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35-parameter GMF model  
Jansson-Farrar 2012

JF12 used:  
40k RMs (mostly 

NVSS)  
WMAP Q,U,I 

NE2001 ne 
ncre GALPROP  



Data in blank region has finally been released; well predicted by JF12

JF12 CAPTURES MAIN FEATURES
but many improvements are needed (UF19!)  
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S-PASS/ATCA Schnitzeler+19



UNGER-FARRAR 2019?

Functional Form of B
(divergence-free)

+
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TODAY’S  TALK

Functional Form of B
(divergence-free)

+

• Progress on modeling functional form of B
• Random field   [& coherence length]
• Impact of coherent GMF on UHECR dipole anisotropy
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Functional form of disk and halo fields
• Fourier spiral: fit pitch angle and 

arm spacing as well as Bi’s: 

• Better fit, fewer parameters… 

• Must fix discontinuity at molec. ring 

• Smoother poloidal fields with more 
general parameterization 
• Still not flexible-enough form. 

• Allow for flux transfer between disk 
and halo [none found] 

• Allow for warp and flare of disk 
[small effect]
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UF19:  more refined form; 
twisted-poloidal structure 

confirmed  6



TOROIDAL HALO FROM DIFFERENTIAL ROTATION

UF arXiv:1901.04720 7

excellent fit 
more physical
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D & box height are degenerate
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Planck’s CR electron Models: differ in 3D
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Analogous comparison JF12
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Uncertainties in UHECR deflections 
from uncertainties in JF12 coherent field model, 
from uncertainties in input (Irand, ne, ncre) and parameterization

Unger-Farrar  astro-ph 1707.02339

GMF UNCERTAINTY ↔ UHECR DEFLECTIONS 



UNCERTAINTY IN DIPOLE ANISOTROPY
FROM COHERENT GMF UNCERTAINTY?
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Extragalactic illumination:*
• peaks ~ Virgo at hi E/Z,  
• ~2MRS dipole at low E/Z

 

*Globus et al … , DingGlobusFarrar in prep2019  (Ding, Tues CRI 11d )

Rigidity distribution, dataset > 8 EeV

peaks at 2,8 EV
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N.b.:  Random Field Deflections are VERY important

Lcoh = 100 pc Lcoh = 30 pc

Farrar-Sutherland 2017; JCAP 2019 



PROGRESS MODELING THE GMF
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Functional Form of B
physical, flexible, divergence-free

+

M. Unger
G. Farrar 

3 models of ncre

Brand,JF12

Brand,UF19 (prelim)Improved determination
of synchrotron emission

Toroidal field from
differential rotation

Fourier spiral


