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U university  Stellar Intensity Interferometery with J

OFUTAH"  Imaging Air Cherenkov Telescope arrays

-The large mirror areas and fast photo-detectors make
Imaging Air Cherenkov Telescopes suitable for performing
Stellar Intensity Interferometry (also known as Hanbury-
Brown and Twiss interferometry). [1,2]
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-Furthermore, the array arrangement allows for many
baselines:

Ntel (Ntel - 1)
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[1] LeBohec S., and Holder J., “Optical intensity interferometry with atmospheric cerenkov telescopes”, The Astrophysical Journal, 645(1), 399, (2006)

[2] Hanbury Brown, R., “The intensity interferometer. Its application to astronomy”. Taylor and Francis (1975)

N. Matthews - ICRC 2019



{JHIE\IIVERSITY 1 163 1 1 N/
U UNIVERS] Scientific Motivation for SII U

VERITAS

0 = 1.22\/ B, so for A =500 nm

100000 S T
Diameter histogram 106
: : ‘ +IACT PSF
' B~630m 5 10°,
10000 |- ! ! ! >
] b
104 ]
" B : I
1000 | : 3 cslim
3 :B~125m E0 gaad E W
— | ' [=+] 1 I
[4b] L o | <
= [ 102 1 _— drlOkm.
a N § i AHST @I\}
S 100 | S ! ) o
' S 10l [T W———— del00km
o ! NS\ wn
i B~125m| € S .
; 100 gzioom¥¥ O CHARA w3 amoae
' i TR=]
10 b [ ' - ! w &
- B -1 1 d=1000m & N \}\'%P
: 107 angular resolution (. %\5\*\"
m : | equivalent to continental E'
| ' 102 ‘ baseline interferometry
1 . - L L 107 e 10° 107 10° 10°
01 1 10 Wavelength A [nm]
Nufiez, P.D., 2012 Diameter (mas) Daniel, M., 2019

Key Point: Sll provides a way to spatially resolve stars at unprecedented scales + wavelengths.
Topics of study include: stellar diameters, stellar limb-darkening, rapid rotators, cepheid variables, ...
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. “Pristine” Image
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Simulated image reconstruction
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Nuiiez, P.D., et al., 2012
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Figure 10. Reconstructed star with three hotspots. The pristine image has a
temperature of 6000 K, and the spots have temperatures of 6500 K (top-night
and left spots) and 6800 K (lower spot). The simulated data correspond to 1
my =3and I = 10h.
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Figure 5. Image reconstructions using three-point correlation information.

Key Point: Sll provides a means to spatially resolve stars at unprecedented scales + wavelengths.
Topics of study include: stellar diameters, stellar limb-darkening, rapid rotators, cepheid variables, ...
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U UNIVERSITY SII Augmentation of VERITAS
OF UTAH" Telescopes

High-speed (250 MS/s) continuous
Supp. 2L streaming + offline FPGA correlator

VERITAS 499

—

b
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Synchronizing |
Clock

I FPGA Correlatorl

* Identical SlI system installed on all VERITAS
telescopes.

* Digitizers synchronized via central 10 MHz
clock using White Rabbit hardware

» Distributed trigger system to start data
taking simultaneously (< 4 ns)

* For more details, see D. Kieda’s poster
PS1-76 and another on the custom-built HV
system PS3-51
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Table 1: Observation/Target Summary

Obs. Date | Target

2019-01-19 | & Ori (Saiph)
2019-01-23 | v Ori (Bellatrix)

| Type | mp | fyp (mas) | Obs. Time (h) | Coverage (m) | |V (d)|*
[3[]__51-511 1.88 | 0.44 + 0.03* 1.74
B2IITF | 1.42 | 0.701 £+ 0.005* | 5.13

30.1 - 81.0 0.6 - 0.85 Ao = 415nm

* - S - - .

Richichi, A., Percheron, 1., and Khristoforova, M. Charm®: An updated catalog of high angular resolution measurcmeonts®.
har, P. A., Lennon, 1. 1., & Walborn, N. R, 2006, Ad&a, 446, 2T9de Plaa, J., Kaastra, 1. 3., Warner, N., ot
1. 5. Lovenhagen, N. ¥. Leister, Spectroscopic analysis of southern B and Be stars, MNRAS, Volume 371, Issue 1

Adkca, 421(2):TrA-TTY, 2005,

. 2017

, 1 Baptembear 200&, Pagas 252-262

Synchronizing |_
Clock To To

Image generated with Stellarium
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(correlator data product)

ya / Correlator Data Product: <I,1(1)>
Vs Typical “cycle” period of 1 second.

-|ADC ,-IADC
Synchronizing v g - - oo L g An example correlogram:
Clock To To
Disk Disk 0.000035 £9:9998e-1
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Correlations are processed over the I -
duration of a ‘run’ 1 > Time Iag, T
Typical run length of 20 minutes Data product consists of series of

“correlograms” averaged over ‘cycle’ period
over the duration of the run.
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OF UTAH (post-correlation analysis)
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Correlator Data Product: <I1,(1)>
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Reduction
T ] 1) Noise cuts (deletes cycles with RF contamination)

2) Correction for optical path delay
3) Integrates all cycles together

-1.0 —-0.5 0.0 0.5 1.0
Time Lag (s) le—-7

N. Matthews - ICRC 2019 9



U {JHIE\IIVE RSITY Measurements on Gamma Orion from
OF UTAH" UTC 2019-01-23
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Our results: Prior results:
Source Norm 6 | Target | Spectral Type | mp | 6yp (mas) |
kOri (127 £0.12) x 107°  0.49 £0.06 mas % Ori (Saiph) | BO.5laf 1.88 | 0.44 + 0.03*
vOri (120 £0.20) x 107°  0.69 +0.07 mas v Ori (Bellatrix) | B2IIT# 1.42 | 0.701 + 0.005*
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* Successful SII measurements with
IACT telescopes during bright moon
conditions!

— Proof of concept for future
telescope arrays
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* System now setup and tested on 4-
telescopes, extends coverage for
better source characterization.
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+ = Simulated VERITAS Measurements

* ~ 2ximprovement in sensitivity
possible with existing setup.

— Improvement in noise
”g ! rejection + digitization rate
0.4 » ‘\\
* Extension to multiple optical pass-
oz| bands
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