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Galactic Diffuse Gamma-ray Background (DGE)

Fermi-LAT Collaboration 2016, ApJS
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ARGO Collaboration 2015, ApJ

DGE at TeV-PeV band

5˚<l<100˚, |b|<5˚

ASγ Collaboration 2021, PRL



Contribution of Extended Sources and Unresolved Sources

2D Gaussian Profile
σ=0.5 deg
0.5 deg ~ 39% containment
of total flux

LHAASO Collaboration 2023, ApJS

Diffuse Emission = All Emission - Identified Sources (point/extended)



LHAASO’ latest measurements

LHAASO Collaboration 2023, PRL

Local CR density x Gas column density 

more complex CR transport

additional contribution other than CRs
Rui Zhang et al. 2023



Neutrino detection from our Galaxy with a significance over 4σ

IceCube Collaboration 2023, Science



dec <  -20, HESS Galactic 
Plane Survey (78 sources)

HESS Collaboration 2018, A&A

dec >  -20, 1LHAASO catalog 
(90 sources)

around 10TeV: candidate sources contribute 2/3 total 
flux (considering systematic error: 1/4 - 1)
above 100TeV: source contribution is negligible

Neutrino flux: Source v.s. Diffuse

removing pulsar-associated 
sources from the list



12%

8%

remaining flux

re-scaling the flux 

some emission from ISM is also masked



re-scaling the flux 

some emission from ISM is also masked



SNR G21.5-0.9
PSR J1833-1034

HESS J1825-137
PSR J1826-1334

Geminga
Monogem

Giacinti et al. 2020, A&A

PWN/Pulsar Halos as Extended VHE/UHE gamma-ray sources
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Discovery of Pulsar Halos

LHAASO Collaboration 2021, PRLHAWC Collaboration 2017, Science

Source J0359+5406 J0542+2311 J0634+1741 J1740+0948 J1912+1014 J1914+1150 J2028+3352

PSR J0359+5414 J0543+2329 J0633+1746 J1740+1000 J1913+1011 J1915+1150 J2028+3332

Age (kyr) 75 253 342 114 169 116 576ca
nd

id
at

es



Three models for pulsar halos

Wu, Liu, in prep



pulsar generation at a rate of 0.015/yr
10% of the spin-down power e pairs above 1 GeV
Injection: PL+exp.cutoff, p=1.7, Ec=100TeV
P0=0.3s, σp=0.15s

Linden & Buckman 2018, PRL 

Pulsar halos：large amount (0.01-0.02/yr), 
extended (hard to resolve)

Simulation of a 
pulsar sample

Pulsar Halos as sources of DGE

Dekker et al. 2023



Simulation with a realistic pulsar sample

• Search in the ATNF puslar catalog, single out pulsars with 
characteristic age between 50 kyr and 10 Myr (1179)
• Obtain positions of pulsars in the Galaxy with l, b, d 
• Generate magnetic field and radiation field around each pulsar
• Simulate pulsar halos powered by these pulsars based on 
different transport models
• Project each halo onto the celestial sphere
• Mask and calculate the remaining flux
• Correct for contribution of off-beamed pulsars

Tauris & Manchester 1998, MNRAS



Galactic Magnetic field Model

Jansson & Farrar 2012a, b

regular component random component



Morphology of individual pulsar halo

transport equation in real 
space and energy space

dominated by random field dominated by regular field

Isotropic Diffusion Model

AnIsotropic 
Diffusion Model

rb = 20 pc
D0 = 4.5 × 1027 cm2s−1

DISM = 1.8 × 1030 cm2s−1

(MA=0.1-1)



2D Intensity Map

Isotropic 
Diffusion

Anisotropic 
Diffusion



Yan, Liu et al. 2023, arXiv:2307.12363

s=2.2, ηe~0.1 for both models

Isotropic Diffusion Model

Anisotropic Diffusion Model

Flux and longitudinal profile



Summary

• 10-1000 TeV DGE measured by LHAASO exceeds the prediction of standard CR transport model below 
100 TeV

• By comparing the Galactic neutrino flux measured by IceCube and gamma-ray flux of Galactic sources, 
we found that 2/3 of the measured neutrino flux may originate from hadronic sources and 1/3 from ISM

• There possibly exists a leptonic component in the DGE measured by LHAASO between 10-100 TeV. 
Beyond 100 TeV, the flux is largely hadronic.

• We modeled the gamma-ray sky arising from pulsar halos based on the measured pulsar sample, and 
models of Galctic magnetic field and radiation field under both ID model and AD model.

• Pulsar halos may account for the 10-100 TeV excess in DGE (with a possible extension down to 
~100GeV)

Thank you for your attention!


