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Specifications

• all-sky coverage

• public data

• ~8 years observation

 (extended through 2018)


• 30 MeV to over 300 GeV
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High-Energy Physics in Space
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Via Lactea 2 Simulation

Ackerman+ [LAT Clb]  2012ApJS..203....4A44A

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1206.1896
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Lines 
Ackermann+ 2012ApJ...747..121A
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Status
dSph

clusters

dSphs

EGB

GC/Halo

put in arxiv numbers?

GC  
Ajello+ 2016ApJ...819...44A
Halo 
Ajello+ 2016ApJ...819...44A

Unassociated Sources 
Ackermann+ 2012ApJ...747..121A

Isotropic 
Ackermann+ 2015JCAP...09..008T

EGB 
Ajello+ 2015ApJ...800L..27A

• extensive searches in standard targets


e.g. 

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2016ApJ...819...44A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24334
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http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2016ApJ...819...44A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24334
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http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...800L..27A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa06837


Figure 2. Residual maps of the regions surrounding the subhalo candidate 3FGL J2212.5+0703
(left frame) and the known blazar 3FGL J2134.1-0152 (right frame). These maps display the photon
flux per square degree (above 1 GeV) and have been smoothed with a 0.15� Gaussian. Whereas the
source in the left frame shows significant evidence of spatial extension, the source in the right frame
is consistent with point-like emission.

4 Systematic Uncertainties: Assessing the Robustness of 3FGL J2212.5+0703’s

Spatial Extension

In this section, we will describe tests that we have performed in order to establish the
probability that the spatial extension observed from 3FGL J2212.5+0703 is authentic, as
opposed to being the result of problems with the di↵use emission model or confusion between
multiple nearby gamma-ray sources.

4.1 Using Associated 3FGL Sources as a Control Group

In addition to the unassociated sources discussed in the previous section, the 3FGL catalog
contains many sources that have been associated with emission observed at other wavelengths.
These sources, which are very unlikely to be dark matter subhalos, provide us with an
opportunity to test our procedure for identifying spatial extension. In order to make a fair
“apples-to-apples” comparison, we consider only those associated 3FGL sources that are
located at high latitude (|b| > 20�) and that emit a gamma-ray flux in the same range as our
12 subhalo candidates (10�9 cm�2 s�1 < F� < 4.24 ⇥ 10�9 cm�2 s�1). Of the 251 sources
that meet these criteria, 228 are associated with AGN, 16 with pulsars, six with galaxies,
and one with a globular cluster.

Following the approach described in the previous section, we have tested each of these
251 sources for evidence of (spherically symmetric) spatial extension. While we found that
none of these 251 sources exhibit as much evidence for extension as 3FGL J2212.5+0703,
the flat-spectrum radio quasar 3FGL J1310.6+3222 does prefer extension at a slightly lower
level, 2� lnL ' 19.4 (compared to 21.4 for 3FGL J2212.5+0703). Including this source, we
found that five of these 251 sources prefer extension at the level of 2� lnL > 10. In Fig. 3,
we present these results for a small sub-sample of these 251 sources. In the upper six frames
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• extensive searches in standard targets

• including a few others!


Smith Cloud 
Drlica-Wagner+ 2014ApJ...790...24D

Small Magellanic Cloud 
Caputo+ 2016PhRvD..93f2004C

Electron-Positron 
Ackermann+ 2012PhRvL.108a1103A

e.g. 

http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1405.1030
http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1603.00965
http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:1109.0521


Figure 2. Residual maps of the regions surrounding the subhalo candidate 3FGL J2212.5+0703
(left frame) and the known blazar 3FGL J2134.1-0152 (right frame). These maps display the photon
flux per square degree (above 1 GeV) and have been smoothed with a 0.15� Gaussian. Whereas the
source in the left frame shows significant evidence of spatial extension, the source in the right frame
is consistent with point-like emission.

4 Systematic Uncertainties: Assessing the Robustness of 3FGL J2212.5+0703’s

Spatial Extension

In this section, we will describe tests that we have performed in order to establish the
probability that the spatial extension observed from 3FGL J2212.5+0703 is authentic, as
opposed to being the result of problems with the di↵use emission model or confusion between
multiple nearby gamma-ray sources.

