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Abeysekara et al., Science 358, 911-914 (2017) 17 November 2017



kP EXE T HEL

pulsar
velocity
-~

ISM density
gradient

(in all 3 panels)

Stage 1 (t < 10 kyr)

FS

Stage 2 (t ~ 10 — 100 kyr)

—

SNR

ISM

-~

e~y 2HROIIONG
NS remnant

e pulsar
pulsar wind
nebula
=10 TeV e+,/_
(I~ e
oy > 1 TeV

:a‘”-rl | r”;,,,“:f:’\'- g am m a_ rays

Stage 3 (t > 100 kyr) "

LT

|

T
T t )

halo

SNR
ISM

Gaensler, B. M., & Slane, P. O. (2006). The evolution and structure of pulsar
wind nebulae. Annual Review of Astronomy and Astrophysics, 44, 17-47.

y

“Puslar halo”




LHAASO #iZRRHI30 N RERKHE

NAME RA |Dec| | b r t E E[r* Comments®

@ L) ] @) | ) |(kpe)| (100 kyr)| (10*%erg s~1) | (10%ergs " kpe~?)
JOG33+1746( 98.5 |17.8(195.1| 4.3 | 0.19 3.42 3.25 90.03 Geminga, detected by HAWC
B0656+14 |105.0(14.2|1201.1| 8.3 | 0.29 L.11 3.80 45.18 detected by HAWC
B1951+32 |298.2(32.9| 68.8 | 2.8 | 3.00 L.07 374 41.56 with X-ray PWN, missed in TeV
J1954+2836|298.6(28.6| 65.2 | 0.4 | 1.96 0.69 105 27.33 detected by Milagro
JLI7404-1000(265.1110.0] 34.0 [ 20.3 | 1.23 1.14 23.2 15.33 with X-ray PWN, missed by HAWC
J1913+1011|288.3(10.2| 44.5 | -0.2 | 4.61 1.69 287 13.50 detected by HESS YBJ HAWC
JI8364-5925(279.1(59.4| 85.9 [ 25.0| 0.30 18.3 1.14 12.67 missed in TeV
J2032+44127|308.1|41.5| 80.2 | 1.0 | 1.33 2.01 15.2 8.59 detected in X-ray, TeV
J192841746(292.2|117.8| 52.9 | 0.1 | 4.34 0.83 160 8.49 detected by HAWC?
J1831-0952 |277.91-9.9| 21.9 | -0.1 | 3.68 1.28 108 7.97 detected by HESS HAWC
B01144-58 | 19.4 [59.2|126.3| -3.5 | 1.77 2.75 221 7.05
JOG3340632| 98.4 | 6.5 |205.1(-0.9 | 1.35 0.59 11.9 6.53 detected by HAWC
JO2484-6021) 42,1 [60.4)|136.9( 0.7 | 2.00 0.62 21.3 5.33
B0355+54 | 59.7 [54.2|148.2( 0.8 | 1.00 5.64 4.54 4.54 the Mushroom X-ray PWN
J19384-2213|294.6|122.2| 57.9 | 0.3 | 3.42 0.62 36.6 3.13
JOG38H2817| 84.6 (28.3|179.7(-1.7 | 1.30 6.18 4.94 2.92 with X-ray PWN, missed by HAWC?
B1830-08 |278.4(-8.5| 23.4 | 0.1 | 4.50 1.47 58.4 2.88 with X-ray PWN
J204342740(310.9|127.7]) 70.6 [ -9.2 | 1.48 12.0 5.64 2.57
J202144026|305.4140.4) 78.2 | 2.1 | 2.15 0.77 11.6 2.51 detected in X-ray,TeV
JIBET4+0143|284.4| 1.7 | 35.2 | -0.6 | 4.57 0.71 45.1 2.16 detected by HESS HAWC
BO6114+22 | 93.6 |22.5|185.8| 2.4 | 1.74 0.89 6.24 2.06
J1841-0345 |280.4(-3.8| 28.4 | 0.4 | 3.78 0.56 26.9 1.88
J1913409041288.3( 9.1 | 43.5 | -0.7 | 3.00 1.47 16.0 1.78
B05404-23 | 85.8 |23.5|184.4( -3.3 | 1.56 2.53 4.09 1.68 detected by HAWC
J18464-0919|281.61 9.3 | 40.7 | 5.3 | 1.53 3.60 3.41 1.46
JOG114+1436| 92.8 |14.6]|195.4( -2.0 | 0.89 10.7 0.80 1.01
JO35T+3205| 59.5 |32.1(162.8|-16.0| 0.83 5.40 0.59 0.85 missed by ASgamma
J1838-0549 |279.7|-5.8| 26.3 | 0.2 | 4.06 1.12 10.1 0.61
B0919+06 |140.6| 6.6 |225.4(36.4 | 1.10 4.97 0.68 0.56
J1835-0944 |278.9|-0.7| 22.5 | -1.0 | 4.22 5.25 5.64 0.32 from Fang kun
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Half Array
2019.12.27-2020.12.07

