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Outline

What are pulsar halos?
- Observations
How are they formed?
- Theoretical Models
Why are they important?
- Implications
How could we figure out their nature?
- Prospect
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n: braking index (1<=n<=3)
T,: initial spin-down timescale
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(b) Supernova
Interstellar Material Blast Wave
and Swept-up

Gaensler & Slane 2006
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What's going on next?
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A battle with RS Gelfand et al. 2009
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Bow-Shock PWN

Conservation of Momentum: Natal kick velocity: 400-500 km/s Pulsar will eventually leave the related SNR
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Stage 1 (t < 10 kyr)
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Prediction of halo around leptonic CR sources

Prediction of relativistic electron clouds expanding in the ISM around CRe sources

Inverse Compton of electrons on IR/CMB — gamma ray
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HAWC’s measurement

Distance from Pulsar [degree]

0 2 4 (5] 8 10
23 12 - - . - .
g Geminga
" 1.0 A ¢ Data

=—— BestFitDx1lo

18

Declination
44:00.0 17:45:000 46:00.0

43:00.0

PSR BOG56+14

50.0
Right ascension

6:34:00.0

Dec. [deg]

o 10 20 30 40 50
Distance from Pulsar [pc]

Surface Brightness [10-12 TeV cm=2 s~! deg?]

10%

13

HAWC: (extrapolated with 5=0.33)

1032 | THE ASTROPHYSICAL JOURNAL, 509:212E228, 1998
PHYSICAL REVIEW D 77, 063527 (2008)

31 [ PHYSICAL REVIEW D 88, 023001 (2013)

10°" ¥ pRL 103, 051101 (2009)

_ 1030 : Y
e S
o 1025
1[}9 lﬂd gg .-.....-..@-....--...>
R.A. [de 107 )
[T

wlf =3 =2 =1 0 1 105 smaller than the typical 12/sec] 45+1.2
Significance [5"3'"351 ISM diffusion coefficient




LHAASO’s measurement
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Intenisty (10°erg cm?s™'sr™)
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Multiwavelength Observations

1. GeV gamma-ray Emission

Depending on Low-energy spectrum

2. X-ray Emission
E., ~ (E./m.c?)%c = 25(E,./100TeV)? TeV

Esyn =~ 2(E./100TeV)?*(B/31G) ke V,
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Theoretical Models

Model I: Isotropic, suppressed diffusion model
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CR self-regulation - Streaming Instability

Net flux v, === Diffusion: wave-particle scattering
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Diffusion Coefficient (cm?2 s™1)
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Lower limits of D/D g
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Model II: Transition from Ballistic Propagation to Diffusion
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Model IlI: Anisotropic Diffusion

sub-Alfvenic (M, ~AB;,/B,<1) turbulence, anisotropic

(in ISM, 0.1sM, s 1)
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Dark Matter v.s. Astrophysical Objects

Model |
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The Southern Widefield Gamma-ray Observatory

Exploring the dyndmic X=ray Universe
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Why LHAASO/SWGO?

(D Large FOV
(2 high sensitivity above 10TeV

(3) >10TeV, clean physics (unimportant streaming instability, irrelevant with early evolution, lower
background...)
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Distinguish different models — search for elongated halos
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Summary

» Pulsar halos are a new class of TeV gamma-ray sources, usually with extension of several tens
parsecs. Gamma-ray emissions are produced via escaped e = pairs upscattering CMB
» Pulsar halos have not been detected (significantly) at GeV and X-ray band.
» Three models have been suggested and there are pros and cons:
- Model I: isotropic, suppressed diffusion. Simple, consistent with observed morphology;
origin of the slow diffusion and low B field
- Model lI: transition from ballistic to diffusive propagation. Work with standard ISM diffusion
coefficients; energy crisis, unphysical assumption
- Model llI: anisotropic diffusion model. Work with standard ISM diffusion coefficients and B
field. Predict many elongated halos which have not been detected.
» Important contribution to the CR positron excess, Galactic diffuse gamma-ray background...
» Unravel puzzles with new-generation instruments

Thanks for your attention!
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