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Ø Observation of Cygnus Bubble by LHAASO and Modelling
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Origin of Cosmic Rays



Casse & Paul 1980

Cesarsky & Montemerle 1983

Massive stellar winds as CR accelerators
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Gamma-ray as Probes of Hadronic CR Accelerators

Aharonian et al. 2019

CR Spatial distribution 
ucr ~ L/r         Diffusion

dN/dE~E-3

dN/dE~E-2.2

Cas A: ~340yr
c*340yr ~ 110pc=1.8deg
Non-detection of signal 
within 1.8 deg of Cas A put 
a strong upper limit on the 
PeV CR energy budget

L(>100TeV)<~1038erg/s
for n=10 cc

LHAASO Collaboration 2024



Particle acceleration in star clusters

Colliding shocks Collective wind termination shocks

Bykov et al. 2013 Morlino et al. 2021

Vieu et al. 2022



Previous Gamma-ray Observation of Cygnus Star-forming region

Cygnus X: an intense star-forming region close to Earth (1.4-1.7 kpc)
extension ~ 200 pc
hundreds of O stars, thousands of B stars
several x106 M⨀ solar mass in gas

Wright et al. 2015Credit：ESA/Herschel Space Observatory



Asgamma Collaboration 2021

Fermi-LAT Collaboration 2011

ARGO Collaboration 2014



LHAASO’s Observation and Model



LHAASO’s Observation

0.54 Crab flux @ 100TeV 
within 0.3deg of the 
best-fit position

Half array over 11 months



Binary system composed of 
PSR J2032+4127 & Be Star

SNR γCygni

80 7090

Dragonfly Nebula
& Cygnus OB1

LHAASO Collaboration 
2023



7/66 from central 0.5 deg region v.s. 66*(0.5/6)2≈0.5
2/8 PeV event from central 0.5 deg region

66 photon-like events within a radius of 6 degree with an 
estimated background of 9.5

Overdensity at the centre – injection!



Spectrum goes up to 2.5 PeV, without 
significant softening or cutoff feature Favor hadronic origin

Energy-independent size
Leptonic scenario: r~(Dtc)1/2~ decrease with E increase



Spectra of different components
Radial surface brightness profile
Cygnus Cocoon measured by Fermi-LAT
Gas distribution

2D projectionRadial distribution

Physical Picture



1% of mechanical 
power of OB2

Excess of CR density up to 600 pc at 1PeV



D(Ep)=5x1026 (Ep/1TeV)1/3 cm2/s



Neronov et al. 2023

29/7.7/0.36 (anti-)muon neutrino events above 1/10/100 TeV for 10-yr IceCube operation



the position of the bubble 
centroid basically follow 
that of the accelerator / 
injection point



Discussion and Summary



Could other sources power the bubble?

Unlikely.
Distance: 7.4 
L ~ d2~ 25 ↑
Much Less gas target at 7.4 kpc 
LEDD~1039erg/s
Required Lp >> LEDD

PSR J2032+4127 / MT91 213
Unlikely.
Lsd~1.7x1035 erg/s << required Lp
Binary emission – variable as measured by 
MAGIC & VERISTAS

Cygnus X-3 



Influences on global CR transport in our Galaxy

Credit:ESA/Gaia

DISM~10(E/1GeV)1/2 

from secondary-to-
primary CR ratio

How common could 
such giant slow-
diffusion bubble 
appear in Galaxy?



Summary

Ø LHAASO has detected a giant ultrahigh-energy gamma-ray bubble in Cygnus star-forming 
region, extending a radius of at least 6 deg

Ø Spectra and morphology of the bubble support the origin of UHE emission to be hadronic 
interactions of diffusing protons injected from the centra accelerator and surrounding gas

Ø Protons need be accelerated well beyond PeV in the central source. Cygnus OB2 is the best 
candidate of the super PeVatron, and the first-ever located source of CR at 10 PeV

Ø Observations of IACT with higher angular resolution toward the core region can reveal more 
physics. 

 
Thank you for your attention!


