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three (divergence-free!) components:

» disk field, (h < 0.4 kpc)
toroidal halo field (hy .. ~ 5.3 kpc)
“X-field” (halo) ===

regular field?: 21 parameters
random field?: 13 parameters
striation: 1 parameter

CR electron norm.: 1 parameter
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JF12 CAPTURES MAIN FEATURES

but many improvements are needed (UF|9!)
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Data in blank region has finally been released; well predicted by JF12
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@ Functional Form of B @

(divergence-free)
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TODAY’S TALK

(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 By's:

e Better fit, fewer parameters...
e Must fix discontinuity at molec. ring

Smoother poloidal fields with more
general parameterization

o Still not flexible-enough form.

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

Allow for warp and flare of disk
[small effect]

UF19: more refined form:
twisted-poloidal structure
confirmed
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UF19 random field modeling

observed synchrotron intensity along one line of sight in direction n:

[ =1  +N" / k(ru) (b(ru)%1 + BL(ru)%> dr
Jo

ranc pol

(random field b, projected coherent and striated field B, = u x (B x u), polarization
fractionl = (p+1)/(p + %); cosmic-ray electron energy spectrum nee = k E~P)

Objective: Determine b from /[,

UF19 JF12 comment
Jiot 408 MHz 22 GHz contamination by AME at > 10 GHz
ool data model loops & Perseus emission not modelec
Nere n(x,y,z,E,b,B) ar(r,h)E~2 no self-consistent electron cooling
foreground | SNR, ff(H., RRL) ff(He ) H. dust-attenuated at low b
integrator Rual HAMMURABI Hammurabi bug corrected

ff: free-free emission, RRL: radio recombination lines, fo (JF12): WMAPbase, fo(UF19): Haslam, <(r, h) from
GALPROP “71Xvarh7S”
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Synchrotron Emission Products (Planck and WMAP)
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Synchrotron Emission

Component Separation:
WMAPbase9yr Planck
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Planck vs. Haslam

Haslam Planck Haslam / Planck
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destriped and mono/dipole subtracted Haslam from Remazeilles+14




Cosmic-Ray Electrons

» origin:
» primary e~ : acceleration in supernova rern
» secondary €*: p + Py
» primary e*: pulsar wind nebulae

» data: cosmic-ray electron spectra at Earth, B/C, Be
» diffusion and cooling in Galactic magnetic field

D & box height are degenerate
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Planck’s CR electron Models: differ in 3D <

1.1 GeV 1.1 TeV

<
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T. Jaffe, private communication

M. Werner et al, Astropart.Phys. 64 (2015) 18



Improved Cosmic-Ray Electron Modeling (UF in prep.)

Haslam  WNAP fit DRAGON simulations to e* data
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Deriving Byang from /

rand /free free coh

102
10

» fitted model prediction /(Bang) (using specific nee model)

» free-free from H, data (de-attenuated and scattering-corrected, Bennet+15)
> /coh = 1/” X (0.408/22.5)BS x Pl (P1 from WMAP, polarization fraction 1 ~ 0.7)

(440 MHz) / K




Deriving Biang from [/ (preliminary)

Haslam intensity
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GMF UNCERTAINTY < UHECR DEFLECTIONS

| PROCEEDINGS
J?OS OF SCIENCE

Uncertainties in UHECR deflections
from uncertainties in |F 12 coherent field model|,
from uncertainties in input (lrand, Ne, Nere) and parameterization &
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UNCERTAINTY IN DIPOLE ANISOTROPY
FROM COHERENT GMF UNCERTAINTY?

Extragalactic illumination:™
» peaks ~Virgo at hi E/Z,
SRS dipele atllow EZ
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*Globus et al ... , DingGlobusFarrar in pre|p720I9 (Ding, Tues GRISHECS)



N.b.: Random Field Deflections are VERY important
Lcoh = 100 pc Lecoh = 30 pc
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PROGRESS MODELING THE GMF
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physical, flexible, divergence-free

Toroidal ﬂld from
differential rotation
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