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The J-Factor of the Galactic Center

Ackermann et al. 2012

Ackermann et al. 2010

Dwarfs

Clusters

• Corresponds to the relative 
annihilation rate of the 
region compared to other 
astrophysical sources

• The J-factor of the galactic 
center is approximately: 

log10(J) = 23.91

for a region within 100 pc of the 
Galactic center and an NFW profile
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Negative: The Profile Dependence

• Assumptions for the slope 
of the inner dark matter 
profile can make orders of 
magnitude differences in 
the expected dark matter 
annihilation rate

• Dark Matter is not a 
dominant gravitational 
source near the galactic 
center, so there are few 
observational handles on 
the dark matter density in 
the GC region

Cored dark matter profiles too 
depressing to show on this plot
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Positive! Progress in Simulations

Gottloeber et al. (2010)

Levine et al. 2008 (z=3)

Gnedin et al. 2011

• Simulations including the effects of 
baryonic contraction show a 
steepening of the spectral slope 
from γ≈1.0 to γ≈1.2-1.5

• Much more work is required to 
understand the dark matter content 
of the GC region

• However, see work showing a core 
in the inner region of the galaxy 
(e.g. Governato et al. 2012) -- need 
to understand the region in which a 
core might form.
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Fermi Telescope (2008-Present)

• Hess spectrum 

• Fermi-LAT is a space based gamma-
ray detector with an effective 
energy range of 20 MeV-300 GeV

• Effective Area ~ 0.8 m2

• Field of View ~ 2.4 sr

• Energy Resolution ~ 10%

• Angular Resolution: Energy Dependent

• In analyses of the Galactic Center, we will 
constrict ourselves to Front converting 
events
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Subtracting the Astrophysical Background: Fermi

Hooper & Linden (2011)

• We employ a model of the galactic gas 
density (Kalberla & Kerp 2009) to subtract 
the contributions from the galactic plane.

• This emission template provides a superb 
match to the total emission spectrum 
outside of the central region

• This subtraction subtracts the vast majority of 
emission, leaving a single spherically 
symmetric emission around the GC
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Dark Matter Limits in the Simplest Way Possible

• After subtracting emission from known 
point sources, and an extrapolation of 
the line-of-sight gas density, the 
following “galactic center” emission is 
calculated

• This directly corresponds to a limit on 
the dark matter interaction cross-section 
which depends only on assumed dark 
matter density profile

Hooper & Linden (2011)
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• Under the assumption of an 
NFW profile, the 95% 
confidence limits are as 
good or better than those 
from dwarf-spheroidals

• They are especially stronger 
for leptophilic annihilation 
paths

Hooper & Linden (2011)

Comparison to Other Indirect Detection Regimes

Ackermann et al. (2011)
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• With some adiabatic 
contraction of the inner 
dark matter profile, these 
limits can become 
substantially stronger 
than any other indirect 
detection limit

Hooper & Linden (2011)
Ackermann et al. (2011)

Comparison to Other Indirect Detection Regimes
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• Note: Knowledge of the dark matter density distribution may be sufficient in 
order to move below the thermal cross-section

• Can set strong limits with negligible astrophysical knowledge. 

Comparison to Other Indirect Detection Regimes
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Understanding the GC Point Source: Fermi

Hooper & Linden (2011)

• Several efforts have been made to fit 
the GC point source, using both 
best-fitting point-source tools from 
the Fermi collaboration (Boyarsky et al. 

Chernyakova et. al), as well as independent 
software packages (Hooper & Goodenough)

• In all cases, the morphology of the 
observed emission cannot be fully 
accounted for by a single point 
source smeared out by the angular 
resolution of the Fermi-LAT
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Best fitting Models for Low-Mass Dark Matter

Hooper & Linden (2011)

• For a best fitting profile γ = 1.3, we find 
an available parameter space for dark 
matter models which match the observed 
GC excess

• These models are compatible with 
estimates for the relic density of dark 
matter

• The models combine 
with best fitting 
astrophysical 
backgrounds such as 
the GC point source 
and the galactic ridge, 
to fit the total GC 
excess
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Other Observations Fitting Light DM: Indirect

Hooper & Linden (2011)

• The same dark matter model provides a 
reasonable explanation to the intensity and 
morphology of the WMAP haze

• The magnetic field must be slightly 
stronger above the galactic plane than 
usually assumed
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Focus on the Filamentary Arcs

Linden et al. (2011)

• Dark Matter annihilation implies a strong 
constraint on the input electron density

• The model is still able to explain the 
synchrotron flux (intensity and spectrum) 
observed in multiple radio filaments

• Numerous long, thin and polarized 
radio filaments observed in radio data 
(since the 1980s)

• High polarization fraction implies a 
strong, structured magnetic field
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Other Observations Fitting Light DM: Indirect

Hooper & Linden (2011)
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Other Observations Fitting Light DM: Indirect

• Moreover, the population of 
observed radio filaments shows 
a strong trend towards higher 
luminosities nearby the galactic 
center

• This is not generically expected 
in situations where the electron 
flux is generated by local 
astrophysical conditions

• The large uncertainties in this 
trend may be offset by the very 
steep slope expected from dark 
matter annihilation

Linden et al. (2011)
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Other Observations Fitting Light DM: Direct

• Light Dark Matter (~10 GeV) provides a 
compelling fit to the excesses currently 
observed by DAMA, CoGeNT and 
CRESST

• Light Dark Matter may also be compatible 
with observed signal/limits at CDMS

• However, a recent error found in CoGeNT 
analysis may affect some early dark matter 
interpretations

Hooper (2012)

Kelso et al. (2012)
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Conclusions on Dark Matter Model

• Subtraction of both a model for the galactic diffuse emission as well as all 
known Fermi-LAT point sources yields a bright residual emission 

• This emission is spatially extended, and not well modeled by a point source 
convolved with the Fermi PSF

• The emission is well fit by light dark matter particles annihilating to b b-bar 
(~30 GeV), or τ+τ- (~10 GeV)

• In the case of annihilations to τ+τ-, a 10 GeV dark matter candidate also 
provides a compelling fit to both radio observations and signals in direct 
dark matter experiments
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