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THE FERMI BUBBLES
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Gamma-ray has – dark matter?
• Microwave haze

Finkbeiner, ApJ 614 (2004)

• Gamma-ray haze

Planck Collaboration A&A 554 (2013)

Dobler et al, ApJ 717 (2010)
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Gamma-ray haze -> Fermi bubbles
• Su, Slatyer, Finkbeiner, May 2010
– narrow edges
– stretch up to 55o above and below
the Galactic center
– E-2 spectrum up to 100 GeV

Su, Slatyer, Finkbeiner, ApJ 724 (2010)
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Gamma-ray spectrum
Leptonic model
ICS, b = 30.5 deg (z = 5 kpc)
ICS on CMB
Fermi bubbles

Hadronic model + secondary IC

Fermi bubbles

Ackermann et al (Fermi LAT), ApJ 793 (2014)

• Cutoff or softening above ~ 100 GeV
• Both leptonic and hadrnoic models fit the spectrum
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Fermi bubbles origin
• Origin
– AGN-like activity

Star formation or star-burst

Chandra

VLA

Cen A

ESO

• Emission mechanisms
– Leptonic (inverse Compton)
– Hadronic
pCR
Gas

e+hνISRF

e+γIC

γ

π0
γ
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Leptonic scenario puzzle
• High energy electrons vs expansion velocity
– 1 TeV electrons => age < 1 Myr
– 10 kpc size => expansion velocity
~ 10,000 km/s
• This is larger than the speed of
sound and the observed velocities!

Ackermann et al, ApJ 793 (2014)

Bordoloi et al.,
ApJ 834 (2017)

– Reacceleration of electrons inside the Fermi bubbles?
• Mertsch & Sarkar PRL 107 (2011)
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Hadronic scenario puzzle
• Low gas density at high altitudes => large CR density
– Need ~109 years with standard SF rate (Aharonian & Crocker, PRL,
106, 2011)

• How the CR proton are collected and kept inside the Fermi
bubbles?
• Large CR pressure => low gas density
– No cavity in gas is observed

Proton CR spectrum

Fermi bubbles
PAMELA
ATIC-2
CREAM

CR energy density

Gas density

Rigidity (GV)

Ackermann et al, ApJ 793 (2014)
Pfrommer et al, ApJL 847
(2017)

• FBs from star formation near the GC, magnetic draping to keep
9
the CRp inside (Crocker+, ApJ, 808, 2015)

Neutrino observations at high latitude
• Detection of the FBs in neutrinos can resolve the question of
hadronic vs leptonic origin of the gamma-ray emission
ANTARES

IceCube

Lunardini et al PRD 92 (2015)

Hallmann et al
JPhys. Conf. Ser. 888 (2017)

Aartsen et al ApJ 886 (2019)

Unfortunately the spectrum of the
bubbles has softening > 100 GeV
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Fang et al PRD 96 (2017)
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GAMMA-RAY EMISSION
AT THE BASE OF THE FERMI BUBBLES
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Look at the base of the Fermi bubbles
• A study of the gamma-ray emission at the base of the Fermi
bubbles can help to understand their origin
– Are the Fermi bubbles connected to the supermassive
black hole?
• Problem: large and uncertain Galactic gamma-ray emission
Fermi LAT data above 1 GeV
• Uncertainties in
– Gas distribution
– ISRF near the GC
– CR sources
• Examples of
π0 + bremsstrahlung
Inverse Compton
π0 and bremsstrahlung
and IC models
derived with
GALPROP:
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Fermi bubbles near the GC
Fermi LAT Pass 7
diffuse model

Fermi LAT inner
Galaxy paper 1

SkyFACT

Fermi bubbles

Residual 1.6 – 10 GeV

Residual significance in
a model without FB
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Ajello et al (Fermi LAT)
ApJ 819 (2016)
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Storm et al
JCAP 08 (2017) 022

• Intensity is higher near the Galactic plane
• Fermi bubbles at the Galactic plane are shifted to the right from
the GC
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Fermi bubbles near the GC
• How do the FBs look near the GC?
– Subtract PS and gas-correlated emission from the data
– Assume that the bubbles have the same spectrum near the
GC as at high latitudes between 1 and 10 GeV
– Derive morphology using correlation with spectrum ~ E-1.9
Data
gas
PSGeV
Data
- gas–
- PS,
1.1–- 6.5

Ackermann et al ApJ 840 (2017)

~E-1.9
component
Hard
component
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Fermi bubbles

Hard component masked continuous
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Spectrum of the FB at low latitudes
• The intensity of the Fermi bubbles emission at low latitudes is
larger than at high latitudes
• There seems to be no cutoff up to ~ 1 TeV
• CTA and SGSO (HAWC in the south) should be sensitive to the
FB emission at low latitudes
– High latitude bubbles are hard to detect even with CTA
H.E.S.S. sensitivity
Projected CTA sensitivity
Model max
Model min
HAWC (2017)

SGSO:
Harm
Schoorlemmer
talk on Thursday

H.E.S.S. PeVatron
Fermi bubbles
Fermi bubbles
Fermi LAT data

Adapted from Ackermann et al
ApJ 840 (2017)
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Fermi bubbles with 9 years of Fermi LAT data
• Residual in the model that uses the data between 300 MeV and
1 GeV as a model of the “soft” foreground components