4.1 Using Associated 3FGL Sources as a Control Group

In addition to the unassociated sources discussed in the previous section, the 3FGL catalog
contains many sources that have been associated with emission observed at other wavelengths.
These sources, which are very unlikely to be dark matter subhalos, provide us with an
opportunity to test our procedure for identifying spatial extension. In order to make a fair
“apples-to-apples” comparison, we consider only those associated 3FGL sources that are
located at high latitude (|b| > 20�) and that emit a gamma-ray flux in the same range as our
12 subhalo candidates (10�9 cm�2 s�1 < F� < 4.24 ⇥ 10�9 cm�2 s�1). Of the 251 sources
that meet these criteria, 228 are associated with AGN, 16 with pulsars, six with galaxies,
and one with a globular cluster.

Following the approach described in the previous section, we have tested each of these
251 sources for evidence of (spherically symmetric) spatial extension. While we found that
none of these 251 sources exhibit as much evidence for extension as 3FGL J2212.5+0703,
the flat-spectrum radio quasar 3FGL J1310.6+3222 does prefer extension at a slightly lower
level, 2� lnL ' 19.4 (compared to 21.4 for 3FGL J2212.5+0703). Including this source, we
found that five of these 251 sources prefer extension at the level of 2� lnL > 10. In Fig. 3,
we present these results for a small sub-sample of these 251 sources. In the upper six frames
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• including a few others!
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first check for the unique signature

• early feature at 135 GeV, but

• present in off-regions

• significance has gone down
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FIG. 11. Fit at 133 GeV for a �-ray in the 3.7-year Pass 8 data set using the 2D energy dispersion model in R3. The solid
curve shows signal and background fitting procedure described in Sec. VA. The blue dotted line is the signal model that best
fits the data. The gray line, which is mostly hidden by the solid curve, is the best fit background. The bin size is such that the
energy resolution is sampled with 3 bins.
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FIG. 12. Fit at 133 GeV for a �-ray in a 5.8-year Pass 7REP (left) and Pass 8 (right) data sets using the 2D energy dispersion
model in R3. The solid curve shows signal and background fitting procedure described in Sec. VA. The blue dotted line is the
signal that best fits the data. The gray line, which is mostly hidden by the solid curve, is the best fit background. The bin size
is such that the energy resolution is sampled with 3 bins.

C. Feature in the Earth Limb

The �-ray spectrum of the Earth Limb (see Tab. I) is expected to be featureless; however, in the Pass 7REP data
a 2� feature was found at the same energy as the feature in R3 [19, 36]. This was a strong indication that the
feature seen in R3 could have been, in part, a systematic e↵ect. We carried out additional studies with Pass 8 event
reconstruction and the full dataset to further understand this feature in the Limb. Figure 13 shows a fit to a �-ray line
at 133 GeV using the full 5.8 year Pass 7REP and Pass 8. We find a slight detection of a line-like feature in both
Pass 7REP and Pass 8 with a similar fractional size. With Pass 8 the significance increases slightly due mainly to
the increase in the number of events from the greater acceptance of Pass 8.

We note that no feature at 133 GeV is present in the GP control region (Sec. III). To try to understand the nature
of the slight excess in the Earth Limb with no detection in the GP, events in the GP were reweighted in ✓ and in
azimuthal angle, �, to the distribution in the Limb. This would indicate a dependence of the feature on the particular
distribution of arrival directions of the � rays in instrument coordinates. The reweighting also yielded no detection of
a line-like feature at 133 GeV in the GP. Additionally the Limb selection criteria was modified (in both ✓r and ✓z) to
see if the feature was enhanced or decreased in any particular part of phase space. The only significant change came
when splitting the Limb data by the signed value of the rocking angle, ✓r. The feature appears more significantly

Weniger 2012

Ackermann+ [LAT Clb]

2012ApJ...747..2015arXiv150600013T

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707
http://adsabs.harvard.edu/abs/2015arXiv150600013T
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707
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FIG. 11. Fit at 133 GeV for a �-ray in the 3.7-year Pass 8 data set using the 2D energy dispersion model in R3. The solid
curve shows signal and background fitting procedure described in Sec. VA. The blue dotted line is the signal model that best
fits the data. The gray line, which is mostly hidden by the solid curve, is the best fit background. The bin size is such that the
energy resolution is sampled with 3 bins.
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FIG. 12. Fit at 133 GeV for a �-ray in a 5.8-year Pass 7REP (left) and Pass 8 (right) data sets using the 2D energy dispersion
model in R3. The solid curve shows signal and background fitting procedure described in Sec. VA. The blue dotted line is the
signal that best fits the data. The gray line, which is mostly hidden by the solid curve, is the best fit background. The bin size
is such that the energy resolution is sampled with 3 bins.

