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The curious case of SS 433 : an extraordinary microquasar
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Claims of observed y-ray emission : N0 consensus!
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High Energy Stereoscopic System

« Archival observations (centered on HESS J1908+063, source at the north-west FoV)
« Observation campaign in 2020-2021 to homogenise the exposure
— ~ 200 hours of H.E.S.S. data

« Use of a new analysis tfechnique, with optimisation for higher E and “faint” emission :

use the large CT to improve background rejection!
— Olivera-Nieto et al, EPJC 81 1101 (202]) Muons as a tool for bkg rejection in IACTs
+ Olivera-Nieto et al, EPJC 82 1118 (2022) Algorithm for Background Rejection using Image Residuals (ABRIR)

System of ( + 1 large)
Imaging Atmospheric Cherenkov Telescopes

— ~0.01 TeV up to ~100 TeV

Detection of extended VHE y-ray emission
correlating spatially with the outer jets

— spectro-morphological analysis
Science, 383, 6681, pp. 402-406 (2024)
H.E.S.S Collaboration

04/ 10
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Detection of the SS 433 system with H.E.S.S. : first time with an IACT array
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ULs on emission from regions
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Leptonic scenario : synchrotron and inverse Compton scattering
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Energy-dependent morphology
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Inference of a strong shock at ~ 30 pc

1D MC fransport simulation along jet axis :

— e spectrum, v(z), B > e injected
atz =0

.. continuous injection continuous injection 2 a2
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Why SS 433 (and this study) should be/remain on CTA's “radar”?

« Proof of concept — large-sized CT for bkg rejection
+ analysis optimisation to higher energy ranges

« Spatially-resolved emission of jets in VHE?
— |ACTs can provide tremendous info on
sites of VHE emission — sites of particle acceleration/fresh injection
— unparalleled observational evidence
for processes behind jets & their dynamics

« Noft all microquasars are thought to be HE nor VHE sources...
we may need 1o prove or disprove it!

>D> > CTA has the potential to change our landscape of
microquasars, binary systems and astrophysical jets <1<
09/10
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SS 433 system : H.E.S.S. results

SS 433 : still a lot of unsolved questions...

No detection < 1 TeV of any significant emission from SS 433 or other HE hotspots in the FoV
No detection of the central binary
No significant variability

 Significant detection of extended emission for th '-p.e.s_t
'ﬂ»f'v'-- dent 1orp ology : a8 i :
~ shift of VHE centroid towards the outer jet base as @ funo’rlon of E T :

Leptonic dominant process : IC scatftering on target ¢ fields
Inference of a CD/shock at the jet base, accelerating e/+ to > 200 TeV ranges

Y-ray astronomy community needs to continue observing such systems!

10/ 10

Olivera-Nieto, Reville, Hinton, Tsirou et al — Session : Black Holes and New Instruments SS 433 pc-scale jets seen in VHE y-rays with H.E.S.S.



Olivera-Nieto, Reville, Hin u et al - Session : Black Holes and New Instruments SS 433 pc-scale jets seen in VHE y-rays with H.E.S.S.




Radio/X-ray comparison
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Contamination from the bright HESS J1908+063
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Figure S3: Gamma-ray flux profiles along the jets showing the contamination of HESS J1908+063. The data
points represent the measured flux in spatial bins of 0,147 along the axis joining both jets through the central binary
(Figure [S2) for energies (A) above 0.8 TeV, (B) 0.8 to 2.5 TeV, (C) 2.5 to 10 TeV and (D) above 10 TeV. Squares
and circles indicate the flux before and after subtracting HESS J1908+063. Error bars indicate the combined
statistical (1) and systematic uncertainties. Circles in panels B-D are the same data as shown in Figure 4. The
dashed lines show the flux of the HESS 11908+063 model at each location. The top axis assumes a distance 1o the
system of 5.5 kpe (7).
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Background distribution
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Morphology results, assuming d = 5.5 kpc
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Different injection duration
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Timescales
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Different injection duration
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Material for hadronic processes
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Figure 516: Location of possible sites of hadronic interactions. The H.E.5.5. significance map above 10 TeV
(rotated from the orientation in Figure 2C) compared to observed gas locations, which are possible target mate-
rial for hadronic interactions, Equatorial coordinates are shown for the J2000 equinox. Black contours indicate
significances of 4, 5 and 6 in the H.E.S.S. map. The pink contour indicates Hev 4+ [MI1] emission from ionised
zas (83), green corresponds to CO observations revealing four molecular clouds N1 to N4 (82) and light blue to
neutral hydrogen emission from diffuse neutral gas (79). The ROSAT X-ray contours {/4) are shown lor reference
in white, There 1s no correlation between any of the potential targets and the H.E.5.5. emission above 10 TeV,
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