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Cosmic Rays
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Cosmic rays hitting Earth. 
Credit: (NSF/J. Yang)

https://pdg.lbl.gov/2019/reviews/rpp2019-rev-cosmic-rays.pdf

By Sven Lafebre, after Swordy
and De Angelis, CC BY-SA 3.0
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Background –
Supernova Remnants (SNRs)

TeVPA 2022 6By cmglee, NASA Goddard Space Flight Center, CC BY-SA 4.0
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Background - Microquasars

Q u a s a r M i c r o q u a s a r
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By ESO/WFI, CC BY 4.0

By NASA - https://apod.nasa.gov/apod/ap960306.html
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SS 433 and W50
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HAWC 2018

• Detected TeV emission from W50

• 20 year old predictions confirmed

TeVPA 2022 9
Abeysekara, A.U., Albert, A., Alfaro, R. et al. Very-high-energy particle 
acceleration powered by the jets of the microquasar SS 433. Nature 562, 82–
85 (2018). https://doi.org/10.1038/s41586-018-0565-5
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This Research
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Red: Radio (Dubner et al. 1998)

Green: Optical (Boumis et al. 2007)

Yellow: 0.5-1.0 keV
Magenta : 1.0-2.0 keV
Cyan: 2.0-12.0 keV
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History –
Radio/Optical

• ~50 years of study!

• Optical > Radio > X-Ray

• Clark & Murdin (1978)

• Doppler Shifts

• Jets, jets, and jets
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Observed precession of SS433 jets.
CREDIT: A. Mioduszewski et al., NRAO/AUI/NSF
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History – X-Rays (+)

TeVPA 2022 13

History The Data
Imaging 
Analysis

Spectral 
Analysis

Discussion/ 
Conclusion

F. D. Seward, 1976, MNRAS

Samar Safi-Harb and Hakki Ögelman, 1997, ApJ

Abeysekara, A.U., et al., 2018, Nature
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The Data
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Chandra

XMM-Newton
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X M M - N e w t o n

• December  10 ,  1999

• F.o .V. :  30  a rcmin

• Range:  0 .15 -12  keV

• Reso lu t ion :  5 -14  a rcsec

N u S T A R

• June  13 ,  2012

• F.o .V. :  12  a rcmin

• Range:  3 -79  keV

• Reso lu t ion :  9 .5  a rcsec

C h a n d r a

• Ju ly  23 ,  1999

• F.o .V. :  30  a rcmin

• Range:  0 .1 -10  keV

• Reso lu t ion :  0 .5  a rcsec

Telescopes
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https://www.nustar.caltech.edu/page/about
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Imaging Analysis
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Spectral 
Analysis

• Exhaustive background analysis

• NuSTAR – XMM Coordination

• nH values from XMM
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Spectral Analysis
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nH: 1.77x1022 cm-2

γ: 1.58
nH: 1. 18x1022 cm-2

γ: 1.76
nH: 0.76x1022 cm-2

γ: 1.77
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• Head represents an acceleration zone

• Radio: FRII / X-rays: FRI

• Synchrotron/Compton/Thermal

• Hard spectral index
• Par. Ind. ~2, E.D. α 1/E2

• AGN knots 
• Pho. Ind. ~1.1-1.6

• Efficient particle acceleration!
• 12 μG

• ~250 TeV

Discussion & Conclusions
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Future Work
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~30 arcsec

Abeysekara, A.U., et al., 2018, Nature
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Thank you!

Brydyn Mac Intyre

macintyb@myumanitoba.ca

Special thanks to the W50 Collaboration!
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Questions?

mailto:macintyb@myumanitoba.ca
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Telescopes
X M M - N e w t o n N u S T A R
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C h a n d r a


