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VERITAS

y » iy 11 T
array of four 12 m Imaging Atmospheric
Cherenkov Telescopes located in southern
Arizona

> energy range: 85 GeV to >30 TeV

> field of view of 3.5°
> angular resolution <0.1° at 1 TeV (68%)

> point source sensitivity (50 detection):
1% Crab in <25 h (10% in 25 min)




VERITAS Binary Program HMXB
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orbital

type period type of observation |exposure reference
1A 0535+262 O+NS 111d during giant outburst |24 h Apd 2011
4U 0115+634 B0.2Ve+NS 24.3d during giant outburst  [5.5h ApdJ 2016
Be/X-ray Binary : N : :
discover program Be+NS/HB - filler program (~130 h) in preparation
Cygnus X-1 09.7lab + BH 5.6 d Cygnus survey 15 h PS8 ICRC
Cygnus X-3 Wolf Rayet + BH?  [4.8 h FoV of TeV 2032+4130 |44 h 2‘8#82013’ Apd
regular since 2006 ApJ 2009, 2014,
HESS J0632+057 BOpe+NS/BH 315d 330 h 2021
(10-30 h/season) ICRC 2019
LS 5039 06.5V+NS/BH 3.9d 8h AP 2020
Apd 2008, 2009,
regular since 2006 2011, 2013, 2016,
LS | +61 303 Be+NS/BH 26.5d (10-30 h/season) 330 h 2021
ICRC 2021
LS V +44 17 B0.2Ve+NS 150 d outburst + 2011-LTP |24 h AT 2023
PSR J2032+4127/ archival; around
MT91 213 Be+NS/BH ~50y periastron 180 h Apd 2018
SS 433 A+BH 13 d unregular,30h 2023 ~(60-90)h




VERITAS Binary Program LMXB, other

type orbital type of exposure reference
period observation
HMXBs & LMXBs in| ) survey of Cygnus 2.6 ApJ 2018
Cygnus region region
Magnetars SGRs+AXPs - ToO (GRB pipeline) ICRC 2009
during hard X-ray ICRC 2019,
o
MAXI J1820+070 10M@ star+NS/ BH |~ outburst 13 h VMNRAS 2022
PSR J1023+0038  |G+MSP 48h ]:Il'g)ré)radlo quietHE |4, ApJ 2016
V 404 Cyg K+BH 6.47 d during giant outburst|4h Apd 2016
i Nova in a
V407 Cygni symbiotic binary outburst (LAT) Sh Apd 2012
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LS | +61 303

X

Galactic HMXB: Be star(10-15Mg) with

circumstellar disk + compact object
(2-3 M@, NS or BH) at 2 kpc

Ist Orbit (Oct 2014)
¢ 2nd Orbit (Nov 2014)
m  3rd Orbit (Dec 2014)

* Short term modulation with orbital
period of 26.496 = 0.0028 day across
electromagnetic spectrum

» Super-orbital modulation with 1667
days in radio, X-ray, GeV/TeV

Flux (E>300 GeV) [ph cm™ s°!]
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LS | +61 303 daily and orbital binned light curve

o

§ o +

% 30:—

" al t ,} t‘
10— t + * * +
oﬂ ‘+ H‘ | 4
5500055500 S50 Eoe05” '5'730'()@;35'7;05' 55000 53800 5000055500

VERITAS nightly light curve 2009-2021
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Flux (E>0.3 TeV) [cm?s™]
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VERITAS orbital phase binned light curve 2009-2021




LS | +61 303 orbital and super orbital

* Good orbital coverage,

detection in all orbital phases

« Study of super orbital phases

DESY.

Superorbital Live time Significance
Phase (min) (@)

0-0.1 1316.18
0.1-0.2 1240.15
0.2-0.3 1004.62
0.3-0.4 494.73
0.4-0.5 1934.35
0.5-0.6 2406.18
0.6 -0.7 20.03
0.7-0.8 364.03
0.8-0.9 650.35

09-1 370.88

ICRC2019 (2020) 713
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VERITAS

Super-orbital Phase
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Orbital Phase

distribution of VERITAS observations
(2008-2021, in hours)
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fits with sinusoid, constant,

Ahnen 2016 step-funct,ion

—— MAGIC
-a- VERITAS

LS | +61 303 variability?