C. Feature in the Earth Limb

The �-ray spectrum of the Earth Limb (see Tab. I) is expected to be featureless; however, in the Pass 7REP data
a 2� feature was found at the same energy as the feature in R3 [19, 36]. This was a strong indication that the
feature seen in R3 could have been, in part, a systematic e↵ect. We carried out additional studies with Pass 8 event
reconstruction and the full dataset to further understand this feature in the Limb. Figure 13 shows a fit to a �-ray line
at 133 GeV using the full 5.8 year Pass 7REP and Pass 8. We find a slight detection of a line-like feature in both
Pass 7REP and Pass 8 with a similar fractional size. With Pass 8 the significance increases slightly due mainly to
the increase in the number of events from the greater acceptance of Pass 8.

We note that no feature at 133 GeV is present in the GP control region (Sec. III). To try to understand the nature
of the slight excess in the Earth Limb with no detection in the GP, events in the GP were reweighted in ✓ and in
azimuthal angle, �, to the distribution in the Limb. This would indicate a dependence of the feature on the particular
distribution of arrival directions of the � rays in instrument coordinates. The reweighting also yielded no detection of
a line-like feature at 133 GeV in the GP. Additionally the Limb selection criteria was modified (in both ✓r and ✓z) to
see if the feature was enhanced or decreased in any particular part of phase space. The only significant change came
when splitting the Limb data by the signed value of the rocking angle, ✓r. The feature appears more significantly

Weniger 2012

first check for the unique signature

• early feature at 135 GeV, but

• present in off-regions

• significance has gone down
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FIG. 8. 95% CL h�vi�� upper limits for each DM profile considered in the corresponding optimized ROI. The upper left panel
is for the NFWc (�=1.3) DM profile in the R3 ROI. The discontinuity in the expected and observed limit in this ROI around
1 GeV is the result of using only PSF3 type events. See Sec. III for more information. The upper right panel is for the Einasto
profile in the R16 ROI. The lower left panel is the NFW DM profile in the R41 ROI, and finally the lower right panel is the
Isothermal DM profile in the R90 ROI. Yellow (green) bands show the 68% (95%) expected containments derived from 1000
no-DM MC simulations (see Sec. VB). The black dashed lines show the median expected limits from those simulations. Also
shown are the limits obtained in our 3.7-year line search [19] and our 5.2-year line search [22] when the assumed DM profiles
were the same.

The LAT consists of 16 towers, each includes a tracker module and a calorimeter module [23]. Pass 8 includes
important updates to the energy reconstruction near the edges of the calorimeter modules (<60 mm from the center of
the gap) [24, 35]. Events that deposit the majority of their energy (or have their reconstructed centroid) near the edge
of a calorimeter module are more di�cult to reconstruct accurately because of energy leakage of the shower into the
gaps between modules, or towers. Pass 8 applies an improved handling of this leakage in the energy reconstruction
algorithms. We show in Fig. 10 the distance of each reconstructed centroid from the center of the calorimeter gap for
the events passing the comparison selection outlined above. Each calorimeter crystal has a width of 326 mm and the
gap between modules of 44 mm [15]. This yields a total width of 370 mm. In this figure, 0 mm marks the distance
from the middle of the gap between sets of crystals. The figure at the top also includes a cartoon to illustrate the
location of the edge of the calorimeter crystal with the center located at 185 mm.

About half of the overlapping events between Pass 7REP and Pass 8 in the 120–150 GeV energy range were
reconstructed with centroids near the edges of the towers (<60 mm from the center of the gap). As a consequence,
these events had the largest di↵erences in reconstructed energy and comprised the tails of the distribution shown on
the left in Fig. 10. There appears to be a slight enhancement of events where much of the shower was lost between
modules in the energy range around 133 GeV relative to all events above 20 GeV.

