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» Shock front as SN ejecta interact
with stellar winds and ISM.

o Efficient particle acceleration.

o Sufficient energy budget to produce
ulk of Galactic CRs.




High Altitude Water Cherenkov
Gamma-Ray Observatory

 So far, two SNRs are known to emit gamma rays
dominantly produced by hadronic processes.

* Do all SNRs accelerate protons/nuclei? How
efficiently?

* Maximum acceleration energy?

» Need spectral coverage from ~100 MeV to ~10
TeV or more.
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SNRs as Sources of Cosmic Rays

IC 443

best-fit broken power law

8 egmll:kgr(Acciari et al. 2009) \

& MAGIC (Albert et al. 2008)
> AGILE (Tavani et al. 2010)
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}’ GeV-detected SNRs
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Baseline: “The First Fermi-LAT Supernova Remnant Catalog” (Acero et al. 2016, Ap]S)
« 279 radio-detected SNRs considered for 1SC.

« 30 with spatially associated GeV source, classified as SNRs.
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significance [O]
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Baseline: “The First Ferm

GeV-detected SNRs

i-LAT Supernova Remnant Catalo

e 279 radio-detected SNRs considered for 1SC.

« 30 with spatially associated GeV source, classified as'S
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2 Source Selection

High Altitude Water Cherenkov
Gamma-Ray Observator
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110 105 100 95 90 85 380 75 70 065 60 DD 50 -155 -160 -165 -170 -175
[[°] [[°]

significance [0]

Baseline: “The First Fermi-LAT Supernova Remnant Catalog” (Acero et al. 2016, Ap])S)
« 17 SNRs in HAWC's field of view.

* 9.in (relatively) isolated regions.



} Results
AWC

aaaaaaaaaaaaaaaaaaa

Name GeV Radius | TeV association (TeVCat) isolated HAWC detection
SNR049.2-00.7 0.25° : W51 C : yes :
"""" SNRO74.0-085 174 yes
""" SNR078.2+02.1 | 0.69°  yCyeni  not
""" SNR089.0+047 | 0.97° yes
"""" SNR109.1-01.0 | — yes
"""" SNR111.7-021 | —  Tev2323+4588 (CasA)  yes
"""" SNR180.0-017 | 150 yes
""" SNR189.1+03.0 | 033 IC443  yes
""" SNR205.5+005 2280 nor |




} Results
AWC

aaaaaaaaaaaaaaaaaaa

Name GeV Radius | TeV association (TeVCat) isolated HAWC detection
SNR049.2-00.7 0.25° : W51 C : yes : yes
"""" SNRO74.0-085 174y no
""" SNR078.2+02.1 | 0.69°  yCygni om0t yes
""" SNR089.0+047 | 0.97° yes om0
"""" SNR109.1-010 | — oy no
"""" SNR111.7-021 | —  TeV)23234588(CasA)  yes om0
"""" SNR180.0017 | 15 yes  no
""" SNR189.1+03.0 | 033  IC443  yes  yes
""" SNR205.5+005 | 228°  no* o




} Results
AWC

aaaaaaaaaaaaaaaaaaa

Name GeV Radius TeV association (TeVCat) iIsolated HAWC detection

....................................................................................................................................................................................................................................................................................................................................................................................

SNR078.2+02.1 0.69° y Cyeni . no* yes MW modeling

SNR089.0+04.7 0.97° yes no

SNR109.1-01.0 —  yes no

....................................................................................................................................................................................................................................................................................................................................................................................

_ i i cownstraining
............................................................................... upper Limiks
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} SNR 111.7-02.1 (Cas A)
KWG

High Altit dW Ch enkov

SNR111.7-02.1
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AWC

High Altitude Water Cherenkov
Gamma-Ray Observatory

SNR 109.1-01.0
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AWC

High Altitude Water Cherenkov

SNR 180.0-01.7

SNR180.0-01.7

Gamma-Ray Observatory
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High Altitude Water Cherenkov
Gamma-Ray Observatory
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}ﬁ% HAWC Analysis: Y Cygni SNR

" -
7
: NARY
* Cygnus Cocoon region. 5 -
4_
* Multiple overlapping sources. 3-
2
* More details on multi-source analysis: a 1 g
0 O
 B. Hona, GA-l1 7d (7/29, 5:15 PM, here) -1
—2- = SlE °
 H. Fleischhack, PS1-64 (Tripp -3 w STy x
Commons, 2nd floor). 4 q'
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10—12 _
| —— HAWC 3 years, disk model
| — Joint fit, pion decay model

Hadronic Modeling: y Cygni SNR

HAWC Preliminary

Assuming dNp/dE ~ E-v * exp(-E/E.),
best-fit model parameters:

e Proton spectral index y=2.14+0.03
o Cutoff energy Ec = 20£5 TeV

e Total energy in protons above 1 GeV:;

2 _
W, = (1.4+£0.1) - IOSOerg- (2%)0) . ICIrIll

3

—— LAT 10 years, disk model

103 102 107!
Energy [TeV]
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HAWC Preliminary
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Fermi-LAT (4FGL)

1012 - —— LAT 10 years, disk model

' —— HAWC 3 years, disk model
— Joint fit, pion decay model

104+ 103  10"2  10°! 100
Energy [TeV]
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Conclusions

 Searched for TeV gamma-ray emission from GeV-detected SNRs.

» Detected three SNRs, upper limits placed for the remaining six.

* For three detected and three non-detected SNRs, HAWC
measurements or upper limits imply break or cutoff in the
gamma-ray spectrum.

* More detailed studies and modeling ongoing.
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