1/2

 gain in SNR



Science Cases for Narrow Line 
Intensity Interferometry



Be Stars and Rapid Rotators

• Be stars are rapidly rotating, non-supergiant B-
type stars that at some time show Balmer 
emission lines arising from a gaseous, 
equatorial decretion disk.

• H𝛼 emission lines with a line width of 2 − 10Å 
from recombination of 𝑒− ionized by Lyman 
continuum (UV) 

• Requires resolution of ℛ~5,000 to resolve.
• A sub-group is the B[e] stars, where emission is 

observed in forbidden atomic lines from [Fe II]  - 
more complex circum stellar environment.



Spatially resolving the line-emitting disk and 
separating it from the stellar continuum

Continuum (e.g., 640 nm) Stellar photosphere (gravity-darkened, oblate)

Hα line Ionized hydrogen in the decretion disk

Disk geometry & inclination Confirms the Keplerian, flattened structure.

Brightness distribution Tests radiative transfer and density models.

Disk size in different wavelengths Shows where emission arises — inner vs 
outer disk.

Temporal changes Direct evidence of disk build-up, warping, 
or dissipation.

Binary interactions



Brightest Be stars

Achernar (α Eri / HD 
10144) ~0.46 ~43 Star: equatorial UD ≈ 2.45±0.09 mas (very 

oblate) ~0.3–2 mas depending on λ & baseline (CHARA/VLTI) 

β CMi (Gomeisa) (HD 
58715) 2.9 ~49 Hα disk: 2.65±0.10 mas (θmaj) Visible (CHARA/VEGA): down to ~0.3–1 mas; NPOI MkIII 

Hα a few mas. 

α Ara (HD 158427) 2.9 ~74 (Disk sizes published in VLTI MIDI/AMBER; 
Keplerian) VLTI AMBER K-band λ/B ~2–3 mas; MIDI N-band few mas. 

η Cen (HD 127972) 2.35 ~94 (Resolved as a Be star; specific Hα sizes vary 
by epoch) Visible CHARA/VEGA ≈0.3–1 mas typical. 

ζ Tau (HD 37202) 3.01 ~136 Hα disk: 3.14–4.53 mas (θmaj; multi-epoch) Visible CHARA/VEGA ≈0.3–1 mas; MkIII/NPOI few mas. 

δ Sco (HD 143275) 2.3 ~150 Hα disk: ≈4.8 mas; Brγ: 2.9 mas; K-cont.: 2.4 
mas CHARA visible ~0.3–0.6 mas; VLTI K-band ~2–3 mas. 

κ Dra (HD 109387) 3.9 ~151 Hα disk: 1.72±0.20 mas; K-band: 1.65±0.05 
mas ~0.3–1 mas (CHARA/VEGA), few mas in K with VLTI. 

48 Per (HD 25940) 4.0 ~146 Hα disk: 2.10–2.77 mas Visible CHARA ~0.3–1 mas. 

ψ Per (HD 22192) 4.2 ~172 Hα disk: 3.26–4.00 mas Visible CHARA ~0.3–1 mas. 

γ Cas (HD 5394) 2.5 (var) ~170 Hα disk: 3.47–3.59 mas; resolved in K as well Visible CHARA ~0.3–1 mas; K-band ~1–3 mas. 



LBV and WR stars
• LBVs: transitional objects between O-type 

supergiants and Wolf–Rayet stars. Luminosity is 
at the Eddington limit, and hence mass-loss is 
episodic in nature and through massive eruptions

• Progenitor of SN1987A

• Wolf–Rayet (WR) stars are extremely hot, 
massive, and evolved stars that have shed their 
outer hydrogen layers through intense stellar 
winds, exposing their helium-, nitrogen-, carbon-, 
or oxygen-rich cores.

• Progenitors of Type Ib/c CC-SNe

• They are among the most luminous stars known 
and represent a short, pre-supernova phase in 
the evolution of massive O-type stars or some 
binary systems.



Spatially resolving LBV/WR wind structure

• Winds and circumstellar emission-line structures are prime targets. Using narrow 
spectral channels:

• Resolve the wind structure and line-formation region
• Image outflows and bipolar streams
• Distinguish continuum (photosphere) from the extended, line-emitting outflow.

• This lets us probe mass-loss geometry, wind clumping, and ionization stratification — 
all key to supernova progenitors.

