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MAGIC and LST-1 at ORM

Photo by A. Lépez Oramas




MAGIC and LST-1 at ORM

Photo by A. Lépez Oramas
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https://www.sciencedirect.com/science/article/pii/S1631070515001498

Gamma-loud binaries at VHE: state-of-the-art

o .
09.5Ve 48ms pulsar 1236.72 yes yes -
m (o] pulsar? 3.91 yes yes yes (> 25 TeV)
Be pulsar 26.49 yes yes yes
Be - 315.50 yes yes -
o - 16.58 yes yes -
(o] - 10.20 yes yes -
(o] - 82 yes yes -
Be 1:3;:: 50 years yes yes -
m A BH 13.08 yes yes yes
BYlll BH 2.80 no yes yes
K-M Il BH 33.85 no yes yes
Microquasars K BH 0.69 no yes yes
09.7lab BH 5.60 yes hint (4.0 o) hint (4.0 o)
W eta Carinae LBV O/B star 5.5 years yes yes -
- _ red giant white dwarf 454 yes yes -
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Colliding-wind binaries (CWB)



Eta Carinae, first CWB at VHE

Declination (J2000)

) Luminous Blue Variable ~100 M_+ O- or B-type ~30 M_
o eccenftric orbit (e ~ 0.9) with a ~5.5 yr period (last periastron passage: February 2020)
o high mass-loss rates
e  VHE emission detected during periastron passage (H.E.S.S. Coll 2020)
o 2020 passage: detected at energies 0.14 TeV up to above 1 TeV (Steinmass| PoSICRC 2023)

®=0.97..1.05

o Hadronic scenario
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https://www.aanda.org/articles/aa/full_html/2020/03/aa36761-19/aa36761-19.html
https://pos.sissa.it/417/231

WR 140, a CWB in the northern hemisphere

Objective: first CWB in the northern
hemisphere and second CWB after Eta
Carinae at VHE

: Hot shock front

Wind from O star where winds meet

Wind from WR star

Wolf-Rayet Star

period 7.9 yr,e ~ 0.9

Simbad

Other ID: HD193793

RA (J2000): 20 20 27.98
DEC (J2000): +43 51 16.28
distance (pc): 1810

Spectral type(s): WC7 + O5

Multiplicity:

Confirmed binary system

Period(s): 7.9 yr

Orbital solution: yes

Ref: Marchenko et al.(2003), Fahed et al.(2011)




WR 140 MAGIC+LST-1 campaign

Critical configurations of WR 140 in 2024-25

E Fyue (E > 100 GeV)

Orbital phenomenon f |r/a|P.A.|pos| ¢ | MID | Year | Date PSRJ2032 (Abeysekara et al. 2018)

conjunction: WC star behind |223|0.56| 84 | E | 30 |60506|2024.54 | July 15 2016 A 201600 2070 2017 Ay 20700 iy
quadrature 313/0.12(354 | N | 90 |606262024.86 |Nov 12 Cox

periastron passage 0 [0.10|327 [NW | 12960637 (2024.89 [Nov 23 f 109

conjunction: O star behind | 42 |0.12(263 | W |150|60645|2024.91 | Dec 1 2z 70

quadrature 133|10.51|174 | S || 90 |607512025.21 |Mar 17 :i .
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https://iopscience.iop.org/article/10.3847/2041-8213/aae70e
https://www.roe.ac.uk/~pmw/Wr140int.htm

First gamma-ray campaign for WR140

From WR140 orbit
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https://www.roe.ac.uk/~pmw/Wr140orb.htm

First gamma-ray campaign for WR140

From WR140 orbit
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https://www.roe.ac.uk/~pmw/Wr140orb.htm

First gamma-ray campaign for WR140

I From WR140 orbit
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https://www.roe.ac.uk/~pmw/Wr140orb.htm

VHE binary emitters. Take home message

Few gamma-ray binaries with variable emission at VHE

Most detected ones had short orbital periods (~days).

o CWB several years: Eta Carinae ~5.5 years and WR140 ~8 years

Designing the observational campaigns is crucial part of the work

Combination with Fermi-LAT for long-time infegrated campaigns:
o Fermi-LAT detected Eta Carinae in 2009 at HE (from 100 MeV to 100 GeV)

with ~1 year data and VHE after integrating data over 3 periastron passages

More information: VHE Galactic sources Seminar by A. Lopez Oramas
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https://www.youtube.com/watch?v=7KpMOXJf208&ab_channel=InstitutoPrincipia




Intensity Interferometry: time correlation of detected photons

Telescopel
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Van Cittert—-Zernike theorem: if you measure spatial coherence of the light waves
it tells you information about the Fourier transform of the source’s brightness.
Sll is not limited by the moonlight and
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The UV plane

UD model visibility
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MAGIC+LST Stellar Intensity Interferometer

UV plane
150
e 3 pairs available : ® M2-M1 coverage
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Fast rotators with MAGIC+LST S| Interferometer

Some results already presented
by A. Cifuentes last week at
EAS in the Symposium “The
future of visible/infrared
High-Angular Resolution
Astronomy in Europe”

It shows the importance of
having several pairs of
telescopes in terms of UV plane
coverage
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gam Cas: Uniform ellipse V?

uniform ellipse best fit:
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Sll. Take home message

IACTs are great instruments that have relaunched this technique

Different science scenarios

o Fast rotators
o Resolving binary systems
o Asteroseismology

Sl observations do not inferfere with gamma-ray observations
With more telescopes (more pairs) and technical upgrades, much
more science to be done.

More information: Sl Seminar by J. Cortina and MAGIC Stellar Intensity

Interferometer Performance paper.
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https://iactalks.iac.es/talks/view/1774
https://arxiv.org/abs/2402.04755

Backup
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WR140: Radio campaign

WR140 - the particle acceleration laboratory

fﬂ
UNIVERSITY OF LEEDS

WR + Oina 7.9 year,
eccentric (e ~ 0.9) orbit

Orbit size ~1.5-28 AU

Radio-bright; dramatic
variations in radio
emission as orbit
progresses

State of the Art imaging!
23 epochs @ 3.6 cm
Phase ~ 0.74 -> 0.93

(Jan 1999 to Nov 2000)
Resolution ~ 2 mas
Linear res ~4 AU

(Dougherty+ 05)
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8 years of VLA (White+ 95) + WSRT (Williams+ 91) data

Pittard (VGGRS 2010)
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https://www.mpi-hd.mpg.de/astrophysik/HEA/conferences/binary_heidelberg/pages/Talks/Pittard_binary_workshop_2010.pdf

Sll: coherence region

d~AR/D

d, spatial coherence length, follows: ?\)q

R: distance to the source
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Time pattern starts to change...
Time correlation degrades




