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Pulsar TeV halos-very extended PWNe

Extended to 5o (20 pc)!

HAWC Collaboration (Science; 1711.06223)



Much larger sizes



HAWC Collaboration 2017, 
Science, 2017, 358, 911 

Inefficient diffusion

Diffusion: two orders of 
magnitude slower than the 

typical ISM !



Positron excess
1. Dark Matter
2. Nearby pulsars

（Geminga, 250pc）

➢ Injected positrons are well 
confined in the surrounding 
of Geminga

➢ has not reached Earth for an 
age of 340kyr

AMS-02 Collaboration 2019

Implications for the positron excess

Seems good news for dark matter 
model !



Can the diffusion be so low near Earth?  

Hooper et al. 2018



Two-zone diffusion: save the pulsar model 

Introduce an outer normal diffusion zone

Profumo et al. 2018
Fang et al. 2018



Importance of GeV gamma-ray observations

GeV gamma-ray emission 
can put more direct 
constraints！

300GeV electron/positron up-
scatter IR photon field
ε=10GeV (Ee/300GeV)2(T/300K)

so we should look at Fermi/LAT data ! 



Analyzing the Fermi-LAT data of the TeV halos
(Xi et al., 2018)

40°x40° ROI, 10-500GeV

Count map Residual map

D(100GeV)~2x1026cm2/s, (Dtgem)1/2~30pc ~ 7°



We produce spatial 
templates (on the premise of 
fitting HAWC’s observation

Soild:10GeV

Dashed: 500GeV
No LAT detections



HAWC’s best-fit parameters: Two-zone diffusion model:



A harder injection spectrum: p=1.7

➢A hard spectrum leads 
to a lower positron flux 
at GeV energies

➢ Insufficient to explain 
the positron excess at 
Earth



II. X-ray observation of the TeV halo 
(Liu et al. 2019, ApJ)

Motivation:

We expect to see the X-ray halo around Geminga



f0.7−2.0 keV = 
6.1 × 10−15 erg cm−2s−1

fxmm,0.7−1.3 keV =
5.0 × 10−15 erg cm −2s−1

Analysis results –No X-ray counterparts



B=3μG B=0.8μG

Constraints on the magnetic filed



Summary so far

➢HAWC has detected diffuse TeV halos extending at 
least 30pc, but no significant diffuse GeV and X-
ray halos around Geminga have been detected

• - a hard electron spectrum is needed (p<1.7)

• - difficult to explain positron flux 

➢ In the framework of isotropic diffusion, a highly 
turbulent region with very weak magnetic field is 
required.

• - unique objects

➢Need more pulsar TeV halos

- better to have wider energy coverage (>100 TeV)



HAWC Catalog about 1/3 sources are PWN or PWN candidates

➢ an almost guaranteed outcome of LHAASO 

➢ LHAASO may go to >100 TeV

HAWC Collaboration 2017





Summary

➢ High Expectation on LHAASO’s contribution in this field, which will 
be important to understand CR propagation in Galaxy and the 
properties of PWN

➢ LHAASO can go to >100 TeV, probing the acceleration and transport 
of the highest electrons by pulsars
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