• Short-term coherence changes: 
➢probing stochastic clumping
➢resolving evolving ejected shells or bipolar flows

• Combining NLII with high-resolution spectroscopy and polarimetry: 3D reconstruction 
of wind and ejecta geometry



Bright LBV / WR stars

γ Velorum (WR 11) WC8 + O7.5 binary 1.8 C III, C IV, He II
Closest WR system; resolve WR + O separation, map 
colliding-wind region, measure wind size and 
geometry.

VLTI/AMBER in K band on 
80–130 m baselines (λ/2B 
at 2.2 µm), resolving the 
WR+O orbit

WR 140 (HD 
193793)

WC7 + O5 colliding-
wind binary 6.9 He II 4686, C III 

5696
Observe dust formation at periastron; map shock arc 
evolution in narrowband lines.

IOTA (H/K band) with ~35–
38 m baselines; binary 
resolved and visual orbit 
derived.

WR 146 WC6 + O8 6.9 C III, He II Test colliding-wind emission asymmetry; verify 
nonthermal radio vs optical structure. ~3–10 mas (radio)

WR 6 (EZ CMa) WN4b, single 6.9 He II 4686 Bright single WR; use I.I. to measure wind flattening 
from rapid rotation.

WR 22 (HD 92740) WN7 + O9 6.4 He II 4686 Wide binary; study wind interaction zones across 
orbit.

η Carinae (Car) ~4–6 (historic range −1 to 7.6) Imaging and wind mapping at ∼5–6 mas scales in K-
band. 

P Cygni (Cyg) ~4.8 (range ~3–6)
CHARA wind base 0.96 ± 0.02 mas (H-band); NPOI Hα 
resolved at mas-level; intensity-interferometry 
feasibility at similar scales. 

AG Carinae (Car) Typically 5.7–9.0 (catalogued V≈6.96 at a representative 
epoch)

HD 160529 = V905 Sco (Sco) 6.3–6.9 (V≈6.66)

HR Carinae (Car) 6.95–8.80 (catalogued V≈8.42) Companion separations ≈2–3 mas; preferred orbit 
a≈3.3 mas. 



RSG: The Curious Case of Betelgeuse 
• Red Super Giants (RSGs) have extended convection cells, 

covering a significant fraction of the star’s surface.

• RSGs constantly lose mass through a slow, dense stellar wind.
• Mass loss is not uniform — it occurs in plumes and clumps 

driven by convection and magnetic fields.

NLII will allow us to:

• Resolve convection cells and surface brightness asymmetries 
on unprecedented scales.

• Trace chromospheric and wind structures in narrow lines (e.g., 
Hα, Ca II).

• Monitor temporal evolution of surface features and dust 
ejection events over weeks to months.



RSGs

Betelgeuse (α Ori) M1–2 Ia–Iab 0.4 ~50 Hα, TiO, Ca II, Na D Benchmark RSG; convection, surface hotspots, dust ejection

Antares (α Sco) M1.5 Iab 1.0 ~40 Hα, Ca II, TiO Betelgeuse twin; surface structure, wind asymmetry

CE Tau (α Tau C) M2 Iab–Ib 4.3 ~10–12 TiO, Ca II Stable, bright; excellent for repeated tomographic mapping

μ Cep (Garnet Star) M2 Ia 4.1–5.1 ~10–15 TiO, Ca II, Hα Deep atmosphere & mass-loss studies; rich molecular bands

VX Sgr M4–5 Ia 6–8 (var.) ~15 Hα, TiO Extreme mass loss; extended envelope mapping

VY CMa M5–7 I 7–8 ~18 Hα, Na D, TiO Dusty, asymmetric outflow; test for clump dynamics

VV Cep M2 Iae + B 4.9–5.4 ~8–10 Hα, Ca II Binary system; wind and chromospheric interactions

S Per M3–4 Ia 7–10 ~10 TiO, Hα Strong variability; asymmetric wind and pulsation mapping

RW Cep M2 Ia 7 ~9 Hα, Ca II Compact RSG; moderate brightness for line studies

KW Sgr M1.5 Ia–Iab 7 ~8 TiO, Ca II Bright and well-positioned southern target

BC Cyg M3.5 Ia 7.5 ~7–8 TiO, Hα High-luminosity RSG; test case for granulation patterns

UY Sct M4 Ia 8–9 ~10–12 TiO, Na D Among largest known RSGs; ideal for large baseline NLII



SNe Flash Spectroscopy
• Early CC SNe with bright narrow lines (Hα, He I) 

could be studied for flash-ionized circumstellar 
structure on AU scales. This will allow us to map 
CSM geometry directly.