γχ

χ γ

highest potential flux

Ackermann+ [LAT Clb]

2012ApJ...747..2015arXiv150600013T

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707
http://adsabs.harvard.edu/abs/2015arXiv150600013T
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707


for continuum, we must model known sources

• cosmic rays + gas

• cosmic rays + light

• point sources

• “bubbles”
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Galactic Center
model known sources


• cosmic rays + gas

• cosmic rays + light

• point sources


examine what remains

• peaked at a few GeV

• extended (10 deg)

• spatially consistent spectrum?


highest potential flux

NASA/T. Linden, U. Chicago

10

FIG. 10: The raw gamma-ray maps (left) and the residual maps after subtracting the best-fit Galactic di↵use model, 20 cm
template, point sources, and isotropic template (right), in units of photons/cm2/s/sr. The right frames clearly contain a
significant central and spatially extended excess, peaking at ⇠1-3 GeV. Results are shown in galactic coordinates, and all maps
have been smoothed by a 0.25� Gaussian.

ing to a statical preference for such a component at the
level of ⇠17�. In Fig. 8, we show the spectrum of the
dark-matter-like component, for values of � = 1.2 (left
frame) and � = 1.3 (right frame). Shown for compari-
son is the spectrum predicted from a 35.25 GeV WIMP
annihilating to bb̄. The solid line represents the contribu-
tion from prompt emission, whereas the dot-dashed and
dotted lines also include an estimate for the contribution
from bremsstrahlung (for the z = 0.15 and 0.3 kpc cases,

as shown in the right frame of Fig. 2, respectively). The
normalizations of the Galactic Center and Inner Galaxy
signals are compatible (see Figs. 6 and 8), although the
details of this comparison depend on the precise mor-
phology that is adopted.

We note that the Fermi tool gtlike determines the
quality of the fit assuming a given spectral shape for
the dark matter template, but does not generally provide
a model-independent spectrum for this or other compo-
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Galactic Center
model known sources


• cosmic rays + gas

• cosmic rays + light

• point sources

• “bubbles”

highest potential flux

without / with 
bubbles

NASA/T. Linden, U. Chicago
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• peaked at a few GeV

• extended (10 deg)

• spatially consistent spectrum?

• sharp cutoff 



potential missing pieces

• dark matter signal
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Galactic Center
highest potential flux



potential missing pieces

• dark matter signal

• millisecond pulsar population
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Galactic Center
highest potential flux

O'Leary+ (2015)   
arXiv:1504.02477
Aliu+ (2015) 
2015ApJ...800...61A

both models fit both the spectrum and extension


http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...800...61A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27187
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...800...61A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27187


potential missing pieces

• dark matter signal

• millisecond pulsar population
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Galactic Center

both models fit both the spectrum and extension

but there is a fundamental difference


highest potential flux

O'Leary+ (2015)   
arXiv:1504.02477
Aliu+ (2015) 
2015ApJ...800...61A

vs

lu
m

py
sm

ooth

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...800...61A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27187
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...800...61A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27187
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Dwarf Spheroidal Galaxies
the cleanest targets

dSph properties

• DM-dominated (1000:1)

• 10s to 1000s of stars 

trace the potential

• often high latitude (low 

diffuse background)

• nearby (<250 kpc)

• many!  (50+) allows for 

joint analyses
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joint dSph analysis

• 15 targets

• 4th generation 

collaboration analysis

• 60 mo. Pass 8 data

• thermal exclusion to 

100 GeV

the cleanest targets

Dwarf Spheroidal Galaxies

Recent papers: 

LAT:  Ackermann+  [LAT Clb]  2015PhRvL.115w1301A  


Drlica-Wagner+ [LAT + DES Clbs]  2015ApJ...809L...4D

Geringer-Sameth+  2015PhRvL.115h1101G

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015PhRvL.115w1301A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa20370
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...809L...4D&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa19503
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015PhRvL.115h1101G&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa05336
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Status Summary
what can the LAT say about WIMPs? 13
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FIG. 8. 95% CL h�vi�� upper limits for each DM profile considered in the corresponding optimized ROI. The upper left panel
is for the NFWc (�=1.3) DM profile in the R3 ROI. The discontinuity in the expected and observed limit in this ROI around
1 GeV is the result of using only PSF3 type events. See Sec. III for more information. The upper right panel is for the Einasto
profile in the R16 ROI. The lower left panel is the NFW DM profile in the R41 ROI, and finally the lower right panel is the
Isothermal DM profile in the R90 ROI. Yellow (green) bands show the 68% (95%) expected containments derived from 1000
no-DM MC simulations (see Sec. VB). The black dashed lines show the median expected limits from those simulations. Also
shown are the limits obtained in our 3.7-year line search [19] and our 5.2-year line search [22] when the assumed DM profiles
were the same.