Live time: 320 days

Background:
Equi-zenith angle method



Puslar halos Candidate

Pulsar (Ra(o ),Dec(o )) Extension(o ) TS(Point) TS(Diffu) Age(kyr) Distance(pc)
Geminga (98.6, 17.5) 6.62 + 0.66 179.7 668.1 340 250
Monogem (105.1, 14.5) 6.58 + 1.58 55.3 2130 110 288

J0622+3749 (95.6, 37 9) 0.83 +0.19 68.3 84.1 207 160
B0540+23 (85.9, 23.5) L8 D] 33.4 48.3 253 1560
J1831-0952 (277.8, 9 9) 143+ 041 53.7 77.8 128 3680

J2229+6114 (336.9, 60.9) 1.22 +0.14 351.1 435.3 10.5 3000

J2238+5903 (338.9, 59.4) 5.08 +1.99 94 .4 207.3 26 2830

J2021+4026 (305. 4 40 5) 1.08 +0.33 40.7 49.6 s 2150

J0633+4+-0632 (42 0.5) 1.60 4+ 0.75 18.7 i 59 135

J02484+-0621 (42 7 60 4) 1.62 4+ 1.06 16.4 20.4 62 2000

d?N E & 1.22
dEdq o (W) BT20.(E)(8 1 0.060,8Y) SP (0 /6a(E))



BO540+23

source sig residual sig
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Point+Point  83.6+0.01 21.9+0.01 85.7+0.05 23.5+0.03 6 1624.7
>25TeV point+Gauss  83.6+0.01 21.9+0.01 85.8+0.11 23.3+0.11 0.81+0.13 7 1658.1
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source sig residual sig

Point+Point 83.6+0.01 21.9+0.01 85.7+0.05 23.5+0.03 - 6 1624.68

>25TeV :
Point+Gauss 83.6+0.01 21.9+0.01 85.8+0.18 23.3x0.15 0.79%0.12 7 1657.85

Point+HAWC 83.6+0.01 21.9+0.01 85.7+0.12 23.3%0.12 2.27+0.66 7 1657.83



Diffusion Model

dN s, N B 1 b(Ey) _,2)5 1
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]1831-0952

source sig

>40TeV

Gauss+3point
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HESS J1831-098

HESS J1832-093
HESS J1833-105
HESS J1828-099

-10.0+0.06
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0.84+0.28
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E2dN/dE (TeV cm? s)
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Slow diffusion ?

D100(cm*2/s)
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Conclusion

e \We list pulsar halo candidates using KM2A data. Many
pulsar halos will be found by LHAASO

 We analysis two LHAASO sources, corresponding to pulsar
B0540+4+23 and J1831-0952. In diffusion model, their
diffusion coefficient is similar to HAWC Geminga.

e For pulsar Geminga, Monogem, J0622+3749, B0540+23,
]1831-0952, their halos have similar diffusion coefficient.
Slow Diffusion is general for pulsar halos ?
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Back up



Slow diffusion ?
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