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Abstract

The Intensity Interferometry technique consists of measuring the spatial coherence (visibility) of an object via its intensity fluctuations over a sufficient range of telescope separations (baselines). This
allows us to study the size, shape and morphology of stars with an unprecedented resolution. Cherenkov telescopes have a set of characteristics that coincidentally allow for Intensity Interferometry
observations: very large reflective surfaces, sensitivity to individual photons, temporal resolution of nanoseconds and the fact that they come in groups of several telescopes. In the recent years, the
MAGIC Collaboration has developed a deadtime-free Intensity Interferometry setup for its two 17 m diameter Cherenkov telescopes that includes a 4-channel GPU-based real-time correlator, 410-430
nm filters and new ways of splitting its primary mirrors into submirrors using Active Mirror Control (AMC). With this setup, MAGIC can operate as a long-baseline optical interferometer in the
baseline range ~40-90 m, which translates into angular resolutions of 0.5-1 mas. Additionally, thanks to its AMC, it can simultaneously measure the zero-baseline correlation or, by splitting into
submirrors, access shorter baselines under 17 m in multiple u-v plane orientations. The best candidates to observe with this technique are relatively small and bright stars, in other words, massive stars
(O, B and A types). We will present the science cases that are currently being proposed for this setup, as well as the prospects for the future of the system and technique, like the possibility of
\ large-scale implementation with CTA. )
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By measuring the spatial correlation (visibility) over a sufficient range of baselines «
delays we can construct a model of the object = angular size.
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In order to do this we observe the intensity fiuctuations (not phase/amplitude!) in the blue

band.
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Single-photon

sensitivity

Correlation p
N

Q P . ’ "‘ s s . <
N

Optical filters in front of . Preliminary
3 pixels: 2 to measure i
correlation and 1 to

measure background

Large Perfect for Nanoseconds
reflective Intensity time

!

g

'
ed\Visibility [A.U.]

/+ -
5+
4 -_—
= :
o =
~ O
v

surfaces Interferometry! resolution % ‘ % | simultaneously
s 86m / N , g
‘ A‘ MAGIC Control House LT L ? oso
>[Digitizer cards] /®» L @‘“"@ it +++ H++ gt
> > + + 0 20 w0 %0 0 100
The Optical fibers . . TemTm o TRl ; o2 Baseline [m]
y connect the pixels % Spectrum M4i.4450-x8 For more info. see ‘Intensity . ST
come in oo the ch P Is of L 2 input channels interferometry with the But measuring the visibility is actually a 2D problem that depends on the shape of the
(0 € cnamnneis o 8 | 250MHz bandwith, 500MS/ Py s .
- B 14 bit vertical resolution - MAGIC telescopes source. To solve it, we have to take a look at the UV plane (see below):
arrays the chgltlzer cards >3.4 GB/s streaming proceeding at ICRC 2021
GPU Nvidia Tesla V100 /

Uniform Disk Fast Rotator Binary System Lo

0.8
0.6 >,
=
—_ —_ —_ o
£ £ £ -
> > > D
o
>
O
Vs

©
N

0.2

0.0

—-200 —150 —-100 -50 0 —-200 —150 —-100 -50 0 —200 —150 —-100 -50 0
Ulm] Ulm] Ulm]

Science Cases Results from 2021 MAGIC+LST-1

Limb Darkening
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stars and study several 5055 _{7// LST-1 (23 m diameter) is the first prototype of the Cherenkov Telescope Array
science cases! : ) (CTA) built in La Pelma, right next to MAGIC telescopes. Adding LST-1 to our
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