The LAT consists of 16 towers, each includes a tracker module and a calorimeter module [23]. Pass 8 includes
important updates to the energy reconstruction near the edges of the calorimeter modules (<60 mm from the center of
the gap) [24, 35]. Events that deposit the majority of their energy (or have their reconstructed centroid) near the edge
of a calorimeter module are more di�cult to reconstruct accurately because of energy leakage of the shower into the
gaps between modules, or towers. Pass 8 applies an improved handling of this leakage in the energy reconstruction
algorithms. We show in Fig. 10 the distance of each reconstructed centroid from the center of the calorimeter gap for
the events passing the comparison selection outlined above. Each calorimeter crystal has a width of 326 mm and the
gap between modules of 44 mm [15]. This yields a total width of 370 mm. In this figure, 0 mm marks the distance
from the middle of the gap between sets of crystals. The figure at the top also includes a cartoon to illustrate the
location of the edge of the calorimeter crystal with the center located at 185 mm.

About half of the overlapping events between Pass 7REP and Pass 8 in the 120–150 GeV energy range were
reconstructed with centroids near the edges of the towers (<60 mm from the center of the gap). As a consequence,
these events had the largest di↵erences in reconstructed energy and comprised the tails of the distribution shown on
the left in Fig. 10. There appears to be a slight enhancement of events where much of the shower was lost between
modules in the energy range around 133 GeV relative to all events above 20 GeV.

ICECUBE GC Halo

HESS GC Halo

Fermi-LAT dSphs
CMB

AMS anti-p

in context

• at the forefront in 

sensitivity for this 
mass range


• beginning to pressure 
thermal WIMPs


• still some potential for 
detection

Conrad 2016

Charles+ [LAT Clb]

2015arXiv150600013T 

Ackermann+ [LAT Clb]

2012ApJ...747..2015arXiv150600013T

http://adsabs.harvard.edu/abs/2015arXiv150600013T
https://inspirehep.net/record/1456124
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707
http://adsabs.harvard.edu/abs/2015arXiv150600013T
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012ApJ...747..121A&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa24707
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the future
two big questions


• there are a few hints — can they be resolved?

• if we don’t see anything, what ultimate limits can we expect?



Charles+ [LAT Clb]

2015arXiv150600013T 20

Projected Limits

Alex Drlica-Wagner   |   Fermilab

“Missing” Satellites?

16

SDSS Begins

DECam Installed

DES Year 1

DES Year 2

Milky Way Companions 
Found in Two Years of DES Data

12

Blue = Known prior to 2015 
Red triangles = DES Y2Q1 candidates 

Red circles = DES Y1A1 candidates 
Green = Other new candidates

Stellar density field from 
SDSS and DES

DES footprint in Galactic coordinates (~5000 deg2)

Drlica-Wagner et al. 2015 
arXiv:1508.03622

the dSph advantage
beating sqrt(t)


• ~20 new targets from the 
dark energy survey (DES)


• similar in character 
(southern hemisphere)


• waiting on spectroscopic 
follow-up for J-factors


Drlica-Wagner+ 
2015ApJ...813..109D

Bechtol+ 
2015ApJ...807...50B

signal-limited

background-limited

http://adsabs.harvard.edu/abs/2015arXiv150600013T
https://inspirehep.net/record/1456124
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...813..109D&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa26949
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...813..109D&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa26949
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...807...50B&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27131
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...807...50B&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27131
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Projected Limits
the dSph advantage

Alex Drlica-Wagner   |   Fermilab

“Missing” Satellites?

16

SDSS Begins

DECam Installed

DES Year 1

DES Year 2

Milky Way Companions 
Found in Two Years of DES Data

12

Blue = Known prior to 2015 
Red triangles = DES Y2Q1 candidates 

Red circles = DES Y1A1 candidates 
Green = Other new candidates

Stellar density field from 
SDSS and DES

DES footprint in Galactic coordinates (~5000 deg2)

Drlica-Wagner et al. 2015 
arXiv:1508.03622

Alex Drlica-Wagner   |   Fermilab

“Missing” Satellites?

