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§Aim: search for the low-latitude Fermi Bubbles TeV emission 

§ Fermi-LAT template of the Fermi Bubbles

§H.E.S.S. data analysis

§Differential flux upper limits

§Discussion

Outline
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§ Fermi Bubbles discovered about a decade ago : a double-
lobe structure extending up to 55° in Galactic latitudes
above and below the Galactic Centre

§Possible counterparts at other wavelengths, e.g., the
microwave haze and X-ray features near GC

§At Galactic latitudes >10◦, their morphology is consistent
with an almost uniform distribution and their energy spectrum
a E−2 with a significant softening above ∼100 GeV

§ The Fermi Bubbles emission is brighter at low-latitudes, i.e.
<10°, an energy spectrum that remains hard a E−2 up to ∼1
TeV

Search for low-latitude Fermi Bubbles emission
Fermi Galactic center GeV excess 27

spectrum of the bubbles at high latitudes between ⇠ 100 MeV and ⇠ 100 GeV, which supports the

hypothesis of the homogeneous spectrum of the bubbles as a function of latitude. However, above

100 GeV the low-latitude bubbles spectrum continues to be hard, while the high-latitude spectrum

of the bubbles softens.
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Figure 8. Derivation of the Fermi bubbles template at low latitudes. Top left: the hard component defined

in Equation (5) in significance units. Top right: connected part of the hard components after applying a 2�

cut in significance. Bottom left and right: Fermi bubbles templates above and below |b| = 10� derived by

splitting the masked hard component in the top right plot.

The e↵ect of the introduction of the low-latitude bubbles template on the GC excess spectrum

is shown in Figure 9 at the right. Note, that the Fermi bubbles template in the Sample Model is

determined only for |b| > 10�. The GC excess above 10 GeV is taken up by the bubbles template,

while between 1 GeV and 10 GeV the GC excess is reduced by a factor of 2 or more.
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To test the robustness of the bubbles template derivation and the e↵ect on the GC excess flux we

also show the results for choosing di↵erent basis of smooth functions `max = 9, 14, 19 (Section 5.1.1);

di↵erent indices for the hard component nhard = �1.8, �2.0, di↵erent indices for the soft component

nsoft = �2.3, �2.5 (Section 5.1.2); and di↵erent significance threshold in the derivation of the bubbles

template �cut = 1.8, 2.2. The largest e↵ect comes from the change in the soft components index

nsoft = �2.3. The reason is that with harder spectrum of the soft component a part of the bubbles

template is now attributed to the soft component. As a result, the bubbles template has a smaller

area and it has a less significant influence on the GC excess flux.

In Figure 10 we show the residuals plus the GC excess modeled by the gNFW template with index

� = 1.25. We also show residuals in the model with all-sky bubbles without including a template

for the GC excess. The excess remains in the presence of the all-sky bubbles template, but it is

reduced compared to the residuals in Figure 3. We note that Ajello et al. (2016) modeled the Fermi

bubbles as an isotropic emission component within a 15� ⇥ 15� region around the GC, which led to

a limited e↵ect on the GC excess. This di↵ers from our analysis, in which the Fermi bubbles have

non-uniform intensity, and become increasingly brighter near the Galactic plane, as derived from the

SCA analysis. In conclusion, we find that the Fermi bubbles can significantly reduce the GC excess

or even explain it completely above 10 GeV.
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Figure 9. Components of gamma-ray emission and the GC excess spectrum in the presence of high and

low-latitude Fermi bubbles. Left: spectra of components; the templates are the same as in the Sample

Model, except for the Fermi bubbles templates, which are shown in Figure 8. Right: comparison of the GC

excess spectrum in the presence of the high and low-latitude bubbles templates with the Sample Model for

di↵erent parameters in the determination of the bubbles template. The main e↵ect comes from the variation

of the index of the soft component nsoft = �2.3, all of the other alternative cases overlap and are hard to

distinguish on the plot (see text for the definition of parameters `max, nhard, nsoft, and �cut).

