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 How to identify cosmic ray acceleration in
SNRs using gamma rays

« The SNRW51C
 Fermi /LAT analysis of W51C
« Comparison to IC443 and W44

« Conclusions and Outlook
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° The origin of cosmic-rays

SNRs are the best galactic cosmic-ray source candidates.

How to identify cosmic-ray acceleration in SNRs?
Discriminate between hardronic and leptonic induced gamma-ray
emission

p*N =2 ml=—2 yy

“Pion bump” low energy cutoff ~ 200 -300 MeV due to the rest mass

Ackermann et al 2013
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~
<L cromi The W51C SNR

Gar“ma ray

/ Space Telescope

 Middle age (~ 30 ky) SNR

 Distance ~ 5.5 kpc

« Lies in arich star-forming region and interacts with molecular
cloud

* Detected from radio to gamma rays of E ~ 4-5 TeV

 Modeling of the MW spectrum suggests proton origin of
gamma ray emission
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s, ermi The Fermi/LAT analysis

5 years of Pass7 reprocessed data (publicly available)
Science Tools version 9-32-04

IRFS: P7TREP_V15

SOURCE class events

ROI 20x20 deg in 0.1 deg bins

Energy range 60 MeV - 300 GeV divided in 30 bins

Diffuse emission:
gll_iem_vO05 rev1

iso_source_v05
8 alternative models
3FGL used as background sources

All sources free within r< 3 deg of W51C and all sources with
TS > 400 and r < 5 deg

Tobias Jogler SUGAR Workshop Geneva 22/1/2015



/ Space Tel f
E: 60 MeV-300 GeV Prelimina
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s P Location and Extension?

Gamma-ray

/ Space Telescope

Fermi extension slightly larger compared to MAGIC > 150 GeV
extension Galactic longitude

Preliminary

Preliminary

Galactic longitude

Galactic latitude

Green: MAGIC
contours
W51C
template used
since 2FGL
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/0
s, ey Interstellar emission models
/S Tocion
Interstellar gamma-ray
emission is caused by
cosmic rays interacting with
molecules or atoms, mainly
H and CO and in addition by
IC emission

5E-09 1E-08 1.5E-08 2E-0

IEM seeded by GALPROP: ( F. de Palma et al. 2013, arXiv1304.1395D)

Splitting galactic emission into 4 rings and L=-30°
add IC component, Loop | and the Lobes

T/ L=30°
L='60° L=6Oo

Parameters of each GALPROP model:
* CR halo height z (4,10kpc)

* CR source population (SNR, Lorimer)
« Spin temperature Ts (150K, optical thin) ~ 7
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/0
Fermi/LAT spectrum of W51C

8 alternative IEMs

Fitting W51C in 20 independent energy bins using the std IEM and
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Fermi/LAT spectrum of W51C

Fitting W51C in 20 independent energy bins using the std IEM and
8 alternative IEMs
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/0
; Fermi/LAT spectrum of W51C

Fitting W51C in 20 independent energy bins using the std IEM and
8 alternative IEMs
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Fermi/LAT spectrum of W51C

Fitting W51C in 20 independent energy bins using the std IEM and
8 alternative IEMs
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A Quantifying the low energy break

Fit W51C data between 60 MeV and 3 GeV with smooth broken
power law (b=0.1 fixed everything else free) and power law.

Significance ~9 o

Eprea = 2917215 MeV

alt IEM
¢ ¢ stdIEM
10° o*

E [MeV]

Index2 = -2.15 + 0.03

N, = 87%038

Uncertainty Max Uncertainty from
from alt IEMs bracketing IRF
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s, i Quantifying the high energy break

amma-ray

Fit W51C between 400 MeV and 300 GeV with smooth broken
power law (b=0.1 fixed everything else free) and power law.

Significance=7.50 oo

Epreak 2.66%0%7 5,5, GeV ﬁ

— +0.06 %
Index1 = -2.11%0.96

Index2 = -2,53+0.06 | b8 atoem

102 10° 104 10°
E [MeV]

Systematic uncertainties are negligible compared to statistical
ones

The Index2 is the high energy index, in excellent agreement with
the index -2.58+-0.07 that MAGIC measured
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s P SED modeling

Parent particle spectrum: smooth-broken power law with exponential cut off
(momentum space)

Fit is insensitive to '
cut off momentum
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s, L Summary W51C

« Very significant low energy break at 291 MeV

« 2" high-energy break at about 2.7 GeV

 Fermi/LAT spectrum connects smoothly to MAGIC spectrum

« Alternative IEMs show same behavior as std IEM

« Overall morphology and position is the same as used in 2FGL
« SED is well explained by pp interaction

It’s safe to say: W51C is a cosmic-ray source
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s YL Comparison to 1C443 and W44

What can we say about SNRs as CR sources in general?

Not that much given that only 3 are established CR sources
 Middle aged : 10k — 30k years
« All SNRs display break in parent particle spectrum

» Spectral break occurs between p,, .. ~ 10 — 300 GeV/c?
= Spectral index change ~ 0.5 -1.15

 All of them have some kind of interaction with MCs

The high energy break is very interesting but it’s origin is unclear, it
might be related to the escaping cosmic ray scenario

17
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Cag— Conclusion

 The number of SNRs identified as CR sources is slowly growing

* Pion cut-off feature is an excellent method but works only for bright
SNRs

 Middle aged SNRs seem to show a “high-energy” break at tens to
hundreds of GeV that needs an explanation

Tobias Jogler SUGAR Workshop Geneva 22/1/2015
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s, P Conclusion

/!

The number of SNRs identified as CR sources is slowly growing
Pion cut-off feature is an excellent method but works only for bright
SNRs

Middle aged SNRs seem to show a “high-energy” break at tens to
hundreds of GeV that needs an explanation

Outlook

Try to increase the number of detected CR accelerating SNRs
= Let Fermi/LAT fly as long as possible

Measure the cut-off energy of the gamma-ray emission
= |ACTs like HESS,MAGIC, VERITAS and especially CTA

Getting solid values for the target density in and around the SNRs
would be great to see if SNRs accelerate enough CRs to be the
dominant sources of CRs
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