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BACKGROUND



YMCS 

Westerlund 2 (HST image) NGC 3603 (VLT image)

• More than dozens of OB stars and WRs
• Compact structures ( ~ pc)



YMCS IN OUR GALAXY

• ~20 in our Galaxy

• More to be discovered (high 
extinction in Galactic plane  )

• The wind power of a single 
young star  can be as high as 
1e37 erg/sDavies et.al 2011



YMCS CAN POTENTIALLY ACCELERATE CRS

Bykov et.al 2014

Morlino et.al 2021



YMCS CAN POTENTIALLY ACCELERATE CRS



GAMMA-RAY EMITTING YMCS

Cygnus Cocoon  30 Doradus C 

Westerlund  1 

New GAMMA-RAY Source population:

Cygnus Cocoon(GeV-TeV)[Fermi 2012, HAWC2022]
Westerlund 1 (TeV) [HESS collaboration 2012]
Westerlund 2 (GeV, TeV？)[Yang et.al 2018]
NGC 3603 (GeV, TeV)[Yang et.al 2017]
W43 (GeV, TeV?) [Yang et.al 2020]
W40 (GeV) [Sun et.al 2019]
G25/RSGC 1[Sun et.al 2020]
Carina nebular [Ge et.al 2022]
M17 [Liu et.al 2022]



GALACTIC CENTER (HESS 2016)

• Also reveal extended emission and hard spectrum (index ~ 2.2)
• Diffuse emission up to more than 150 pc
• GC region harbors Arches, Quintuplet and Nuclear cluster



WESTERLUND 1 FROM H.E.S.S  

HESS 2022

• extended emission up to more than 150 pc
• Hard spectrum up to 20 TeV



RADIAL DISTRIBUTION OF COSMIC RAYS

• CR distribution derived by gamma-
ray profile and gas distributions 

• All four sources (Wd1, Wd2, 
Cygnus cocoon, GC) show 1/r 
distribution of CRs

• In diffusion, 1/r profile implies a 
continuous injection (in the lifetime 
of clusters)



MASSIVE STAR CLUSTERS AS PEVATRONS?

• Cygnus cocoon, Wd 1 and CMZ all 
emit multi-TeV gamma-ray.

• The spectrum of CMZ and Wd1 put 
lower limit of cutoff of parent   
proton spectrum to be several   
hundred  TeV

• Difficult for IACT (large size, UHE) 

• LHAASO is the ideal instrument! 



CYGNUS REGION



FERMI LAT DETECTION

• extended emission up to more than 50 pc (Gaussian sigma/ r39 of  2.0 degrees)
• Hard spectrum in GeV band

Fermi Collaboration 2011



ARGO AND HAWC DETECTION

• Similar morphology
• Hard spectrum in GeV band, softening above TeV, up to more than 100 TeV

Argo-YBJ Coll. 2014

HAWC Coll. 2021



FERMI LAT 2023 UPDATE

• Slightly more extended (~2.9 degrees)
• multiple component, central extended source with HII gas 

HII gas template

Astiasarain et.al 2023



LHAASO ADVANTAGES

• High duty cycle: ~100% running time

• Large FOV:

• 1/7 of the sky at any time

• 60% of the sky in a diurnal observation

Unprecedented sensitivities above 20 TeV Large field of view



 FIRST LHAASO SOURCES 

Hints from first 12 sources



LHAASO VIEW ON CYGNUS

Galactic diffuse gamma-ray background 
(GDE) must be taken into account



LHAASO VIEW ON CYGNUS

Huge bubble beyond 
~10 degrees (200 pc)



LHAASO VIEW ON CYGNUS

Energy independent morphology
Favor hadronic origin



LHAASO VIEW ON CYGNUS

likelihood fitting derived 4 components:
1. inner bubble(Cocoon)
2. Cygnus bubble (~10 degrees, associated with 

HI gas)
3. Hotspots associated with molecular gas
4. Bright central source

J2032+4127 (PWN/BINARY) are 
already subtracted from the analysis



Gas distribution and derived CR density

CR  injected by the source dominate 
the CR sea up to several hundred pc 

-10 to 20 km/s  for CO 
-20 to 30 km/s for HI are integrated



HIGHEST ENETGY PHOTONS



Schematic fitting of observations

comments:
The inner bubble (cocoon/gaussian) component is 
just functional representation of the data
The similar spectrum reveal same origin of “inner 
bubble ” and Entire bubble



X-ray observations

• Swift observations
• at most 1/4 can be of leptonic ( B~20muG )

Guevel et.al 2023



Neutrino searching

LHAASO coll. 2024

ICECUBE upper limit consistent with prediction

Li et.al 2024
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GALACTIC MINI STARBURST W43

Yang & Wang 2020

•Galactic mini star burst 
•Contribute 10% of the Galactic star formation rate
•Huge HII region excited by central WR/OB cluster
•GeV detection
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REMARKS ON LHAASO RESULTS

• Detection of gamma-rays far beyond the “cocoon”

• Central concentration of UHE photons potential injection process

• Curved spectral shape up to PeV (for both ‘cocoon’ and ‘bubble’ )

• Further analysis with updated 3D gas distribution



LHAASO VIEW ON W43
> 25TeV > 100TeV

•UHE gamma-ray emission reveal good correlation with  dense gas
•Spectrum up to 400 TeV

LHAAO Coll.
https://arxiv.org/abs/2408.09905



LHAASO J0056+6346

• UHE gamma-ray emission associated (super)bubble structures
•     Spectrum up to 400 TeV



DANKS 1/2

•  Another “typical”  GeV gamma-ray emitting YMC
•  CR spectral index ~ 2.4-2.5 ,  physical extension of 50 pc
•  Cluster age Danks1~ 1.5 Myrs. Danks2 ~ 3 Myrs

Liu et.al arXiv:2406.03320 



CONCLUSION

• YMC is an interesting Gamma-ray source population

• LHAASO keep providing results in the highest energy band

• Still need to understand emission/acceleration mechanism 