5.2. Galactic Center Excess Template Derivation

Ackerm
ann et al. (Ferm

i-LAT Coll.), 2017, ApJ
840, 43
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§ Deep observations of the FBs near the GC in VHE gamma- rays can provide
crucial insights into their origin:
§ AGN-like burst: past activity of the SMBH Sagittarius A*
§ a star-formation activity near the GC
§ multiple core-collapse supernovae
…

§H.E.S.S. TeV measurements can be used to study the base of the FBs and help to
distinguish between different scenarii of the Bubbles formation

Search for low-latitude Fermi Bubbles emission
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§Spatial template from Fermi-LAT
M. Ackermann et al 2017 ApJ 840 43 (Fermi-LAT Collaboration)

§Best-fitted: power law with spectral index Γ=1.9
§Maximum surface brightness at Galactic longitude 𝑙 ≈ -1◦ and latitude 𝑏 ≈ 2◦. 

Derived from energies
between 1 and 10 GeV

Low-latitude Fermi Bubbles template

Surface brightness
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From the Fermi Bubbles spatial template given in a region of 10°x10° around GC:
- The energy spectrum of the FBs is re-computed in the H.E.S.S. ROI
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Fermi Bubbles spectrum in the H.E.S.S. ROI

PRELIMINARY
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§ The GC region is a very crowded region in VHE
gamma rays

§Conservative set of exclusion regions used to avoid
contamination of the nearby VHE sources/emissions
- Sources and Diffuse emission

from Galactic Plane
- Additional masks on 13 Fermi-LAT

sources within the 10° around the GC
Ajello et al. (Fermil-Lat coll.), Astrophys.J.Suppl. 232, 2 (2017)
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Exclusion regions and background measurement 
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§Reflected background method on
a run-by-run basis:
- Symmetric OFF (black) wrt the ON (blue)
➝ same ΔΩ and acceptance

- The signal gradient is maintained
between the ON and the OFF

- Excluded regions and overlapping areas
removed both in the ON and OFF

Exclusion regions and background measurement 
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et al.: Search for di↵use gamma-ray emission at the base of the Fermi bubbles with the H.E.S.S. IGS

Fig. 1. Exposure map obtained from the 2014-2020 H.E.S.S. observations of the Galactic Centre region. The H.E.S.S. pointing positions of the Inner
Galaxy Survey are marked as black crosses. The white contours show the surface brightness (in sr�1) at the base of the Fermi Bubbles obtained from
Fermi-LAT observations. The region of interest for H.E.S.S. is shown as a long-dashed black line. The grey-shaded area corresponds to the set of
masks used for the exclusion regions.

fake signal ÑS
ijk with the model in Eq. 2 and inject it into the measured background NOFF,ijk to create fake energy count distributions for94

the ON and the OFF regions, i.e. ÑS
ijk+NOFF,ijk and ÑS 0

ijk+NOFF,ijk, respectively. With this setup, we run the TS procedure considering95

as free parameter �0,inj and � = 1.9 and Ecut = 50 TeV fixed. We obtain 95%C.L. upper limits on the parameter tested. The results for96
the reconstruction of some values of the normalization �0,inj are reported in Tab. 1. When injecting �0,inj =3.0⇥10�9 TeV cm�2 s�197
sr�1, we obtain a sensitivity on the reconstruction power larger than 5�. If we set � = 2.2, the 1� bands weaken of a factor 5%.98

�0,inj 1D reco. 3D reco.
1.0 ⇥ 10�10 < 7.41 ⇥ 10�10 < 6.61 ⇥ 10�10

5.0⇥10�10 < 1.15 ⇥ 10�9 < 1.10 ⇥ 10�9

1.0 ⇥ 10�9 (1.00+0.62
�0.65) ⇥ 10�9 (1.00+0.58

�0.61) ⇥ 10�9

3.0 ⇥ 10�9 (3.02+0.61
�0.68) ⇥ 10�9 (3.02+0.61

�0.62) ⇥ 10�9

Table 1. Results for the performance studyThe first column gives the injected value of �0 in TeVcm�2s�1sr�1. � and Ecut are set to 1.9 and 50 TeV,
respectively. The second and third columns provide the reconstruction values of �0 in TeVcm�2s�1sr�1 obtained with the 1D and 3D methods,
respectively.

