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Outline

® Fermi haze/(Fermi bubbles) is a true signal
® “Conventional” sources for the Fermi haze

® Dark Matter explanation

® Anisotropic diffusion of CRs in the Galaxy

® Discussion on other astrophysical sources

gamma-ray data

G.Dobler
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Fermi (gamma-ray) haze il :

.. g 17—
200 % ﬂr‘_’;‘,—" -":Tﬁu

Since 2004 Finkbeiner has proposed the WMAP (microwave) haze, which suggests
the existence of a population of electrons with a spectrum harder than the SNe
accelerated electrons, of roughly spherical shape and extending out to at lest 2kpc
(~10 kpc considering Fermi data).

Such a population of hard electrons should also give an ICS signal as well. The
Fermi haze is the gamma-ray counterpart of the microwave haze.

As in the case of the WMAP haze, all-sky templates were used to model the back-
ground components.

Background~y s: decaying 7 % produced at inelastic pp collisions, ICS and
bremsstrahlung from the softer (SNe) electrons, point sources, isotropic vs.

3 different template sets were used, that all resulted in the need for an extra 7y -ray
template (the haze template) in order to fit well the entire -ray sky. The haze
template was in all cases non-disky and suggested a hard population of electrons,
similarly to the microwave haze.
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The Fermi haze template

SFD Dust Haslam 408 MHz
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2 <E <5 GeV residual 2<E<5GeV re5|dual (four templates)
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Harder
than
typical
galactic
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4 templates haze (2.0-5.0 GeV) 3 templates haze (2.0-5.0 GeV)

2.10 1.26

Fermi Bubbles (Su et al.) (Updated) Fermi haze (G. Dobler; IC, N.Weiner )
Young pulsars, are probed still pretty well by the SNe distribution.

12GeV (ICS) 23 GHz
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So clearly astrophysical sources with disk-like distributions, CAN NOT
explain the Fermi haze signal.
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What about Dark Matter?

The DM smooth halo has an approximately Spherical distribution, a
possible candidate.

DM can explain the haze signal (WMAP + Fermi) as has been shown
in arXiv:0911.4954 (IC + N. Weiner) based on solely energetic/spectral
arguments (XDM electrons with local annihilation BF ~ 100 (~50 at
the haze region)).

Numerical models of galactic propagation of cosmic rays (such as
GALPROP) assume homogeneous and isotropic diffusion.

Isotropic Spherical (E = 3 GeV) Isotropic Prolate (E = 3 GeV)
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Too spherical Better but still too peaked in the center
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Anisotropic and inhomogeneous CR diffusion

in the ISM
Propagation equation:
0y _ 9(by)
% - 9E V(DV¥)+Q (A)

1) is the CR number density at time { and position

b : energy loss coefficient (above 5GeV dominated by IC and synchro-
tron emission).

D : diffusion constant

Q . source term

Assuming Cylindrical symmetry:

P fﬁb 0 81&

—) (B)
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Anisotropic diffusion:

" 10 oY oY
V(DVY) =~ (rDer o=+ 1Drs )
0 oy (C)
T g, Py, T Prg0)

What we will assume is a strong magnetic field perpendicular to the
galactic plane in the inner part of the Galaxy.

Turbulent B-field:
Bi, = Boelfto—m)/mi—lzl/z

Ro = 8.9kpc

Ordered B-field:
Bosa = Bre™"/m2 71712 5 (14 Kemr/momlel/= )
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What remains is to relate the elements of the diffusion tensor to the
magnetic field.

—1
D < Age X 1gyr X B

Also assuming that the ordered field is along z-axis and much stronger
than the turbulent field we expect:

)\scz > )\scr

Following Parker (1965)
Vv : frequency by which CRs scatter off from their spiral orbit

(2 > v :in the central part of the Galaxy

() < v :far from the galactic center
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we have:

0, q'B:
1,V 7 ~2m2c2
DZZ X Btot( 2 R2 )
2 | q Btot
A ~ZTm2 2
setting:
q
A =
YMCV
we get:
., 1+ A°B?
D,, x B,
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Thus one can get:

Anisotropic Spherical (E = 3 GeV)
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So with annihilating DM and some assumptions on anisotropic and
inhomogeneous diffusion we CAN fit the Fermi haze.

