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Galactic Diffuse Gamma-ray Background (DGE)

pp collision
(CR hadrons + ISM)

E?I(MeV? em? s sr-! MeV™')

Credit: NASA
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Diffuse Emission = All Emission - Identified Sources (point/extended)
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E2dN/dE [TeV cm~2 s~1]
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re-scaling the flux

some emission from ISM is also masked
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R.A. [deg] D1oo (Diffusion coefficient of [x10%7 cm?/sec] 45+1.2
100TeV electrons from joint fit of
ok ik il B X a i A S two PWNe)

Significance [sigmas)

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

J0359+5414 J0543+2329 J0633+1746 J1740+1000 J1913+1011 J1915+1150 J2028+3332
Age (kyr) 75 253 342 114 169 116 576
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Pulsar halos: large amount (0.01-0.02/yr),

extended (hard to resolve)
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Simulation with a realistic pulsar sample

 Search in the ATNF puslar catalog, single out pulsars with JName I] b[] P[] P[s/s] L.|ergs '] dlkpq]
characteristic age between 50 kyr and 10 Myr (1179) J1820-0427 25.46 4.73 0.598082 6.33e-15 1.17e+33  2.857

. . . : J1821-0331 26.39 4.98 0.902316 2.53e-15 1.36e+32  7.556
* Obtain positions of pulsars in the Galaxy with |, b, d J1829+0000 30.46 4.82 0.199147 5.25e-16 2.62e+33  4.353
* Generate magnetic field and radiation field around each pulsar J1830-0131  29.16 3.99 0.152512 2.11e-15 2.3de+34  3.502

. 7183240029 31.25 4.36 0.533918 L.55e-15 4.03e+32  1.120
* Simulate pulsar halos powered by these pulsars based on J1833-0209 28.92 3.09 0.291931 2.75e-15 4.37e+33  13.360

different transport models J1833-0338  27.66 2.27 0.686733 4.16e-14 5.07e+33  2.500

. . J1833-0559 25.51 1.32 0.483459 1.23e-14 4.31e+33  6.827
[ ]
Project each halo onto the celestial sphere J1834-0602 25.64 0.97 0.487914 1.83e-15 6.21e+32  6.340

* Mask and calculate the remaining flux J1835-0349 27.68 1.86 0.841865 3.06e-15 2.02e+32  5.510
« Correct for contribution of off-beamed pulsars J1835-0600 25.76 0.83 2221787 8.43e-15 3.03e+31  10.644
J1836-0436  27.17 1.13 0.354237 1.66e-15 1.48¢+33  4.358
. i J1836-0517 26.51 0.92 0.457245 1.30e-15 5.38¢+32  8.315
il T i - J1837-0045 30.67 2.75 0.617037 1.68¢-15 2.83e+32  3.145
8| P\ 2 J1837-0559 26.00 0.38 0.201064 3.31e-15 1.61le+34  4.315
) , f=9 <log _) +3, J1839-0141 30.01 1.97 0.933266 5.94e-15 2.89e+32  6.074
g y ‘ 10 J1839-0223 29.50 1.46 1.26679 4.76e-15 9.25e+31  6.088

J1839-0321 28.60 1.10 0.238782 1.25e-14 3.63e+34  7.852

T \?2 J1839-0332 28.46 0.93 2.675682 4.76e-15 9.81e+30  4.042

f=1l (10 ‘1&)‘) +15, J1839-0402 28.02 0.73 0.52094 7.69e-15 2.15e+33  4.231
J1839-0436 27.41 0.65 0.149461 8.1e-16 9.57e+33  4.483

T [Myr]
10

0.1
T

A . B Tauris & Manchester 1998, MNRAS

Inclination angle a,,

0.01
-

Inclination angle .



Galactic Magnetic field Model

regular component

Field Best fit Parameters

Description

Disk by = 0.1+ 1.8 uG
by = 3.0 + 0.6 uG
b3 = —0.9 + 0.8 uG
by = —0.8 + 0.3 uG
bs = —2.0 + 0.1 uG
b = —4.2 4+ 0.5 uG
b7 = 0.0 + 1.8 uG
bg = 2.7+ 1.8 uG
bring = 0.1 £ 0.1 uG
hdisk = 0.40 £ 0.03 kpc
Waisk = 0.27 % 0.08 kpc

field strengths at » = 5 kpc

inferred from b1, ..., b7
ring at 3 kpc < r < 5 kpc
disk/halo transition
transition width

Toroidal Bp =1.440.1uG

halo Bs =—-1.14+0.1 uG
rn = 9.22 £+ 0.08 kpc
rs > 16.7 kpc

wp = 0.20 &£ 0.12 kpc
zp = 5.3+ 1.6 kpc

northern halo

southern halo
transition radius, north
transition radius, south
transition width
vertical scale height

X halo Bx =4.6 £0.3uG
0% =49+1°

rx = 4.8 £0.2 kpc
rx =2.9£0.1 kpc

field strength at origin
elev. angle at z = 0,7 > r§
radius where ©x = @9(
exponential scale length

striation v =2.92+0.14

striation and/or ncre rescaling

Jansson & Farrar 2012a, b

random component

Field Best fit Parameters Description
Disk by = 10.81 £2.33 uG field strengths at r = 5 kpc
component b2 = 6.96 £+ 1.58 uG
b3 =9.59 £ 1.10 uG
by = 6.96 + 0.87 uG
bs =1.96 + 1.32 uG
be = 16.34 £ 2.53 uG
by =37.29 £2.39 uG
bg = 10.35 £ 4.43 uG
bint = 7.63 £ 1.39 uG field strength at r < 5 kpc
leSk = 0.61 +0.04 kpc Gaussian scale height of disk
Halo Bo =4.68 +£1.39 uG field strength
component rg = 10.97 £ 3.80 kpc exponential scale length
zo = 2.84 £ 1.30 kpc Gaussian scale height
Striation B =1.36£0.36 striated field BZ, , = ,B’Bﬁe5
20 8
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transport equation in real

space and energy space

D.. = Dy = Do(E./1GeV)?

D,. =D, = D,.M* (My=0.1-1)

Isotropic Diffusion Model

D(E.7) Do(E/100 TeV)Y3, 1 < 1,
77" =
Dism(E/100 TeV)Y3, 7 > 1y,

r, =20 pc
Do=4.5X102" cm2s™1
Digm = 1.8 X 1030 cm?2s-1
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Flux and longitudinal profile

10-7 (a) 21D model, Inner Galactic Region 10-7 (b) 2ID model, Outer Galactic Region - Galaxy Plane, 10-63 TeV
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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!



