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General picture of Galactic CRs Cosmic Rays(CR) are high-energy

charged particles from outer space.
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The Milky Way: disk & halo structure

50,000 light-years

~40 kpc
The Milky Way disk and Fermi bubbles ||= =||
By NASA’s Goddard Space Flight Center ~ 500 kpc
The Circumgalactic Medium(CGM) halo extends to
virial radius. Gupta, Aetal, 2012




The Milky Way: mass distribution

Cautun et al 2020 with Gaia DR2: Baryon ‘{Da rk matter
Total mass of MW: 1x10** Mg = 1.6%1011 Mg + 84 x10* Mg

Stellar mass: 5x101° Mg
ISM mass: 1x10%° Mg
CGM mass: 1x10M1 Mg largest fraction! -> missing baryon problem



The Milky Way: mass distribution

Cautun et al 2020 with Gaia DR2: Dark matter
Total mass of MW: 1x10** Mg = 1.6x10* Mg + 84 x10M M,
Stellar mass: 5x101° Mg
ISM mass: 1x10%° Mg
CGM mass: 1x10M1 Mg -> missing baryon problem
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The Milky Way: mass distribution
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Cosmic ray transport: small VS giant halo
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Cosmic ray transport: small VS giant halo

CR transport equation: My (DVny) + 3,2 -2 4 Qinj
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Cosmic ray transport: small VS giant halo
CR transport equation: % =V (DVn;) + X %% + Qinj
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Cosmic ray transport: small VS giant halo
CR transport equation: % =V (DVn;) + X %% + Qinj

/

diffusion _ injection
Spallation & decay

-9.5

Giant halo:

I
—
S
o

Small halo: Giant halo:
7y < Rd RH > Rd

Free escape boundary

Z”Ii

|
R Ry(>»> R f . .
a i a) 50 40 30 20 10 0 10 20 30 40 50

|
s
ot
logoncr [cm_3]

—11.0

—11.5

R direction [kpc]
Corresponding result of CR distribution

Model setup



Cosmic ray transport: random walk

A drunk man will eventually find his
way home,
but a drunk bird may get lost forever.

Shizuo Kakutani

(FAEEX)

* 1D & 2D random walk is recurrent: particles can always return to the origin

* (=)3D random walk is transient: there is a nonzero probability that particles
never come back.



Cosmic ray transport: 1D VS 3D diffusion
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Particle distribution evolution with time for 1D(left) and 3D(right) diffusion(constant source).

* 1D & 2D diffusion can not get steady state,
* (=)3D diffusion can get steady state.



Cosmic ray transport: small VS giant halo
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e CR diffusion in the source region is similar to 1D, but * CRs in the halo contribute to diffuse gamma-ray and
in the giant halo is 3D, resulting a long 1/7 tail. neutrino emission at a level comparable to those in the disk.



Cosmic ray transport: numerical solution
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Cosmic ray transport: numerical solution
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Cosmic ray transport: numerical solution

. on; n; n;
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Cosmic ray transport: C and B spectra
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Cosmic ray transport: B/C ratio & halo size
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Scan parameter space with nested grid
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summary:

1. CR diffusion in the source region is similar to 1D, but in the giant halo is 3D

2. When the halo is large enough, the halo size does not affect the CR
distribution in the source region anymore.

3. Giant halo scenario can also explain the B/C ratio with reasonable diffusion
coefficients

Future Perspective:

1. Include advection & reacceleration in simulation
2. Explain unstable secondary CRs(Beryllium)

3. Calculate the diffuse gamma-ray and neutrino emission from CGM halo



Backup slides




Fitting with Galprop cross sections
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Best-fit results
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Uncertainty in cross sections can change the best-fit diffusion coefficients a little
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Cosmic ray transport: gas distribution
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Cosmic ray transport: numerical solution
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Cosmic ray transport: spallation & =" @70+ 25+

Intermediate species:
12 > 11p
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Cosmic ray abundance
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CR elemental abundance compared to
the solar system. Maggiora, Angelo, 2023

28 February 2026
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Elemental fractional origins at 1, 10 and 100 GeV/n;
primary (black); secondary(1,2,and > 2 steps in red, blue
and green), radioactive(orange). David Maurin 2019




CR spallation network

—_
o
(=)

o ©
o O

-J
-]
o9

=

D
(e}

gmwt_q>g§§'ﬂ020

=
@
3

= N
o O

=
‘V
i
Relative contribution to source term [%]
g &5 &

-

1 “\'/ A Li Be B

Fractional contribution to the secondary

e Be source term at 10 GeV/n
Evoli & Gaggero et al 2018

CR spallation network




Cosmic ray propation: injection
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Cosmic ray transport: source injection
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Cosmic ray transport: density distribution with time
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1. CRs get steady state at the source region first, then “leak” to farther distance.

2. CR distribution is shaped by the distribution of gas.




