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Figure 3. Left panel: the random field in the disk. Right panel: the disk component of the JF12 coherent field model for comparison; it is clockwise in rings 3–6 and
counterclockwise in 1, 2, 7, and 8.

(A color version of this figure is available in the online journal.)

Table 1
Best-fit Parameters of the Random Field, with 1σ Intervals

Field Best-fit Parameters Description

Disk b1 = 10.81 ± 2.33 μG Field strengths at r = 5 kpc
component b2 = 6.96 ± 1.58 μG

b3 = 9.59 ± 1.10 μG
b4 = 6.96 ± 0.87 μG
b5 = 1.96 ± 1.32 μG
b6 = 16.34 ± 2.53 μG
b7 = 37.29 ± 2.39 μG
b8 = 10.35 ± 4.43 μG
bint = 7.63 ± 1.39 μG Field strength at r < 5 kpc
zdisk

0 = 0.61 ± 0.04 kpc Gaussian scale height of disk

Halo B0 = 4.68 ± 1.39 μG Field strength
component r0 = 10.97 ± 3.80 kpc Exponential scale length

z0 = 2.84 ± 1.30 kpc Gaussian scale height

Striation β = 1.36 ± 0.36 Striated field B2
stri ≡ βB2

reg

left panel of the second row, where the total intensity is shown
in a logarithmic scale.

The 13-parameter form of the GRF adopted here proves to be
sufficiently general to give a very good accounting of the data.
In combination with the JF12 coherent field and the striated
random field, it provides an excellent fit to the total intensity,
I, with a reduced χ2 (χ2 per degree of freedom, χ2

dof) after the
second optimization of 1.064 with 2957 degrees of freedom.
(One should not attach too much significance to the exact value
of χ2

dof for the GRF model, since it depends on the arbitrary cut
used to remove pixels with large “individualistic” contributions;
as evident from the map of residuals in Figure 1, additional pixels
could be placed in this category which would decrease χ2

dof .) As
noted, the fit to I breaks the degeneracy between rescaling ncre
and the presence of a striated random field.

The left panel of Figure 3 shows the disk component of the
random field, with the magnitude of the coherent disk field from
JF12 in the right panel for comparison. The average rms strength
of the disk component of the random field at the solar circle is
6.6 μG, but it varies strongly from arm to arm. The spiral-arm
model itself should not be taken too literally—it is presumably
no more than a simplified encoding of some important features
of the structure.

Due to the large value of the random and striated fields com-
pared to the coherent field, we cannot predict the value of the

field at a particular position since the fluctuations dominate
the mean value. Nonetheless, we should check whether the pre-
dicted range of values for the total field in the solar neighborhood
is consistent with observations—keeping in mind that the rms
component has O(1) variance locally, so the actual local field
at any particular position can be expected to differ significantly
from the result of combining the local coherent, striated, and
random components in quadrature. The estimate is additionally
uncertain due to our position near the boundary between the
4th and 5th arms, since the simple arm geometry assumed in
the present models is only expected to be valid in some average
sense and may be locally modified, and the parameters spec-
ifying the geometry of the arms in JF12 were taken from the
NE2001 model of ne rather than being free parameters of the
GMF model. With those caveats, the vertical component of
the local coherent field is 0.2 μG and the horizontal component
is 0.5–1.2 μG in the 4th and 5th arms. Combining the coherent,
striated, and random components in quadrature gives an estimate
of the magnitude of the local field of 3–5 μG, with the range
reflecting the values obtained for the 5th and 4th arms. Given the
O(1) variance from the random field, this estimated local GMF
value is consistent with the 6 μG value commonly cited (Beck
2008). The more recent studies of Taylor et al. (2009) and Mao
et al. (2010) are complementary, with the former having larger
sky coverage and the latter a higher density of well-measured
extragalactic sources but restricted to the polar caps. Our results
are consistent with both, within the observational uncertainties
and predicted fluctuations. For instance, Mao et al. (2010) find
that the local random field is larger than the local coherent field,
as we do, and estimate the halo random field above the solar
system based on the variance in RMs in the polar caps to be
≈1 μG in some average sense, consistent with our fit which de-
creases slowly from ≈2 μG in the Galactic plane, and is 1 μG
about 3 kpc above the plane.