• Resolve the expanding photosphere on 
microarcsecond (µas) scales for nearby SNe. 
Directly measure radius–time evolution, testing 
shock breakout and diffusion models.

• Distinguish between dense equatorial disks, 
bipolar outflows, or spherical winds. Measure 
light-travel-time differences to probe asymmetries 
or clumpiness in the CSM.

• Infer the geometry and timing of pre-SN mass loss 
(months–years before explosion).

• Test whether progenitors are LBVs, RSGs, or WR-
like based on circumstellar structure.



Observing CC SNe with NLII

• SN 2023ixf (Type II) in M101 is the brightest core-
collapse supernova of the past five years. It was 
discovered on 19 May 2023 and reached a visual 
peak of about V ≈ 10.8 on 22 May 2023, brighter 
than any other CC SN since 2020.

• Flash-ionization features were observed in SN 
2023ixf within the first ~1– 2 days after explosion. 
Early optical spectra showed a blue continuum with 
narrow, high-ionization emission lines from H I, He 
I/II, C III/IV, N III/IV/V.

• The flux at H𝛼 after explosion was the equivalent 
of ~3 − 4 magnitudes brighter!

• Angular size of flash feature region of SN 2023ixf 
was ~12𝜇𝑎𝑟𝑐𝑠𝑒𝑐 12 hours after explosion.

➢Required a ~10km baseline

 



cataclysmic variables (CVs)
Binary systems where a white dwarf accretes from a donor.

The accreted material often sets into an accretion disk around the WD.

NLII will allow us to:
➢Determine size and shape of the line-emitting disk.
➢Detect Hot-spot structure where the accretion stream hits the 

disk.
➢Detect changes in geometry with orbital phase.

Velocity–structure mapping in emission lines

• By isolating a narrow velocity slice (e.g. ± 50 𝑘𝑚 𝑠⁻¹ around H𝛼), you 
can spatially resolve different parts of the rotating disk.

• Narrow-band intensity interferometry acts like microarcsecond-
scale Doppler tomography.

• Inner disk → broad wings.
• Outer disk → Narrow-line regions (Balmer, He, Ca II) trace gas from the stream, 

disk wind, or magnetic accretion curtains.
➢ Reveal whether emission comes from polar accretion columns (in 

polars/intermediate polars).
➢ Detect disk winds or jets extending tens of white-dwarf radii.



Feasibility
• For a CV at ~200 𝑝𝑐, a disk radius of 

~10⁹ 𝑐𝑚 subtends ≈  3 µ𝑎𝑠.
At 500 nm, this will requires a baseline of 
≈  20– 30 𝑘𝑚.

• Brightening abnd fading can last from weeks 
to months.

RS Ophiuchi (recurrent nova; RG + 
WD) ~12.5 (q) → ~4.6–5.0 at eruption Red-giant ≈ ∼1 mas (order-of-mag at 

1–2 kpc)

T Coronae Borealis (recurrent nova; 
RG + WD) ~10 (q) → ~2–3 at eruption Red-giant ≈ ∼1–2 mas (𝑅 ≈ 70 𝑅☉ at 

~0.9–1.0 kpc)



Measuring type Ia supernova angular-diameter distances with 
intensity interferometry (Kim, Nugent, et al. 2025)

Measuring angular diameter 
distances of SNe Ia
• Combining their angular size data 

with their known physical 
dimensions allows for accurate 
distance determination

• A direct pathway to calibrating their 
absolute magnitudes and 
subsequently measuring the Hubble 
constant 𝐻o.

• Focusing on optically thick lines 
may simplify the modeling needed 
for size determination



Feasibility Bright as 12 mag. 
• For SNe Ia at this limiting brightness, the local survey volume extends to a redshift of approximately 

𝑧~0.004, yielding an anticipated discovery rate of about one event per year.
• Using multiple telescope pairs at varying relative positions is envisioned to allow for tomographic 

mapping of the ejecta structure, which can reduce distance uncertainties.



Thank you!
Sagi Ben-Ami
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