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How to Measure Angular Diameter of a Star?
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Michelson Stellar Interferometer = Amplitude Interferometer
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Amplitude Interferometer Limitations

Phase stability in atmosphere and
telescope

. . PN
RF astronomy in 1950's —
' On = 76

Long baselines needed
RF signals can travel in cables



Intensity (Hanbury-Brown-Twiss) Interferometer

Apparent Angular Sizes of Discrete Radio Sources:
Observations at Jodrell Bank, Manchester R.
Hanbury Brown, et al, Nature (1952)

Fig.1. Schematiec diagram of the equipment

The theory of the instrument is involved, and it
will be given in detail elsewhere’. 1t can be shown
that the value ol the cross-correlation coeliicient (p)
18 given by an expression similar to that for the visibil-
ity of the fringes in & Michelson stellar interferometer :

R. Hanbury Brown & R.Q. Twiss LXXIV. A new type of
interferometer for use in radio astronomy, The London,
Edinburgh, and Dublin Philosophical Magazine and
Journal of Science, 45:366, 663-682 (1954)

LXXIV. 4 New Type of Interferometer for Use in Radio Astronomy

By R. Haxsury BrOowN
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and

E. ). Twiss
Services Electronics Research Laboratory, Baldock, Herts.*

[Received March 20, 1954]

SUMMARY

A new type of interferometer for measuring the diameter of discrete
radio sources is described and its mathematical theory is given. The
principle of the instrument is based upon the correlation between the
rectiied outputs of two independent receivers at each end of a baseline,
and it is shown that the cross-correlation coefficient between these outputs
is proportional to the square of the amplitude of the Fourier transform
of the intensity distribution across the source. The analysis shows that
it should be possible to operate the new instrument with extremely
long baselines and that it should be almost unaffected by 10nospheric

irregu] arities.




Intensity Interferometry

/W—/Lél/lgfﬂg Ao tectors

7 A
Fhase s Logt
Neorrow bandwiddth —> (veaﬁvy
C B < IAI@ ) | VA
[Ty LT <o




How does it work? L@><@J.
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Intensity Interferometry by HBT

-4
1956 measurement of Sirius angular diameter g//) *10 rad
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Back to Present Times

 \Very Energetic Radiation Imaging Telescope Array System (VERITAS),
Arizona, US
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VERITAS
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Dark Matter Intensity Interferometer?

A little bit of Intensity interferometry for ultralight bosonic dark matter
history

detection, H. Masia-Roig et al., arXiv:2202.02645 (2022)
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Ultralight DM

Dark matter halo

* Single particle — plain wave
* Superposition
* Virialization of DM in the galactic halo
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Stochastic Fluctuations of Dark Matter Field
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Stochastic Fluctuations of Dark Matter Field
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Intensity Detector - Magnhetometer

Quadratic coupling

Sensitivity < pT
Why quadratic coupling? 100 Hz bandwidth
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Sensitivity Estimation

10 seunsors

ALP Mass (eV)

100 Mgs
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ALP Mass Range Limitations

ALP Mass (eV)
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Wide frequency bandwidth thanks to

C u rre nt B O u n d S intensity interferometry!

ALP Mass (eV)

T |
> | Astrophysics
ORIEE . e T
W i
107 :
107° - | Roacl
10° 10" 10° 10° 10* 10°

ALP Compton Frequency (Hz/2m)

25



Dark Matter Intensity Interferometer?

A little bit of Intensity interferometry for ultralight bosonic dark matter
history

detection, H. Masia-Roig et al., arXiv:2202.02645 (2022)

GNOME as DM

) . Expected Sensitivity
|nten5|ty . | . .
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Exclusion
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Average Noise [pT]

Toy Model .
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Correlation
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Toy Model Exclusion Plot

ALP Mass (eV)
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Toy Model Exclusion Plot

ALP Mass (eV)
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Toy Model Exclusion Plot
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Outlook

* DM intensity interferometry is possible!
* Fitting lineshape instead of looking at G1(0) alone
* Need for longer coherence times correlation (Hayward team)

* Low frequency magnetic noise can be suppressed in
co-magnetometers (Advanced GNOME)
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