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RXJ1713-3946 (H.E.S.S.)

 Detection of SNRs in the gamma-ray domain 

Hadronic interactions:  
Pion decay

p+ p ! p+ p+ ⇡0

<latexit sha1_base64="YGvtj9tc+BcrR36QyoboahxkrO8="></latexit>

⇡0 ! � + �

<latexit sha1_base64="9Vb+juiY6unyWmdODxwl2W6My8E="></latexit>

CR

ISM

Leptonic interactions: 
Inverse Compton scattering

�i

�f
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228 sources listed 

58 « SNRs »

12 Shells
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SNR  
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MeerKAT picture of the day Feb. 2nd 2022



What is wrong with supernova remnants? 

1. All SNRs seem to not be 
pevatrons
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2. The slope of accelerated particles 
at SNR shocks 

3.       Particle spectra released 
in the ISM 

B/C / E��
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How much e/p? For how long?

E�(2.4..2.1) ⇥ E�(0.3..0.6) = E�2.7
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Three issues

1. Injected spectra steeper 
than E-2 (DSA test-particle)

2.       Accelerated spectra 
steeper than E-2  

3.       No SNR Pevatron 

<latexit sha1_base64="NgGzA2jtCa+JdZxrGY0ZefxvmPI="></latexit>

f(p, t) / p�↵
<latexit sha1_base64="lxBgBw9VyO+MdAnHr4+DSOdmZ0g="></latexit>

N(p, t) /
Z

dtf(p, t)ush(t)4⇡rsh(t)
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How to reach PeV energies at a SNR? 
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Possible for young and « energetic » SNRs!

Tycho with Chandra 
Warren et al. (2005) Vink (2012) 

B >> B_ISM



How to reach PeV energies at a SNR? 

Resonant  
streaming of CRs 

Skiling (1975) 

Instability  
density fluctuations 

Giacolone & Jokipii (2007)

Acoustic instability 
Drury & Falle (1983) 

Non-resonant streaming  
Bell (2004) ….
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The low rate of supernova remnant pevatrons

Reviews: Drury (1994) 
Blasi (2013,2019)  

Gabici et al. (2019) 
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« Bell » non-resonant streaming instability
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Streaming CRs exert a force on the MHD plasma: 
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Non-resonant streaming of CRs
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Bell (2004), Bell et al. (2013), Schure et al. (2014)



Non-resonant streaming of CRs

pmax(t) ⇡
rsh(t)

10

⇠e
p

4⇡⇢(t)

⇤

✓
ush(t)

c

◆2

<latexit sha1_base64="47o8p6zZPLJIDvEZ3jAa/8CWCWQ="></latexit>

Z t

0
dt0�max(t

0) ' 5
<latexit sha1_base64="KfqrMrmmuxy+89KA5IB9uz7EUjw="></latexit>

Growth rate of the non-resonant 
 streaming instability  

Different for different SNRs/SNe

Type Ia Type II

RSG Low density  
bubble MS

ISM

D
en

si
ty

ISM

24

Bell (2004), Bell et al. (2013), Schure et al. (2014)
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List of parameters: 

Protons from type Ia

Injection  
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Galactic dimensions
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Protons from type II*
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No room for

 other SNRs
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What does this mean?

1. SNRs are OK but we won’t see any PeVatrons with CTA 
2. Another instability (not Bell) comes into play  

3. Strong temporal dependance on one/several parameters 

Mimicking 
bump?

Reaching PeV

MAYBE: 
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What is wrong with supernova remnants? 

1. All SNRs seem to not be 
pevatrons

2. The slope of accelerated particles 
at SNR shocks 

3.       Particle spectra released 
in the ISM 
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What is wrong with supernova remnants? 

1. All SNRs seem to not be 
pevatrons

2. The slope of accelerated particles 
at SNR shocks 

3.       Particle spectra released 
in the ISM 
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Particle content: accelerated vs. injected?
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Difference total spectrum electron vs. proton

PC, Blasi, Caprioli (2021)
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What is wrong with supernova remnants? 

1. All SNRs seem to not be 
pevatrons

2. The slope of accelerated particles 
at SNR shocks 

3.       Particle spectra released 
in the ISM 
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PeV range

Non-linear drift 
effects

Cumulative 
spectra (losses)
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PeV range

Non-linear drift 
effects

Cumulative 
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Conclusions: particle acceleration at supernovae 
(gamma-ray domain CTA?) 

1. Slope of accelerated particles? 
2. Maximum energy? 
3. Efficiency? 
4. Magnetic field?
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Conclusions: particle acceleration at supernovae 
(gamma-ray domain CTA?) 
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