5. SUMMARY

We have presented here a 13-parameter model of the random
component of the GMF, to complete our characterization of
the GMF. Taken together, our comprehensive GMF model fit
utilizes 36 parameters, including the 21-parameter JF12 model
for the coherent field, the strength of a striated random field
proportional to and aligned with the local coherent field, and
an overall rescaling of the GALPROP cosmic-ray electron
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model WMAP synchrotron intensity

R. Jansson & G.F. Farrar, ApJ 761 (2012) L11



Synchrotron Emission Products (Planck and WMAP)
WMAPbase9yr Planck



Synchrotron Emission
Component Separation:

WMAPbase9yr Planck

Planck vs. Haslam

destriped and mono/dipole subtracted Haslam from Remazeilles+14



Cosmic-Ray Electrons

https://physics.aps.org/articles/v6/40



Cosmic-Ray Electrons
I origin:

I primary e−: acceleration in supernova remnants
I secondary e±: p + pISM
I primary e±: pulsar wind nebulae

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

Y. Genolini et al, A&A. 580 (2015) A9
Yuana+2017



Diffusion Coefficient from B/C
CR-grammage X (“target thickness”) from secondary nuclei, e.g.
C + pISM → B + X

(B/C) ∼ (1− e−X/λprod)e−X/λB

e−X/λprod
.

Yuana+2017

X ∝ ρ
hH
D
, D ∝ (E/Z )δ

δ = 1
3 for Kolmogorov turbulence
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BImpact of new measurements (from left to right)

Desired precision

Error combination on fabc

Corr. (all)
Uncorr. frag + corr. proj (all)
Uncorr. (all)

Reinert+2017, Génolini+2018

new measurements underway with NA61/SHINE at SPS/CERN



Cosmic-Ray Electron Models

1.1 GeV 1.1 TeV

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

H = 4 kpc

H = 10 kpc

T. Jaffe, private communication



Improved Cosmic-Ray Electron Modeling (UF in prep.)
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Haslam WMAP fit DRAGON simulations to e± data
• 3D ISRF energy density Porter+17

• 3D CR source distribution
• 3D GMF

PD1 DR PD2
reference Cummings+16 Orlando+18 DiBernardo+13

diffusion type constant [−hz , hz ] constant [−hz , hz ] ∝ exp(z/hz )
η/δ1/δ2/Rbr[GV] 1/-0.641/0.578/4.84 1/0.327/0.323/4.0 -0.40/0.57/–/–

D0(10 GV) [1028 cm2/s] 5.52 9.33 4.45
hz [kpc] 4 4 4

RD = D0/hz [1028 cm2/s/kpc] 1.38 2.33 1.11
vA [km/s] – 8.9 –



Deriving Brand from I

I(Brand) + Ifree-free + Icoh

=

I fitted model prediction I(Brand) (using specific ncre model)
I free-free from Hα data (de-attenuated and scattering-corrected, Bennet+15)

I Icoh = 1/Π × (0.408/22.5)βS× PI (PI from WMAP, polarization fraction Π ∼ 0.7)



Deriving Brand from I (preliminary)
Haslam intensity

model



Outlook: RM Fluctuations

Sensitivity to coherence length?
data JF12, lcoh = 10 pc

RM, lmax = 100 pc
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data JF12, lcoh = 100 pc

RM, lmax = 1000 pc
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Outlook: RM Fluctuations

ne fluctuations?
– 14 –

Fig. 5.— WHAM estimation for electron density overplotted on the figure of the Big Power Law in the sky

figure from Armstrong et al. (1995). The range of statistical errors is marked with the gray color.Chepurnov+2010, Armstrong+1995

ne − B correlation?

Thermal Electrons, B and b
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Summary


