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HAWC

• High-Altitude Water Cherenkov Observatory.
• Located in Sierra Negra, Mexico (4400 m a.s.l).
• Energy range: sub-TeV to >100 TeV.
• Angular resolution: 0.1◦ – 1◦.
• See talks by H. Zhou, A. Smith, C. Brisbois and poster by B. Hona.
• Results shown here use 1128 days of HAWC data.
• High-level analysis: 3ML [Vianello et al., 2015].
• Hadronic modeling: naima [Zabalza, 2015].
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SNR Intro

• Shock from SN explosion propagates into ISM for many kyr.
• Particle acceleration via diffusive shock acceleration mechanism.
• Gamma rays from leptonic and/or hadronic processes.
• Leptonic:

• Inverse Compton scattering
• Bremsstrahlung.

• Hadronic:
• CR interactions inside remnant
• CR interactions with nearby molecular clouds.

• Responsible for significant population of Galactic CRs?
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G78.2+2.1 (γ Cygni SNR)

• Middle-aged SNR, ∼6000 yrs [Lozinskaya et al.,
2000]).

• Located in Cygnus region, overlaps with Cygnus
Cocoon.

• Distance: ∼1.7 kpc [Lozinskaya et al., 2000].
• X-ray/radio shell, enhanced emission at

nothern/southern edge.
• Seen up to TeV energies.
• Leptonic or hadronic emission?
• Connection to Cygnus Cocoon?
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γ Cygni in γ rays
• Two components:

• Hotspot (NW quadrant): VERITAS [Aliu et al., 2013], MAGIC [Strzys, 2017], Fermi-LAT [Fraija
and Araya, 2016].

• Extended disk (r ≈ 0.6◦): MAGIC, Fermi-LAT [Ackermann et al., 2017].
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Energy Spectra and Modeling
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LAT 10 years, disk + hotspot, = 2.06 ± 0.02
HAWC 1017 days, disk, = 3.0 ± 0.2
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IC 443 (G189.1+03.0)

• Middle-aged/old SNR, 3-30 kyr [Olbert et al.,
2001], interacting with nearby ISM.

• Distance: 1.5 kpc [Olbert et al., 2001; Petre et al.,
1988], near Galactic anti-center.

• GeV-TeV emission seen by Fermi-LAT [Ackermann
et al., 2013], MAGIC [Albert et al., 2007] and
VERITAS [Humensky, 2016] correlated with gas
distribution.

• Evidence for ‘pion bump’ in gamma-ray data
[Ackermann et al., 2013].

• HAWC detects significant emission, not sensitive to
substructure.
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Energy Spectra and Modeling
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W 51C (G049.2−00.7)

• Middle aged/old SNR, 30 kyr [Koo et al., 1995], interacting
with nearby molecular cloud.

• Distance: ∼5.5 kpc [Sato et al., 2010].
• GeV-TeV detection by Fermi-LAT [Acero et al., 2015, 2016],

MAGIC [Aleksić et al., 2012], and H.E.S.S. [Abdalla et al.,
2018].

• MAGIC sees evidence for two emission components (PWN
and molecular cloud).

• HAWC sees more extended emission: Nearby sources?

MAGIC 2012

0.3-1 TeV

>1 TeV
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HAWC morphology and gas distribution
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CO maps: Dame et al. [2001]
and references therein.
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Energy Spectra and Modeling
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Outlook and Conclusions
Conclusions:

• HAWC sees significant TeV γ ray emission from middle-aged SNRs γ Cygni, IC 433, and
W51C.

• Currently not sensitive to γ Cygni and IC 433 substructure.
• W51C more extended than expected.
• γ Cygni has a harder GeV and softer TeV spectrum compared to IC 433 and W51.
• Can describe GeV-TeV emission as a pion-decay spectrum.

Future steps:
• Spectral modeling still in progress.
• Will look into leptonic models.
• Study of maximum energy in progress.
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Thank you for the Attention!
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Backup
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