— Constant

— Sinusoidal
‘ —— Step function

20

Orbital phases: No evidence for spectral variability

Super orbital phases: Combined analysis of MAGIC and VERITAS
data in prep. for clearer measurement of super-orbital dependency

Integral Flux Peak (E>300 GeV) [1072 cm2 5]
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Strong correlation between X-ray and VHE flux (Correlation B T R R E
. . uperorpital ase
coefficient = 0.69+0.11 ) superorbital phase folded light curve (1667 days)
3.2 1 4 Spectral indexes in the orbital phases 30 le—11 e e e s
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LS | +61 303

* New orbital solution: FAST radio telescope: pulsations with 269
« constrain eccentricity e<0.15, ms period _ _
e “strongly argues for the existence of a rotating
Phase of periastron = 0.6 neutron star within LS | +61° 303”.

Weng, SS., Qian, L., Wang, BJ. [.(2022
Aragona (e=0.54), Casares (e=0.72) eng, SS., Qian, L., Wang, BJ. ef al. (2022)

¢a = 0.09

¢p =059 1

L observer | | ~1.0

. .- i,
“redit: D. F. Totres, S. Weng, K. Rappaport, Science'Comrunication Lab

(Kravtsov, 2020)
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HESS J0632+057

450 h H.E.S.S., MAGIC and VERITAS data collected over 15 years
- BOpe star (M = 16Mg) + compact object (2-3 Mg) at 1.1-1.7 kpc

*(316.7 £ 4.4) days orbital period, (317.3 £ 0.7) days in x-ray
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HESS J0632+057

Observations over 18
orbits

strong Gamma ray
variability, orbit to orbit

Two outbursts during
orbits 9 (2011 January)
and 17 (2018 January)

two orbits with flux decay
time of <=20 days

?decretion disk

structural change?

DESY.
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Obs.

MID Range

Observation Time

Significance

Flux*
10 % em?sh

Luminosity
32
(10 erg s

= = (h ( )
HESS J0632+057 orbital solutions .
Velb” 58101-58103 6.0 6.4 26+05 6.1 +12
Ve2a 58837-58851 6.9 1.3 <1.7° <4.0F
Ve2b 58867-58878 78 4.5 1.6 04 3809
Ve2e 58897-58906 8.3 4.6 1.7+£05 40+12
Y. M. Tokayer et al 2021
H _ Nov. 2017 - Nula + Vela _ Dec. 2017 - Nulb + Velb
« NuSTAR, VERITAS, MDM, Swift 107104 107104
. . . Orbit by Cassa7res et al. 2012 1 Orbit by Mor315tani et al. 2018
° Orb|ta| geometry, d|Sk propernes and Leq =1.74 1057 ergs/s, 0¢=0.010 _ 1 Lq =9.43 10% ergs/s, 0y=0.009
: : 10711 = 107114
nature of the compact object remain ; s L
1 ) i fo i
uncertain o E ol
- Orbital parameters need further | S
1 ge] d
constrains. 107134 5 10-13
6 Casares et al., 2012 ] ]
) @® Nov. 2017 - Nula + Vela T T T T T T T T T T
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ec. - Nu2Za + VeZa
4 O Jan. 2020 - Ve2b oo Dec. 2019 - Nu2a + Ve2a _— Feb. 2020 - Nu2b + Ve2e
@ Feb. 2020 - Nu2b + Ve2c ] this work i
9. ] y Lgq =4.69 10% ergs/s, 0p=0.008 - ]
g \\*\ A 51071
>_‘ O' ?\A .¥ / | : Igo ]
T i 3 \ “10-12 012
to { ! } i 10 ; i 10 ;
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l \'x % / / | i |
S 7’ 10—13t = 10_131
n \EL ox Moritani et al., 2018 ] ]
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Microqusar SS 433

* Analysis of SS 433 in progress and

further observations (30h-40h) this

season.

Declination

Stay tuned

preliminary

*%

19h20™ 16™ 12m ogm
Right Ascension

VERITAS Acceptance corrected exposure of SS 433
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VERITAS Nova Follow Up Program

 Continuing Nova Observation and Follow Up Program:

* Nova Per 2020:
« 1.0 sigma, 3.1 excess events, 10 hours of exposure time
* Nova Her 2021: report 11-27-21, VERITAS observation 11-28-21,
« —1.0 sigma, 100 minutes of exposure time AT2021afpi Astronomer's Telegram, No. 15078, 2021
* Triggering conditions: >30°, 1h after Trigger
» Fast alert system crucial: NASA-GCN, (e.g. alerts from the Swift, Fermi and INTEGRAL

satellites), GAIA photometric alerts, ASAS-SN and ALARRM

DESY.
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Summary - VERITAS Binary Observations

- Large and extending VERITAS archive on LS | +61 303 and HESS J0632+57 >300h
*Binaries are ideal candidates for testing many questions of particle astrophysics

- Multi-wavelength observations important to constrain models further

« Variability in LS | +61 303 and HESS J0632+57

DESY.
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