[suun que] Alusuayul
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Galactic latitude
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Apart form getting the right morphology for the Fermi
(and WMAP) haze, and having good spectral agreement,
we also have agreement with local CRs and background

gamma-rays.
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Conclusions

The Fermi haze is a signal of a population of harder spectrum
electrons (seen before only at microwave)

“Conventional” sources for the Fermi haze seem to fail in
explaining it

DM with Anisotropic and inhomogeneous diffusion may be the
answer

Astrophysical explanations including MSPs (Malyshev, Cholis,
Gelfand Ap] 722, p.1939-1945 (2010)), or a strong AGN activity
may be in order(Guo & Mathews arXiv:1103.0055), strong
Galactic wind (Crocker&Aharonian PRL 106:101102,2011), 2nd
order Fermi acc. (Mertsch&Sarkar arXiv:1104.3585)

Need further modeling and independent measurements in order
to better understand the gamma-ray backgrounds AND work
out the signals from the possible sources
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Additional slides

Alternative way

Instead of SFD and Haslam 408MHz maps, use for the galactic back-
ground, as a template the observed gamma-ray map by Fermi at a
lower energy (1-2 GeV).
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2 GeV<E<5GeV 2 GeV <E <5 GeVresidual (1<E<2GeV)
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.25 GeV

(pi0) 408 MHz
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Su, Slatyer and Finkbeiner work

Ap] 724, 1044 (2010) (arXiv:1005.5480)

1.0 [

o
©

o
[2)

T T
T T T T T T T T

keVcm™®s™ sr'

4
0.2

0.0L

keVcm®s™ sr'

E ] =
0.2

0.0L

04= |

04= |

Fermi bubble interior template

Fermi bubble shell template

L 1 L L L L 1 L L
L L R |

----------------------------------
N O
o_

-~ -50 D
..................................
50 0 50 50 0 50
Fermi bubble north template Fermi bubble south template
——— 7 ———— 7

— 50_
0_
— _50_

PR R S T S T
L
o
©

1.0

o
o

o
)

IS | S WO A&y

|
o
i

1 o2

o
o

—_
o

o
)

|
I
i

1 qo.2

0.0

IS | S WO N8y

Thursday, June 16, 2011



One needs to be very careful for small (but significant in the inter-
pretation) caveats with using templates.

4 templates haze (2-5 GeV)
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SFD template
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X-shape that could indicate an over-subtraction in the 4-template
scheme.
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Millisecond pulsars & DM
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DM annihilating to W W ™ with a thermal relic cross-section.

Need 3x1074 MSPs in the galactic halo! (significant implications about the

evolution of the Milky way)

Ap] 722, p.1939-1945 (2010) (arXiv:1002.0587)
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Template assumptions

pi0 gammas and bremsstrahlung are produced by interactions of protons and
electrons (respectively) with the ISM.

Should be morphologically correlated to other ISM traces such as the SFD dust
map based on the 100 microns FIR data.

pi0 gamma-ray intensity scales with ISM density times the proton CR density
integrated along the line of sight. In the approximation that the proton CR density
is spatially uniform the ISM column density is a good tracer of the pi0 emission.

Similarly for spatially uniform CR electron density for the bremsstrahlung emis-
sion.

Our analysis was done in | b |> 5 thus the assumption of uniform CR is more
valid than in the case of the entire galaxy.
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First template The two haze signals

Haze template 41 GHz haze
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Probe a distribution of hard-spectrum electrons, (steady state diff.
spectrum of —=£ ~ F2
p T )

Fermi haze: inverse Compton scattering
WMAP haze: synchrotron radiation

Non-trivial morphology of the Fermi haze (template:bivariate Gaussian)

The source(s) responsible for the signal must explain both spectra
AND the non-disk-like morphology
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DM can explain the haze signal (WMAP + Fermi) as has been shown
in arXiv:0911.4954 (IC + N. Weiner) based on solely energetic/spectral
arguments (XDM electrons with local annihilation BF ~ 100 (~50 at
the haze region)).

Still DM with homogeneous and isotropic diffusion assumptions for
the cosmic rays, while significantly better than young pulsars, can’t
explain the haze morphology.
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Yusef-Zadeh & Morris (1987), Morris & Yusef-Zadeh (1989), Morris
(2007), have suggested mag. fields up to few mG in large non-thermal
radio filaments (with widths of pc and lengths ~ 50pc). Beck (2008)
suggested 0.5 mG. Those non-thermal filaments seen by VLA are
directed perpendicular to the disk plane, and are probes of the general
B-field properties, suggesting a predominantly bipolar field extending
~200pc in r (Nord et. al. (2004)).

Also arguments of CR cooling by synchrotron radiation in the inner
500pc have been used to avoid over-production of gamma-rays by ICS.
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