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Evidence of proton acceleration at SNRs

Fermi-LAT Collaboration 2013

Aharonian et al. 2019

• no evidence for PeV proton acceleration
• spectral cutoff/break below 10TeV



CGPS, 1.4GHz
Pineault & Joncase 2000

Effelsberg, Liu et al. 2020 

Radio Observation on SNR G106.3+2.7

Compact, bright Head
(including energetic pulsar PSR J2229+6114 
of ~10kyr and its PWN Boomerang)

Diffusive, faint Tail



Molecular Cloud (CO)

Distance 
~800 pc

HI Cloud

Kothes et al. 2001

HI cavity in 
the tail region

CO line data of 
IRAM 30m 
telescope does 
not show clear 
evidence for 
direction 
interaction 
between SNR 
and the clouds
by Q.C. Liu & Y. 
Chen, to be 
submitted



VERITAS 1-10TeV
VERITAS Collaboration 2009

Tibet AS+MD, 10-100TeV
Asγ Collaboration 2021

Fermi-LAT 3-500GeV
Xin et al. 2019 

Also seen by MILAGRO

HAWC 1-100TeV
HAWC Collaboration 2020

Gamma-ray 
observation on 
SNR G106.3+2.7 
region

Centroid of the 
gamma-ray emission 
coincident with Tail

“We estimate that 
our emission 
centroid deviates 
from the pulsar 
location at a 
confidence level of 
3.1σ”

LHAASO Collaboration 2021



Blue: Atomic (HI) Cloud
Red: Molecular Cloud

Head: Interacting with HI Cloud
Tail: Expanding into a Cavity

Fermi-LAT 3-500GeV (Xin et al. 2019) 

HAWC 1-100TeV (HAWC Collaboration 2020)

VERITAS 1-10TeV (VERITAS Collaboration 2009)

Tibet AS+MD, 10-100TeV (Asγ Collaboration 2021)

LHAASO, >100TeV (LHAASO Collaboration 2021)

Gamma-ray coincident 
with the molecular cloud

Ge, RYL, Niu, Chen & Wang 2021, 
The Innovation, 2, 100118



Both leptonic and hadronic scenario work

Liu et al. 2020

Xin et al. 2019

Asγ Collaboration 2021



100TeV e

20TeV γ

5keV (10μG)

IC

Syn

Better angular resolution & more statistics

X-ray observation is helpful!



Nonthermal X-ray emission from SNR G106.3+2.7-Boomerang complex

Ge, RYL, Niu, Chen & Wang 2021, 
The Innovation, 2, 100118

H for Head (excluding Boomerang)
T for Tail
O for Outside

Significant contrast of X-ray surface 
brightness inside and outside the SNR

See also Fujita et al. 2021 for analysis of Suzaku data



The inferred high shock velocity 
empowers  the shock to accelerate 
PeV protons! 



X-ray spectrum constrains 
IC contribution to gamma 
rays above 10TeV 

0.4 track-like events above 50 TeV for 
the 10-year operation of the IceCube



Summary

The SNR G106.3+2.7 – Boomerang complex resides in a particular 
environment: Head region is enveloped by dense HI cloud while 
the tail region is expanding into a low-density wind cavity

Nonthermal X-ray emission in both head region and the tail 
region, and the surface brightness profile implies the SNR 
shock in the tail region maintains a high speed despite that it 
is probably already at middle age of several thousand years.

Given the high-velocity shock and the sufficiently long 
lifetime, the shock is able to accelerate protons to PeV

The X-ray spectrum in the tail region restricts the IC contribution 
to the TeV emission above 10TeV, and supports a hadronic
origin.of the 10-100TeV emission. This scenario is consistent 
with the presence of a molecular cloud in the tail region.



Back-up Slides





Age of the pulsar



Polarization

Gao et al. 2011
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