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Galactic magnetic field



ictic Magnetic Field and CR propagation, March 21, 2025

Present-day spirals host large-scale coherent magnetic fields with a typical strength of a few
UG (Fletcher et al. 2016,Beck et al. 2019)

Lopez-Rodriguez et al. -incl Ntormousi 2023

The first estimates for redshifts z>1 yield fields of the order of uG already at these epochs!
(Bernet et al. 2008, Mao et al. 2017,Geach et al. 2023,Chen et al.2024)
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Subtle differences in the

model evolution:

Model R is slightly larger in the

radial direction

Model R’s magnetic field is
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ROTATION MEASURE

extragalactic RM

60000 extragalactic objects
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Thermal electrons model
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Thermal electrons model
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a: Half-height hp of the cosmic-ray diffusion volume. b: Correlation coefficient k¥ between the magnetic field and

thermal electron density.

From M.Under and G.Farrar 2311.12120
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Anti-symmetric RM sky: halo B fields = A0 dynamc
(Han etal. 1997, A&A322, 98)

Evidence for global scale B

e High anti-symmetry to the
Galactic coordinates

e Only in inner Galaxy

« nearby pulsars show it at
higher latitudes

Implications
o Consistent with B-field

configuration of AO dynamo

« The first dynamo mode identified
on galactic scales

e

.........
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Magnetic fields in the first quadrant of the Galactic disk

* In FAST pulsar database Ofﬁx e
(Wang et al. 2022) we R
determined RMs for 311
pulsars for the first time

)
w

 Large number of RMs in
(26°<1<90°) increased by a
factor of two compared to
the previous work.

Distance from the Sun: Y (kpc)

-10

» Explore the fields in farther
arms up to 15 kpc

Without FAST, ]
it is very difficult to explore magnetic 20 o Y. AN
fields in such wide areas " mTANENY AN

" (Xu et al. 2022, doi40:100%/11433-022-2033-2 )

From JL Han’s talk Dec 2024
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Pshirkov, Tinyakov, Kronberg and Newton-McGee

model 2011
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ROTATION MEASURE

extragalactic RM

60000 extragalactic objects

D '....;05.. . T

.100 rad/m# 100

N ne(s) || Byls) | |ds B
RM = 0.812 .’:Icm—3lllﬂ'ﬁﬁ [p_:l rad/m?,
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Remove foreground regions

Leg

- - m

556°8%88
RM/(rad/n?)

g’

a: Sky map of extragalactic rotation measures (44857 RMs averaged
over Nsqde = 32 HEALPIX pixels). The color scale is saturated at

|[RM| > 150rad/m?)

M.Under and G.Farrar 2311.12120

EM/(pc/cm®)
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Model RM

binning scheme

¥2./ndf

2
var

X

0.51
0.68
0.72
0.61

145
238
251

x’/ndf  ndf

XZ

283
348
348

1.92
1.11

544
385

LA
(AT

482 1.38
1.36

RM
Q
U

total

1037 | 634

1411

EEEERERRERERRN

INERERNNEENEN/,

PLEEVVAN

I

NN,

(1113

1117

[ 111
[T 1]

[T T

/AN NNENENE

AN ENNEEEN
|

[

|

AV

NAAMAT VLT

VAL

Sjunod

o
[te]
° ) o m
) oo i)
< B 5]
1 IS = o
o o
[}
e o i
-
7 =
o
= 0 [=]
= <
=4 i ~
28
-
o
o~
—
o
o
— °
o O O O OO0 O O O OO O O O O
T ~ N T T N N 9 N N T
(. (. [
ZW/pel ‘Y LW/pel ‘iny LW/pel ‘Y
A o
B | | R
-l
o
IS %
Yo }
b= |
> '
= < [Ts)
< O 1 m
e | ¢
PRl e rlsen] £
el e Lo s ee 3 Iokes . B il
e “Tlo ®
J) ¥ s
4
0y n
o©° ™
: nH bl
n (o]
M=%

wn < H

0 o ©

(1] ]

o 31b 5
~
|

o n o n o
O < m —



Id and CR propagation, March 21, 2025

Synchrotron radiation
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Jansson-Farrar 2012 model

Q@

Jansson and Farrar, 1204.3662
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Jansson-Farrar 2012 model
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But striated field needed to fit model
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observation JF12 our model

Beck et al, 1409.5120



Dynamical halo model
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M.Under and G.Farrar 2311.12120
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New model 2024
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and P.Tinyakov, 2407.02148
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Local Bubble

Local hot bubble

GSH238400+09
Monogem R

Loopiuasng
- .

Ori-Eri SB

0.200

0.175

3D model of the solar neighbourhood. The colour bar represents the temperature of the LHB as coloured on the LHB surface. The
direction of the Galactic Centre (GC) and Galactic North (N) is shown in the bottom right. The link to the interactive version can be
found at the bottom of the page.

[less]

© Michael Yeung / MPE
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Local Bubble solved discrepansy
between RM and synchrotron

—— Our model: Local Bubble + Halo -== QOur model: Halo
121 — uF23:Hao UF23: Halo
zero striation
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galactic latitude |b|, deg

A.Korochkin, D.S. and P.Tinyakov, 2407.02148
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FAN REGION
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For the first time self-consistent in this region: electrons
are in same GMF model of arms with DRAGON code

A.Korochkin, D.S. and P.Tinyakov, 2407.02148
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UHECR propagation



and CR propagation, March 21, 2025

UHECR R=20 EV
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Auger spectrum and composition
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UHECR R=10 EV

R=10 EV
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UHECR R=5 EV
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UHECR deflections R=10 EV

median values
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.._ield and CR propagation, March 21, 2025

GMF UHECR deflection
model-variartition

A. Korochkin, D.S. and P.Tinyakov 2501.16158
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Amaterasu particle E=220 EeV for
Fe or R=8 EV
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LHAASO sources
and GMF
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1 PeV CR density in the Gal. plane
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Reqgular and turbulent diffusion

D(E) [em?/s]

E [eV]

Giacinti et al, 1710.08205
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Anisotropic sources from

anisotropic propagation in GMF

[ I I

0 2 46 81012141618 20

PeV cosmic rays
Gamma-rays from PeV CR

G.Giacinti, M.Kachelriss and D.S. 1306.3209
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Anisotropic CR propagation:
mirage sources

Yiwei Bao, Gwenael Giacinti, Ruo-Yu Liu, Hai-Ming Zhang, and Yang Chen
2407.02478 and 2407.02829
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Difficult to observe In disk

Local hot bubble

GSH238+00+09
Monogem R

1.<m§‘aégsm N
» '

Ori-Eri SB

0.200

0.175

3D model of the solar neighbourhood. The colour bar represents the temperature of the LHB as coloured on the LHB surface. The
direction of the Galactic Centre (GC) and Galactic North (N) is shown in the bottom right. The link to the interactive version can be
found at the bottom of the page.

[less]

© Michael Yeung / MPE
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V4641 Sgr HAWC
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above 25 TeV
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V4641 Sgr model
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Andrii Neronov, Foteini Oikonomou and D.S.,
arXiv: 2410.17608



https://inspirehep.net/authors/995860
https://inspirehep.net/authors/1356907
https://arxiv.org/abs/2410.17608

KM2A (E > 25 TeV) Significance Map
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MSP J0218+4232
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Zhe Lee’s talk tomorrow for details
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Summary

Large scale structure of GMF constraint by rotation
measures and synchrotron data, but uncertain due to
systematics in electron models

GMF model is updated, but need more work on
electron models and field in the disk

UHECR deflections are strongly GMF-dependent

LHAASO sources will give us independent information
of GMF
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