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Problem Statement:

* Large inhomogeneities are observed in the spatial distribution of matter and
the magnetic field of the Galaxy.

* There is no generally accepted interpretation of the cutoff around
4 - 10> eV (big knee).

* Recent numerical experiments indicate significant anisotropy of the diffusion
tensor and a strong dependency of its components on the magnitude of the
large-scale Galactic magnetic field.

* Recent comprehensive studies, including full-sky Faraday rotation measures
of extragalactic sources and polarized synchrotron intensity, along with
investigations into changes in the CR leakage mechanism from the Galaxy,
support the use of an anisotropic diffusion model to describe CR’s
propagation.
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Viodel. Diffusion equation:

V(DVf) = S(R,z)

Galactic halo

Dxx ny sz Tn
Here, D =|Dyx Dy, D,, |
Dix Dzy D/ iR °

Galactic disk
V — Del operator, S(R,z) — K
Source Distribution Function; > A

Model parameters:
h =300 pc, a = 17 kpc — major semi-axis, OA = 9 kpc — Galactic
halo height.
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Partial differential equations:

Dy (1) 5~

axl dx; point 7 = (x4, x5, X3).

* Expansion of all derivatives to simple terms:

0Dy () of (7) 0°f (¥)
dx;  0x; v Dy )6x16xj

* Recursive replacement:
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f(T') S (7”) here S (x;) - concentration of sources at a
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Results. GCR concentrations:
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Directed flows of CR outflow from the disk into
the Galactic halo
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Energy spectrum of protons:

F;(Y1, V2, No, Eo, E) =

7 Y1—v2

Y S S
E\"2 (E\ 2 (Eo/E)Z +(E/Eg)Z| °
Mo (£) 7 () |etereermr]
0 0

Source spectrum

T S L S TS LIS U T
E, Tev

107

104,

10°

Energy spectrum of cosmic ray protons

T
1
T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
i
—— Numerical experiment, y; =-2.65, y> =-3.34
----- With cutoff at 3 PeV, y1 =-2.69, y; =-4.89
§ ATICO2
4 CREAM-I
¥ GAMMA, SIBYLL
¢ lceCube+IceTop, SIBYLL2.1
¢ KASCADE, QGSJet01
KASCADE-Grande, QGSjet-I1-2
¥ NUCLEON
¢ RUNJOB :
103 10 10° 10° 107 10° 10°
E, GeV
Results 7/15



N - E2'75, m—ZSr—ls—lGevl.75

10°

|—I
o
S

[
o
W

Energy spectrum of all elements

——

<o | ] ]

+ He

+ Intermediate
+ Heavy

all elements
GAMMA
NUCLEON-IC
RUNJOB
TUNKA-133 Array
Auger
IceTop
HAWC

104

106
E, GeV

107

108

Results

8/15



0.7

0.6

0.5

Ary

0.4

0.0

(b) Radius, kpc
75 10.0

12.5

15.0 17.5

I
z dependence

Radius dependence

4

03

0.2

z, kpc

N-E2% m—2sr-1ls71Gevl®

10721

107°;

Inner Galaxy: 15" <1< 125, |b| < 5°
T T
—— yfrom CR
§  LHAASO-KM2A
f FERMI-LAT
H-*L-_____H
]
\
"'i‘oz B H”:Il.loa - -'-'-1'04 B H”:Il.IOs B ""1'06
E, GeV
Results 9/15



Conclusions:

1. A mathematical model was developed to describe the anisotropic transport of
cosmic rays (CRs) with a general tensor form, and a software package was
designed to simulate the CR proton concentrations throughout the galaxy;

2. This model describes the modulation effect on the energy spectrum of CR all-
particle spectrum, with the break position aligning well with experimental
data;

3. The characteristics of the break vary significantly depending on the spatial
position within the galaxy, which is consistent with the latest experimental
findings and underscores the significant influence of CR transport in
interpreting experimental data.
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Backup: GCR concentrations:
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We hypothesize that the mechanism of CRP leakage from the galactic disk into the halo is

intricately linked to the anisotropic diffusion characteristics of CRPs and their complex
energy-dependent behavior.
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Inner Galaxy: 15°</<125°, |b|<5° Outer Galaxy: 125°</<235°, |b|<5°
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Magnetic field model:

MICHAEL UNGER & GLENNYS R. FARRAR. 2024
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m=1

By = (sina,cosa,0) — B(ro, 00) ha(z) ga(r).

r

Where,

hy = ¢ —In(r/ry)/ tga.

The magnetic field in a cylindrical coordinate
system at a point (7,¢,z) is given by the
expression:
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Energy dependence of the ratio of the diffusion
tensor components:
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