Herold & DM, A&A 625 (2019)
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Comparison of the spectra and profiles
• Spectra of the FB in the Galactic plane at negative longitudes
– No sign of a cutoff
– The spectrum in the rectangles model is very close to the
simple difference in the data: west minus east

Herold & DM, A&A 625 (2019)
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PROSPECTS FOR CHERENKOV
AND NEUTRINO TELESCOPES
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Prospects for Cherenkov telescopes
• It is possible to detect the FBs emission near the GC with
H.E.S.S. in optimistic cases
• CTA or SGSO will have a high chance of detecting the low
latitude FBs, provided that the cutoff is above a few TeV
– Should be able to
Hadronic models of the emission
measure the
H.E.S.S. sens. (50h)
HAWC (2017)
Proj. CTA sens. (50h)
H.E.S.S. PeVatron (2016)
gamma-ray
FB
(2014)
FB max (2019),
FB
(2014)
FB min (2019),
spectrum up to
~ 100 TeV
– In case of hadronic
production of gamma
rays: important
predictions for
neutrinos
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Prospects for neutrino telescopes
• ROI:
• KM3NeT and IceCube
should be able to detect
the low latitude bubbles
for Ecut > 10 TeV

KM3NeT 90% sensitivity low L FB

Marinelli et al
PoS(ICRC2019)956

Antares high L FB

Hallmann et al
JP Conf. Ser. 888 (2017)

IceCube 5o source at GC
FB max (2019),
FB min (2019),
0.5 x Proj. CTA sens. (50h)
4.2 x ANTARES (2017),
GC , no cut, ANTARES (2017)
5.7 x IceCube (2019),
GC , 500 TeV, IceCube (2019)
KM3NeT (2019)

ANTARES 5o source at GC

Albert et al

Aartsen et al

PRD 96 (2017)

ApJ 886 (2019)

IceCube high L FB

Aartsen et al ApJ 886 (2019)
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KM3NET ADVANTAGES
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KM3NeT advantages
• Low energies
– Important to detect
neutrinos above a few TeV

• Exposure
– Large volume
– GC is in the southern
hemisphere

FB max (2019),
FB min (2019),
0.5 x Proj. CTA sens. (50h)
4.2 x ANTARES (2017),
GC , no cut, ANTARES (2017)
5.7 x IceCube (2019),
GC , 500 TeV, IceCube (2019)
KM3NeT (2019)

Aiello et al APP 111 (2019)

• Angular resolution
– Would be good to have
~ 2o – 3o resolution for shower
events at 10 TeV
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Adrian-Martinez et al J.Phys. G43 (2016)

Possible scenarios
• Pessimistic – Eγcut ~ 1 TeV
– Likely no detection with either Cherenkov or neutrino
telescopes
• Realistic – Eγcut ~ 10 TeV
– Will be likely detected with CTA
and SGSO
– Can be detected with KM3NeT
• Measuring of astro neutrinos
around 10 TeV is crucial
• This is where KM3NeT
can make the difference!
• Optimistic – Eγcut ~ 100 TeV
– Should be detected with CTA, SGSO, KM3NeT, IceCube …
FB max (2019),

FB min (2019),
0.5 x Proj. CTA sens. (50h)
4.2 x ANTARES (2017),
GC , no cut, ANTARES (2017)
5.7 x IceCube (2019),
GC , 500 TeV, IceCube (2019)
KM3NeT (2019)
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Multiwavelength
observations
Multiwavelength
+ multimessanger?
•

•

•

•

•
•

Residual intensity,

Gamma-rays
– Homogeneous spectrum and intensity
– Softening above ~ 100 GeV
X-rays
Ackermann et al, ApJ 793 (2014)
– Constant temperature across the edge
– Little (if any) change in the emission measure
• No shock wave
Microwaves
Kataoka et al, ApJ 779 (2013)
– Haze at latitudes <~ 35o, hard spectrum
• Population of electrons with a hard spectrum
UV absorption lines
• Gas outflow velocities ~< 1000 km/s
Hα recombination in the Magellanic stream
Planck Collaboration, A&A 554 (2013)
Radio polarization

• Neutrinos?

Bland-Hawthorn et al
ApJ 778 (2013)
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Carretti et al, Nature 493 (2013)
Figure 2:

Conclusions
•
•

•
•

•

Fermi bubbles exist
There has been a massive campaign of multiwavelength observations
(radio, microwave, optical, X-rays, gamma rays)
But the questions of the origin (AGN vs SNe) and of the nature of the
gamma-ray emission (leptonic vs hadronic) are not settled
Softening of the gamma-ray spectrum at high latitudes above 100 GeV
makes neutrino detection improbable
– But at low latitudes the gamma-ray emission does not have a
cutoff up to ~ 1 TeV
– If the cutoff is >~ 10 TeV, then there is a high chance of a
detection with neutrino telescopes
Caveats:
– The nature of the gamma-ray emission at low and at high latitudes
can be different
– The gamma-ray emission at low latitudes may be aligned with the
high latitude one by coincidence
• But a detection of the neutrino counterpart would be in any
case important!
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