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Observational Tracers of the Galactic Magnetic Field (GMF) wsesin i work
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Adjustment of Model Parameters to Data

disk +  toroidal + poloidal = total
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Uncertainties: Thermal Electron Models
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Uncertainties: Model Assumptions

Examples:
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Uncertainties: Foregrounds a) Small-Scale Structures

mask Hll regions (atypical ne) deflection angle < 5°
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distinction small- and large-scale not always unambiguous, e.g. North Polar Spur or Fan Region (see A. Korochkin’s talk)
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Uncertainties: Foregrounds b) Local Bubble

examples of solenoidal bubble fields:
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— for more details check the poster by Vincent Pelgrims! (see also talk by A. Korochkin)
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Model Variations

9 variations (subset of ~200 models giving the greatest diversity of CR deflection predictions):

name variation X2 /ndf
base fiducial model 1.22
expX radial dependence of X-field 1.30
spur replace grand spiral by local spur (Orion arm) 1.23
neCL change thermal electron model (NE2001 instead of YMW16) 1.19
twistX unified halo model via twisted X-field 1.26
nebCor n.-B correlation 1.22
crel0  cosmic-ray electron vertical scale height 1.22
synCG  use COSMOGLOBE synchrotron maps 1.50
locBub local bubble (preliminary, spherical approximation) 1.17

YMW16
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Deflections at 20 EV (base model) v
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t 20 EV (backtracking)

Deflections a
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Deflections at 20 EV .
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» arrival direction

Application: Arrival Direction of “Amaterasu” Particle

—base

TA Coll., Science 382 (2023) 6673 — crel0

—nebCor
spur
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localization uncertainty: 6.6% of 47 or 2726 deg?

uncertainty of coherent deflection, random field, Galactic variance, TA energy scale, statistical uncertainty of £ (assuming Fe)

density / a.u.

(MU&G.R. Farrar ApJL 962 (2024) L5)
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Distribution of galaxies up to D=150 Mpc

¢ 2MASS galaxies * Swift-BAT AGNs @ radio galaxies

® starburst galaxies
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Distribution of galaxies up to D=150 Mpc S
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FEiow — 20, D0_1=72 MpC

2MASS galaxies  * Swift-BAT AGNs @ radio galaxies

® starburst galaxies —— Amaterasu localization
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Eiow — 10, D()_1=42 MpC

2MASS galaxies  * Swift-BAT AGNs @ radio galaxies @ starburst galaxies —— Amaterasu localization
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E|0W, D0.1=25 MpC
2MASS galaxies  * Swift-BAT AGNs @ radio galaxies @ starburst galaxies —— Amaterasu localization
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Enom, DO.1=1 0 MpC

sin(latitude)

2MASS galaxies  * Swift-BAT AGNs @ radio galaxies @ starburst galaxies —— Amaterasu localization
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Pierre Auger Coll., ApJS 264 (2023) 50
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Summary and Outlook

UF23 model ensemble: wusc s rarar aps 070 2024) o5)
e fit to newest RM, Q, U data
* major refinement of JF12 GMF components
¢ uncertainty of coherent GMF for UHECR tracking (...and other applications)
e test association of UHE arrival directions with source candidates
Availability:
® ()GitHub |link (C++)
® CRfropa link (C++)
e gammaALPs |ink (python)
Next Steps:
¢ include more data to decrease uncertainties (pulsar RMs, dust, ...)
e explore further sources of uncertainty (functional forms, foregrounds, ne, ncre)
e extend analysis to turbulent component
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https://github.com/MichaelUnger/GalacticMagneticFieldUF23
https://crpropa.github.io/CRPropa3/
https://gammaalps.readthedocs.io

