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Modeling of the Coherent Galactic Magnetic Field (GMF)
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Jansson&Farrar Global Magnetic Field Model (JF12) « i cr rurm s o 1o

three divergence-free components:
e disk field, (» < 0.4 kpc)
¢ toroidal halo field (r.caie ~ 5.3 kpc)
e “X-field” (halo)

e 21 parameters adjusted to 6605 data points
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Outline

¢ RM and Synchrotron Data
¢ Thermal Electrons

e Cosmic-Ray Electrons

e Parametric Models

¢ Preliminary Results
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Extragalactic Rotation Measures used for JF12
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Extragalactic Rotation Measures 2022
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Polarized Synchrotron' Emission
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Electron

Combined WMAP-Planck Polarized Emission ZC_\C:C\\\C{\
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Combined WMAP-Planck Polarized Emission ’B'AC\CF\C\

&)
AN

WY
&



~ Outline

NGCSZ'ax M. Krause

e RM and Synchrotron Data

e Thermal Electrons

8/21



Thermal Electron Models

NE2001
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Thermal Electron Halo

reasonably well-constrained from DMs of pulsars in globular clusters

YMW16
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Cosmic-Ray Electron Model
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https://github.com/cosmicrays/DRAGON

Cosmic-Ray Electron Model

® Dy/H = const from B/C

¢ halo half-height H currently not
well constrained weinrien 2o, voliv20, vaurins22

— large uncertainty in vertical n, profile!
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MU&Farrar UHECR18, arXiv:1901.04720

GMF Model Improvements — Disk Field

JF12: Brown+07 “wedge”-model:
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e divergence-free Fourier-expansion of B4(r) at reference radius
e avoids sharp radial discontinuities of JF12
e free pitch angle and “magnetic arms” (number of Fourier modes)

13/21



GMF Model Improvements — X-Field

JF12 X-field Ferriere&Terral14 “Model C” (FTC)
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e JF12: discontinuities at = = 0 and transition to 6x = 49°
e smooth FTC X-field model, but 6x = f(r, 2)
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GMF Model Improvements — Halo Field
¢ evolve X-field via ideal induction equation 9,B = V x (v,o; x B)
¢ radial and vertical shear of Galactic rotation generates toroidal field

— no separate X- and torodial halo needed!

MU&Farrar UHECR18, arXiv:1901.04720
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MU&Farrar UHECR18, arXiv:1901.04720

“Twisted X-field”
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Aim: GMF Model Variations Using Newest Data

e 2+1 GMF models:

variation JF22 UF22a UF22b
component
disk Brown07 spiral  Fourier spiral  Fourier spiral
toroidal halo JF12 JF12 twisted X
poloidal halo JF12 FT14

e 2 thermal electron models: NE2001, YMW16
® 4 CR electron models: (diffusion height H = 4, 6,8, 10 kpc)

— 1 (best-fit) “fiducial” model
— 23 variations to estimate uncertainties (lower limit)
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. JF12 JF22
Refit of JF12 RM dafa 2011 2022
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Deflections: JF12 vs JF22a
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Summary and Outlook

Major Overhaul of JF12

* new RM data i . T e
* new synchrotron sky maps o ' -
X ° .
e improved auxillary models (n. and n.) R
* smooth disk-field e

® unified halo model
Model Variations — Uncertainties:
e parametric model choices
®* n.. and n, models .

QOO0 oo o0 oo ',
Next up: Qo02sill. » &

JF12 coherent defeflections

¢ random field, n. — B correlations, foregrounds: local bubble, spurs,...
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