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Fermi Bubbles substructure (?)
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Fermi Bubbles substructure (?)

Templates developed 50 0 50
for Fermi ~GeV y-ray

analysis
Su and Finkbeiner 2012
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Ser dSph and Fermi Bubbles “Cocoon’

Fermi Bubbles template defined by the Fermi Collaboration
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Ser dSph and Fermi Bubbles “Cocoon’
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Detection significance

Template choices Results
Hadr. / Bremss. IC FB  SgrdSph —log(LBase) —10g(LBase+ser) TSsource  Significance
Default model
HD 3D S Model I 866680.6 866633.0 95.2 8.1c
Alternative background templates
HD 2DA S Model I 866847.1 866810.9 72.3 690
HD 2DB S Model I 867234.9 867192.1 85.8 7.8 0
HD 2DC S Model I 866909.4 866868.5 81.7 740
Interpolated 3D S Model 1 867595.4 867567.4 56.0 580
GALPROP 3D S Model I 866690.5 866640.8 99.5 830
Flat FB template
HD 3D U Model 1 867271.7 867060.1 423.2 19.1c
HD 2DA U Model 1 867284.2 867122.9 322.5 16.50
HD 2DB U Model 1 867624.3 867464.0 320.7 164 0
HD 2DC U Model 1 867322.7 867158.2 329.0 16.6 ¢
Interpolated 3D U Model 1 867287.4 867081.2 412.4 1890
GALPROP 3D U Model 1 868214.6 868040.9 347.6 172 ¢
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Detection significance

Template choices Results
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What is the signal?

* No gas (lost to tidal and ram pressure stripping)
# Star formation ceased 2-3 Gyr ago

+ =Not hadronic emission (no CR hadrons from SE no
target hadrons)
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T'he Galactic Plane as seen by Fermi

Figure 1: Ferm:-LAT all sky image in Galactic co-ordinates. Credit: NASA /DoE.



What is the signal?

* No gas (lost to tidal and ram pressure stripping)

# Star formation ceased 2-3 Gyr ago

+ =>Not hadronic emission (no CR hadrons from SF, no
target hadrons

« Signal traces stars (proviso: see below)

+ =>Not dark matter
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What is the signal?

+ Millisecond pulsars (MSPs)?
+ Pros:

« MSPs generate ~GeV y-ray signals amongst old stellar
populations (e.g., globular clusters, ‘GCE’, M31...)

* Signal expected to trace stars
+ Cons:

« At first sight, spectrum is wrong for MSPs

24



Spectrum

Fermi Bubbles - Sgr dSph ]




What is the signal?

+ Millisecond pulsars (MSPs)?
+ Pros:

« MSPs generate ~GeV y-ray signals amongst old stellar
populations (e.g., globular clusters, ‘GCE’, M31...)

* Signal expected to trace stars
+ Cons:
« At first sight, spectrum is wrong for MSPs

« y-ray luminosity per stellar mass is much higher than for some
other putatively MSP-dominated systems
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v-ray luminosity normalised to stellar mass
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What is the signal?

# Unusual ISM conditions in Sgr dSph:
“ NO gas
* = no way to anchor magnetic field lines
“ => UIsRrF (= UcMB) » UB

# = CR et released into ISM can only radiate via
Inverse Compton (negligible synchrotron in
contrast to “usual’ situation for MSP pairs)
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What is the signal?

* Physics of curvature radiation:
* ~few GeV peak in SED of curvature radiation
+ = ~few TeV CR et

+ = ~few TeV CR et’s do ~100 GeV IC off CMB as
required

* Can also self consistently relate the spectrum of the
putative magnetospheric curvature radiation and the
spectrum of the IC from the pairs released into the ISM

29



Spectrum: interpretation
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Spectrum: interpretation
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Spectrum: interpretation
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Spectrum: interpretation
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Spectrum: interpretation
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Spectrum: interpretation
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Spectrum: interpretation
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Spectrum: interpretation

* Qverall spectrum consistent with same population of
CR e* radiating in MSP magnetospheres

# ...then leaking into ISM
# ...then cooling/radiating via IC off CMB

S7



Spectrum: interpretation
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(Slight) displacement of signal

Translation of the Sgr dSph template
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Implications



y-ray luminosity normalised to stellar mass
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y-ray luminosity normalised to stellar mass
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y-ray luminosity normalised to stellar mass
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y-ray luminosity normalised to stellar mass
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= The Sgr dSph is brighter than other systems because its stars are younger




y-ray luminosity normalised to stellar mass
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y-ray luminosity normalised to stellar mass
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Winter+(2016)
Predicted DM flux
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Implications

o Largely removes any residual motivation for the idea that Fermi
Bubbles sub-structure be interpreted as y-ray jets launched from
the Galactic nucleus.

- WRT searches for the signatures of DM annihilation: astrophysical
backgrounds in dwarf spheroidal galaxies can be stronger than

previously appreciated. In general, a salutary example of how
MSPs are a problem for indirect WIMP detection (cf. GCE).

o Our study lends support to the argument that MSPs contribute
significantly to the energy budget of CR e* in galaxies with low
specific star-formation rates.
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Take-away messages

* We have detected ~1-100 GeV y-ray emission from
the Sagittarius dwarf spheroidal, the third-most
massive satellite of the Milky Way (after LMC and
SMC)

* The signal seems to be explained by millisecond
pulsars belonging to the dwarf

* This discovery casts new light on MSPs as sources of
non-thermal radiation and particles
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