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PeVatron Candidate
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• We don’t know which objects are PaVatrons, i.e. galacHc
sources acceleraHng hardons to the knee energy.

• Recent progress in air shower arrays (e.g. LHAASO) enlarged 
the list of PeVatron candidate substanHally.

• SHll, definiHve evidence of hadronic PeV accelerators has not 
been found.Knee Energy

~3 PeV



SNR G106.3/ Boomerang PWN
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[Kothes 2001]

HI map

1420 MHz

X-ray

[Kothes 2001]

Ge 2021

• Comet shape SNR with head and tail
(named by Joncas & Higgs, 1990) seen 
in radio conHnuum.

• Head seems to be colliding with dense 
molecular cloud

• PWN is at the edge of head

• PSR J2229+6114
• Lsd = 2.2 x 1037erg/s
• Tsd = 10 kyr
• (X-ray absorpHon shows d = 3 kpc)

• AssociaHon with HI and SNR tells
• distance to SNR G106 is 800 pc.
• 14 pc long and 6 pc wide

• Non-thermal X-ray shows characterisHc 
profile 



SNR G106.3 in gamma-rays
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VERITAS >0.6 TeV (2009)

Milagro 35 TeV (2009)

• The source has been known in TeV
community since long

• Extended emission at > 30 TeV is 
known since 2009

• LHAASO recently detected it up to 500 
TeV.

- MoHvaHon of MAGIC study -

Observa7ons with higher angular 
resolu7on should shed new light on this 
source.

Fermi >3 GeV (Xin+ 2019)

CO line



MAGIC Telescope and G106.3 Observations
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• Located at LaPalma, Canary islands, Spain. 
2200m a.s.l.

• Two telescopes with a 17 m diameter dish

• FoV
Ø 3.5 degrees

• Energy range  
Ø from 30 GeV to 50 TeV

• Angular resolution
Ø 0.084 degrees > 0.2 TeV
Ø 0.072 degrees > 1 TeV

• Energy Resolution
Ø ~ 20% from 0.1 to 10 TeV

Observations of G106.3+2.7

Period: May 2017 - August 2019
Effec7ve Obs. Time: 122 hours
Zenith Angle rage: 30 – 50 degrees
Analysys Threshold Energy: 0.2 TeV



MAGIC Skymap

Gamma 2022 Conference at Barcelona, July 2022 6

• Gamma-ray emission 
extends along with the 
radio continuum emissions.

Preliminary

(33.4 hours in 2008)



Energy Dependent Morphology
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Milagro

HAWC

LHAASO

Tibet

Fermi
[Xin+2019]

VERITAS extension

• Morphology changes with energy.
• Consistent with previous measurements.

Preliminary
Preliminary

Preliminary



Two Region Analysis (> 0.2 TeV)
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Preliminary

Preliminary

Preliminary



Two region analsys (6- 30 TeV)
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Tail is significant

Head is not significant



Spectra of the two regions
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VERITAS integraHon region

Head

Tail

• Consistent with 
VERITAS and other 
previous 
measurements.

• Tail is marginally 
harder than head



Modelling
Assumption for modelling and interpretation
• Boomerang PWN and SNR G106.3 are associated.
• They are located at 800 pc and their age is 3 - 10 kyr.
• Emission at head and tail are produced in different physics conditions.
• Emission seen above 10 TeV by Air Shower Arrays are all from tail
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Tail
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SED modelling: head

CGPS
[Pineault+2000]

Suzaku “East”
(scaled)
[Fujita+2021]

Fermi [Liu+2021]

P and e Spectrum: Cutoff Power Law
IC seed photon: CMB and IR (inferred with GALPROP).
Pi producBon target gas: Inferred from HI and 12CO

Sync
IC

αe Ecut, e We (>1 GeV) B αp Ecut, p Wp (>1 GeV) Ngas

Leptonic 2.6 360 TeV 1.4 ×1047 erg  3 μG - - - -

Hadronic A 1.7 150 TeV 1.0 ×1044 erg 3 μG 1.7 150 TeV 1.0 ×1046 erg 100 cm-3

Hadronic B 2.5 60 TeV 1.9 ×1046 erg 10 μG 1.7 150 TeV 1.0 ×1046 erg 100 cm-3

OK

OK

Bad

π0decay



SED modelling: tail

Gamma 2022 Conference at Barcelona, July 2022 13

αe Ecut, e We (>1 GeV) B αp Ecut, p Wp (>1 GeV) Ngas

Leptonic 2.6 120/1200 TeV 1.6 ×1047 erg  3 μG - - - -

Hadronic A 1.7 1000 TeV 8.7 ×1043 erg 3 μG 1.7 1000 TeV 8.7 ×1045 erg 200 cm-3

Hadronic B 2.5 35 TeV 2.0 ×1046 erg 10 μG 1.7 1000 TeV 8.7 ×1045 erg 200 cm-3

P and e Spectrum: Cutoff Power Law
IC seed photon: CMB and IR (inferred with GALPLOP).
Pi production target gas: Inferred from HI and 12CO

OK

Bad

Bad



Interpretation
head

• Leptonic
Ø Electrons may be provided by the PWN
Ø Synchrotron Cooling time at 360 TeV is ~4 kyr
Ø Spin Down power 2.2 x 1037erg/s and age 3 kyr suggests the total enegy release of  2.2 x 1048 erg.
Ø We=1.4 ×1047 erg  

• Hadronic
Ø Protons are accelerated in SNR shell up to 150 TeV
Ø +Electrons from PWN

tail
• Hadronic

Ø Protons were accelerated up to 1 PeV when the SNR was younger, escaped the shock, and are 
colliding with the cloud now. 

Ø Diffusion length for O(100 TeV) protons after 5-10 kyr is 40-60 pc, larger than the SNR
Ø The spectral index (1.7) harder than 2.0 can also be explained.
Ø Spatial coincidence may be by chance?
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At age ~100 year

~ 50 pc

Travelling ~kyrs



Summary
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✔ SNR G106.3+2.7/Boomerang PWN is a PeVatron candidate. 

✔ MAGIC has detected extended gamma-ray emission 
spatially coincided with the SNR radio morphology.

✔ At higher energies (5.65-30 TeV),
MAGIC-tail emission is significant, while the head is not significant.

✔ Assuming that the emission > 10 TeV measured by Air Shower experiments are all from tail, 
head: electrons escaped from PWN?
tail: Protons accelerated in the past up to PeV and colliding with cloud later?

Future prospective
For precise discussion at the break energies of head & tail, further VHE observations with better 
angular resolution at 10 – 100 TeV are required to resolve the head and tail emissions.


