
Haoning He (贺昊宁，PMO) 
Collaborators：Youliang Feng （冯有亮）, Yi Zhang（张毅）,  et al. 
2021/04/25 Guangzhou

On the Gamma-Ray and 
Neutrino Emissions from 
Nearby Starburst Galaxies



Stronger Magnetic field

Denser ISM

Nearby Starburst Galaxies

Higher Star 
Formation Rate

Higher Rate 

of CR Accelerators:

Supernovae (SNe)

Hypernovae (HNe)


Gamma-Ray Bursts (GRBs)

Superwind (SW)

Sources of UHECRs

Sources of High Energy 
Photons and Neutrinos

Smaller Distance Lower Attenuation rate of UHECRs and Photons 
with EBL photons 

Slower diffusion

Higher efficiency of 

pp collision



UHECRs Hotspot Observed by the Telescope Array

The TA collaboration, 2014



M82



It is found that the starburst model fits the data better than the hypothesis of isotropy with a statistical significance of 4sigma, the 
highest value of the test statistic being for energies above 39EeV

The Pierre Auger Observatory’s Analysis 

on the Association Between Starburst Galaxies and UHECRs

The PAO collaboration, 2018



IceCube Neutrinos

NGC 1068

The IceCube Collaboration 2020



Star Forming Galaxies with Gamma-ray emissions

Kornecki et al. 2020
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M82

Significance Map Spectrum

KM2A 1/2 array, 308 days, Dr. Youliang Feng’s Analysis
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NGC 1068

Significance Map Spectrum

KM2A 1/2 array, 308 days, Dr. Youliang Feng’s Analysis



Parameters of M82 and NGC 1068

CRs Accelerators:

Supernovae (SNe)

Hypernovae (HNe)

Superwind (SW)


The activity of the central black hole

Dense ISM

High SN rate

Yoast-Hull et al. 2013

Ha et al. 2020



Timescales in the starburst nuclei region of M82

Is M82 a Calorimeter?

The starburst region is a calorimeter for D(100 TeV)=1e27cm^2s^-1.  

The CRs accelerated via the superwind and injected into the halo can escape. 

Diffusion Timescale 

Strickland (2002)

Model: SN(1 PeV)+HN(100 PeV)+SW(100 EeV) inject protons into the Starburst Region.



Theoretical spectra 

compared with observations and LHAASO sensitivity

M82 M82

Red dotted curves: LHAASO 1 year sensitivity adopted from the white paper
Black solid curves: Attenuation by EBL photons considered.
Integrated neutrino count is as small as ~0.1 for IceCube 10 years operation. 

Preliminary



NGC 1068

Preliminary



NGC 1068

Inoue et al. 2020

Neutrinos are from the central region, which holds an active black hole, 
and is opaque for high energy photons. 



Kornecki et al. 2020

Star Forming Galaxies M31 & M33



Stacking Nearby Starburst Galaxies  
in LHAASO’s FOV with Distance <15Mpc

Name        RA [deg] DEC [deg] z       DL[Gpc] S12 μm S25 μm S60 μm S100 μm References
NGC660 25.7598 13.6457 0.00283 0.01233 3.05 7.3 65.52 114.74 1

NGC891 35.6392 42.3491 0.00176 0.00857 5.27 7 66.46 172.23 1

NGC1055 40.4385 0.443167 0.00332 0.01131 2.24 2.84 23.37 65.26 1

Maffei2 40.4795 59.6041 −5.7e−05 0.00332 3.624 9.238 135 225 6

NGC1068(M77) 40.6696 −0.0132806 0.00379 0.0137 39.84 87.57 196.37 257.37 1 
IC342 56.7021 68.0961 0.0001 0.0046 14.92 34.48 180.8 391.66 1

NGC1569 67.7044 64.8479 0.00035 0.0046 1.24 9.03 54.36 55.29 1

NGC2403 114.214 65.6026 0.00044 0.00247 2.82 3.57 41.47 99.13 1

NGC2903 143.042 21.5008 0.00186 0.00826 5.29 8.64 60.54 130.43 1

NGC3034(M82) 148.968 69.6797 0.00068 0.00363 79.43 332.63 1480.42 1373.69 1 
NGC3556(M108) 167.879 55.6741 0.00233 0.01385 2.29 4.19 32.55 76.9 1

NGC3627(M66) 170.063 12.9915 0.00243 0.01004 4.82 8.55 66.31 136.56 1

NGC3628 170.071 13.5895 0.00281 0.01004 3.13 4.85 54.8 105.76 1

NGC4102 181.596 52.7109 0.002823 0.0141 1.77 6.83 46.85 70.29 1

NGC4214 183.913 36.3269 0.00097 0.00367 0.58 2.46 17.57 29.08 2

NGC4631 190.533 32.5415 0.00202 0.00773 5.16 8.97 85.4 160.08 1

NGC5055(M63) 198.956 42.0293 0.00168 0.00796 5.35 6.36 40 139.82 1

NGC5194(M51) 202.47 47.1952 0.00154 0.00873 7.21 9.56 97.42 221.21 1

NGC6946 308.718 60.1539 0.00016 0.00532 12.11 20.7 129.78 290.69 1

NGC7331 339.267 34.4156 0.00272 0.01471 3.94 5.92 45 110.16 1




Summary

• More	exposure	is	needed	to	observe	photons	>10	
TeV	and	neutrinos	for	nearby	starburst	galaxies	
M82	and	NGC	1068.	

• To	do:	Nearby	star	forming	galaxies	M31	and	M33	

• To	do:	Stacking	analysis	on	nearby	starburst	
galaxies	and	star	forming	galaxies

Thank you!