17

LO
G

 S
C

A
LE

DECam Installed

SDSS Begins

LSST (Projected)

beating sqrt(t)

• ~20 new targets from the 

dark energy survey (DES)

• similar in character 

(southern hemisphere)

• waiting on spectroscopic 

follow-up for J-factors

• even more with LSST

signal-limited

Drlica-Wagner+ 
2015ApJ...813..109D

Bechtol+ 
2015ApJ...807...50B

Charles+ [LAT Clb]

2015arXiv150600013T 

background-limited

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...813..109D&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa26949
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...813..109D&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa26949
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...807...50B&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27131
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...807...50B&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa27131
http://adsabs.harvard.edu/abs/2015arXiv150600013T
https://inspirehep.net/record/1456124


22

101 102 103 104

m� [GeV]

10�27

10�26

10�25

10�24

10�23

h�
vi

[c
m

3
s�

1 ]
Abazajian+ (2015)

Gordon & Macias (2013)

Daylan+ (2014)

Calore+ (2014)bb̄

LAT dSphs: (proj. 15 yrs 60 dSphs)

CTA GC Halo 500h: Lefranc+ (2015)

CTA MW Halo 500h: Carr+ (2015)

HESS, MW Halo: Lefranc+ (2015)

Planck: Ade+ (2015)

Thermal Relic Cross Section
(Steigman+ 2012)

Projected Limits

15 years, 60 dSphs

• should conclusively 

address GC models

• can reach thermal to 

100s of GeV

the dSph advantage

Charles+ [LAT Clb]

2015arXiv150600013T 

http://adsabs.harvard.edu/abs/2015arXiv150600013T
https://inspirehep.net/record/1456124
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beyond WIMPs



Lαγ = −1
4gαγFμνF̃μν = gαγEBa

24

Axion-Like Particles
in theory

P H O T O N - A X I O N / A L P  M I X I N G  
IN A COHERENT MAGNETIC FIELD

[Raffelt & Stodolsky 1988]4

Lαγ = −1
4gαγFμνF̃μν = gαγEBa

a

B

γ by mixing with ALPs, gammas can

• survive propagation when they 

should not

• acquire spectral irregularities

ɣɣ

P H O T O N - A L P  
P R O PA G AT I O N

a

B

11

Meyer 2016
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Axion-Like Particles
in practice

C O N S T R A I N T S  &  S E N S I T I V I T I E S
L IM I TS

SENS I T IV I T I ES

21
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Axion-Like Particles
in practice

analysis of NGC 1275

• no significant spectral irregularities

• strongly pressures models which fit EBL 

attenuation in IACT data  
Hubble image of NGC 1275 

http://hubblesite.org/newscenter/archive/releases/2008/28/image/a/

S E A R C H  F O R  I R R E G U L A R I T I E S  W I T H  
F E R M I  L AT  F R O M  N G C  1 2 7 5

• Radio galaxy NGC 1275, 
bright Fermi source [e.g. Abdo 
et al. 2009] 

• In the center of cool-core 
Perseus cluster 

• Rotation measures: central B 
field ~25μG [Taylor+ 2006] 

• B ≳ 2 μG from non-
observation of ɣ rays [Aleksic 
et al. 2012]

[Ajello et al. 2016] 16

Meyer+ [LAT Clb]  2016PhRvL.116p1101A...813..109D

Hubble image of NGC 1275 


http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2015ApJ...813..109D&db_key=AST&link_type=ABSTRACT&high=535b0cd7aa26949
https://inspirehep.net/record/1432667
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Axion-Like Particles
in practice

in case of a Milky Way supernova

• ALP conversion would allow photons to escape much earlier, 

becoming gamma rays again in the galactic magnetic field

• if it happens in the LAT lifetime, we can actually constrain ALP DM

Meyer+ 2016 NASA/ESA
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summary

• the LAT has been an invaluable resource for indirect DM searches


• the field is driven by analyses of dSphs and the GC


• the potential of new targets (dSphs) and events (galactic 
supernovae) will keep things exciting


