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Extended Very-High-Energy Gamma-ray 
Emission Surrounding PSR J0622 + 3749 

Observed by LHAASO-KM2A



TeV γ-ray halo of  Geminga/Monogem

HAWC Collaboration 2017, Science, 2017, 358, 911 

Two orders o f  magni tude 
smaller than the typical ISM 
diffusion coefficient



Pulsar halos: extended emission from particles (e+e-) 
diffuse/escape from pulsar wind nebula
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Halo Model
• Overdensity of relativistic electrons around a source, but 

source itself is not dominating the dynamics of the ISM
• Halos only form when the pulsar is very old (> 100 kyr)
• Energy density in electrons/positrons significantly less
than ISM energy density
• Halos do not significantly contribute to TeV gamma-ray
flux; Geminga and Monogem are the only known halos.
Some other systems may be starting to transition to halos



Some Key Projects

1. How do TeV Halos form and evolve?

2. How do they affect electron diffusion in 
the Galaxy?

3. What can we learn about the Galactic 
pulsar population from studying TeV Halos?



½ LHAASO-KM2A
2019年12月27日—2020年11月15日，
Fiducial area is ~0.4 km2



  LHAASO J0621+3755 

 Significance map with energy above 25 TeV



Extention
To define a source to be extended, TSext ≥ 16 is required
(TSext =16 corresponds to a formal 4σ significance), 
where 

corresponds to a significance of ~4.1σ



Energy dependent morphology



SED



Fermi pulsar: PSR J0622+3749

P: 0.333 s
Age: 208 kyr
Edot: 2.7e34 erg/s

d: 1.6 kpc (very 
roughly estimated
based on gamma
luminosity)

Pletsch et al. (2012)
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diffusion model
θ: angular distance
θd: diffusion extension
D(Ee) :diffusion coefficient

tE ~5.5 kyr  cooling time  
of electrons and positrons 
with ∼ 160 TeV



Radial Profiles

Gamma-ray energies as large as 40TeV--> e+e- as energetic as 160TeV

Inferred diffusion coefficients:



Multi-wavelength searches (H. Zhu)

Diffuse emission 
could be 
unresolved 
sources, or stripe 
noise



Multi-wavelength searches (H. Zhu)

No radio, infrared, optical counterpart at the pulsar's location



Fermi-LAT analysis (X. Huang)

No significant excess > 15 GeV around the pulsar's location



SED Modeling (K. Fang)



Comparison with Geminga and B0656+14

 PSR J0622+3749 shares similar properties with the other two 
pulsar halos observed by HAWC (Geminga and Monogem)

 No other counterpart of PSR J0622+3749 has been found in 
radio, infrared, optical, X-ray, and GeV gamma-rays 
(different from Geminga and Monogem)



X-ray PWNe of Geminga and Monogem
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Pavlov et al. (2006) Birzan et al. (2016)

• The X-ray nebula of Monogem has an unabsorbed flux of 
8.3×10-15 erg s-1 cm-2 in 0.5-8 keV

• For a distance of 5 times larger, the expected flux of that 
of J0622+3749 is probably too low (point source sensitivity 
of Chandra ACIS is 4×10-15 erg s-1 cm-2 for 104 s exposure)



Known PWN / halo population

Ø Halos as region with energy 
density far below ISM levels 
~0.1 eV/cm-3

Ø What about other halos?

Ø LHAASO J0621+3755 
around PSR J0621+3749 
(P=0.333s Age=208 
kyr,Edot=2.7e34 erg/s)

Giacinti et al, A&A 636, A113 (2020)

J0621+3749 J0621+3749





Potential  pulsar halos by LHAASO-KM2A

LHAASO is a Pulsar Halo Factory!



 The LHAASO discovery of this source enriches the class 
of so-called pulsar halos and confirms that high-energy 
particles generally diffuse very slowly in the disturbed 
medium around pulsars.

 TeV halos serve as a tool to study the ISM turbulence, 
which is fundamentally important to understand the 
transport of CRs in our Galaxy

 There are potentially many more TeV halos in our 
Galaxy and LHAASO is a finding machine for TeV halos

Summary
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