2.3. Differential flux upper limit99

The 95%C.L. energy-di↵erential expected flux upper limits are derived from a set of 100 Poisson realizations of the measured100
background events using 0.2 dex energy bins. For each energy bin, a Poisson realization of the measured background energy count101
distribution is computed independently for the ON and the OFF regions, respectively. For each realization of the energy count102
distribution in the ON and in the OFF regions, the corresponding value of the di↵erential flux upper limit is computed according103
to Rolke et al. (2005) assuming a 20% systematic uncertainty. From the mean, the 1 and 2� standard deviation of the obtained104
distribution of the di↵erential flux upper limits, the mean expected flux upper limits, the 1 and 2� bands are derived, respectively.105
Fig. 2 shows the energy di↵erential flux upper limits computed at 95% C.L. (red points) together with mean expected limits (black106
points) and the 1 (green) and 2� (yellow) containment bands.107

3. Results and discussion108

Depending on type of injected particles the high-energy emission measured by Fermi-LAT is believed to be of inverse-Compton or109
pion-decay origin. The injected relativistic electrons is expected to produce IC gamma-ray emission on the Interstellar Soft Radiation110
Fields (ISRF, see e.g. Porter et al. (2008)) and/or CMB. Photons of hadronic origin are due to decay of neutral pion origin, produced111
in interaction of injected relativistic protons with the interstellar medium.112

Article number, page 3 of 9

§ 2014-2020 observations with the five-telescope  
array of H.E.S.S.
- 546 hours of high-quality data
- mean observational zenith angle 18°

§ 14 IGS pointing positions
- Fermi-LAT contours in white
- H.E.S.S. ROI in black

§ No significant excess between the ON and OFF     
energy count distributions
➝ derivation of flux upper limits

Data analysis

PRELIM
INARY

Exposure map
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Search for TeV emission from the Fermi Bubbles with H.E.S.S. Emmanuel Moulin

Figure 1: Exposure map obtained from the 2014-2020 observations of the Galactic Centre region with
H.E.S.S. The H.E.S.S. pointing positions of the Inner Galaxy Survey are marked as black crosses. The white
contours show the surface brightness (in sr�1) at the base of the FBs obtained from Fermi-LAT observations.
The region of interest for H.E.S.S. is shown as a long-dashed black line. The grey-shaded area corresponds
to the set of masks used for the excluded regions.

The energy count distributions in the ON and the OFF regions are computed together with
the excess significance in the spatial bins of the H.E.S.S. ROI following the statistical approach of

Figure 2: Spectral energy distribution. The energy flux measured by Fermi-LAT in the H.E.S.S. ROI is
shown as gray points. The error bars show the 1f statistical uncertainty. Observed upper limits computed
at 95% C.L. from H.E.S.S. observations are shown as red arrows. The solid-angle-averaged flux from the
H.E.S.S. Pevatron [16] is also plotted (purple points).

Ref. [14]. No significant overall gamma-ray excess is found in the spatial bins of the ROI. Energy

3

§ 546 hours of high-quality data

§ No significant excess between the ON and
OFF energy count distributions according to
the background method determination

§ Differential flux upper limits
- 0.2 dex energy bins
- 95% C.L. UL
- 20% systematic uncertainty included

Differential flux upper limits 
PRELIMINARY

E. Moulin – Search for TeV emission from the Fermi Bubbles with H.E.S.S. – ICRC 2021



11

§ Constraints on model parameters of the
injected particle spectrum in leptonic and
hadronic scenarios

§ Joint analysis of Fermi-LAT and H.E.S.S.
datasets, the energy cutoff in the photon
spectrum is E𝛾,cut = 1.1+0.6

-0.4 TeV
- 95% C.L. UL is 2.2 TeV

Results and discussion

PRELIMINARY
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§ Constraints on model parameters of the  
injected particle spectrum in leptonic and 
hadronic scenarios

§ Assuming one-zone leptonic and hadronic    
models: 
§ 95% C.L. upper limit on the energy 

cutoff are: 
𝐸e,cut = 9.7 TeV and 𝐸p,cut = 22.9 TeV

Results and discussion

PRELIMINARY
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Summary

§ IGS campaign with pointing positions up to 3.2° is very fruitful:
- 546 hours of high-quality data from 2014 to 2020.

§ Computation of 95% C.L. observed upper limits including systematic uncertainty: ~
2×10−9 TeVcm−2s−1sr−1 at 1 TeV

§ Assuming an energy-independent spatial template of the Fermi Bubbles in the TeV
energy range:
➝ the H.E.S.S. upper limits constraint power-law extrapolation in the

TeV energy range of the best-fit Fermi-LAT spectrum with a hard index

§ Constraints in leptonic and hadronic scenarii on model parameters of the injected
particle spectrum
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