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Workshop Summary: 

Fermi and ground-based 
gamma-ray observations
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Kohta Murase
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Issues:

High-energy Astrophysics, Cosmic-ray Origin, 

Nature of Dark Matter, Fundamental Physics, etc.

Aims:

New approaches to using the currently available data?

Best ways to enhance science by the next-generation detectors?

Fermi satellite

> 1000 sources

@ GeV

Cherenkov detectors 

~100 sources 

@ TeV
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Cosmic-ray Electrons and Positrons

2

See M. Kistler’s slides

CRE spectrum including Geminga

Fermi and 
ground-based 

gamma-ray 
telescopes 
measure 

CREs too!
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Dark matter signals in CREs and 
gamma-rays from the Sun

Electronic Activity
If the annihilation is into light particles (muons, quarks, electrons,
photons) it will be difficult to observe the resulting neutrinos.
Some models of dark matter exhibit exactly such annihilations.
Fortunately, they also offer a different way of probing this effect:

a) Annihilation into a new
light state that escapes the
sun and then decays.

b)  Dark Matter does not
accumulate in the center,
annihilates outside the sun.

Constraints
FERMI and other observatories have looked for such effects. So
far, no excess has been observed.

Milagro
FERMI
EGRET

Giglietto for FERMi

These constraints arise from the gamma rays associated with any
high energy electronic activity. It will be interesting to search for
electrons directly.

See I. Yavin’s slides

Some DM models (inelastic 
DM, secluded DM) 

motivated to explain recent 
data imply a flux of CREs 
and gamma-rays from the 

Sun

Constraints on DM annihilation rate from solar 
gamma-ray measurements

Models are detectable/
constrainable by Fermi 

and ground-based 
gamma-ray telescopes
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Fermi bubbles

See T. Linden’s slides

Diffuse Excesses in the 
Fermi-LAT Data

The Fermi Bubbles and Galactic 

Center Excess

How to differentiate?

• Leptonic and hadronic channels require very different 

galactic diffusion characteristics

• Transient events may produce additional local 

phenomena?

• Multiwavelength constraints?

Explanations of Fermi 

• 1.) Inverse Compton Scattering of leptons injected near 

galactic center (Lin et al. 2010) 

• 2.) Energetic Proton Emission from Galactic Center (Crocker & 

Aharonian, 2011)

• 3.) Dark Matter Annihilation (Dobler et al. 2011)

• 4.) Millisecond Pulsars (Malyshev et al. 2010) 

• 5.) Transient AGN Activity (Guo & Mathews. 2011)

• 6.) Systematics in foreground subtraction (Linden & Profumo, 

2010)

• 7.) Extremely unfortunate nearby source

4

No convincing 
explanation yet
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Dark matter constraints from dSph 
galaxies
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FIG. 1: Current exclusion regions from Fermi 9-month gamma-ray observations of Segue 1 (bounded below by the blue solid
diagonal line) and MAGIC gamma-ray observations of Segue 1 (bounded below by the purple solid curved line). The exclusion
regions use the conservative 2σ lower limit of Lann given in Table I within θ = 0.25 (Fermi) and θ = 0.1 (MAGIC). The
dashed blue and purple lines depict the respective cross-section bounds using the optimistic 2σ upper limits of Lann. For the
χχ → W+W− channel, the black dot is the region favored by a model of wino-like neutralinos that explains the PAMELA
positron data [40]. Note that mχ � mt � 175 GeV for the χχ→ tt̄ channel.

The energy spectra for the longer channel χχ→ φφ with

φ→ µ+µ− are given by

dNνe

dx
= −5

3
+ 3x2 − 4

3
x3

+ 2 ln
1

x
(10)

dNνµ

dx
= −19

18
+

3
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9
x3

+
5

3
ln

1

x
, (11)

where x = Eν/mχ [39]. (The νi and ν̄i spectra are the

same for each channel). When these neutrinos reach

Earth, the probability that νi will have oscillated into

νµ is roughly [45]

P (νµ → νµ) � P (ν̄µ → ν̄µ) � 0.39,

P (νe → νµ) � P (ν̄e → ν̄µ) � 0.22 (12)

(we take this oscillation probability also into account for

the direct channel χχ→ νµν̄µ). Since Segue 1 lies in the

Northern Hemisphere, these neutrinos travel through the

Earth towards IceCube. While νe and ντ predominantly

give rise to cascade-like events in IceCube, νµ’s can con-

vert to muons in the ice and produce track-like events

that yield much better angular resolution [46]. We thus

focus exclusively on detecting the muons from the νµ’s.

(In particular, we also ignore the muons produced from

ντ → τ → µ.)

Given dNνµ,ν̄µ/dEν above, one obtains the differential

neutrino flux, dΦνµ,ν̄µ/dEν , from Eq. (1). The muon

energy spectrum detected by IceCube in a time T is given

by

Nµ

dEµ
(Eµ) = T

� mχ

Eµ

dEν
ρm

mN

dΦνµ,ν̄µ

dEν

� dσν

dEµ
+

dσν̄

dEµ

�

×R(Eµ, Eth)Aeff(Eµ). (13)

Essig, Sehgal, Strigari, Geha, Simon, PRD 2010 

Segue 1 gamma-ray limits

See L. Strigari’s slides

Fermi and MAGIC 
observations of 

Segue 1 constrain 
DM models

5
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Probing dark matter with AGN jets
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Centaurus A, SUSY scenario

[Abdo et al. (Fermi-LAT Collaboration) arXiv:1006.5463]

[Aharonian et al. (HESS Collaboration) arXiv:0903.1582]See L. Ubaldi’s slides

DM interactions 
with electrons 
could produce 

spectral signatures 
in off-axis gamma-
ray emission from 

AGN

6
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Anisotropy constraints on gamma-ray 
source populations
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Fermi IGRB IntensityPreliminary Fermi IGRB AnisotropyReference Model

See R. Reesman’s slides

Anisotropy 
constraints promising: 

for some source 
classes such as 

millisecond pulsars, 
anisotropy provides a 
stronger constraint 

than intensity 

Constraints on Galactic MSP population from measurements of 
high-latitude diffuse intensity and anisotropy

7
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Robust dark matter signatures?

8
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The HAWC Observatory

See D. Zaborov’s slides

HAWC will significantly improve high-energy gamma-ray 
sensitivity, some overlap with Fermi

HAWC sensitivity to GRBs

9

D. Zaborov, HAWC sensitivity to GRBs5 April 2011
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17

Redshift is modeled 
according to Gilmore et al.

No intrinsic spectral cutoff

Fermi LAT curve: 1 photon 
above 10 GeV

HAWC scalers are 
background dominated 

(sensitivity ~ 1 / sqrt(T))

Fermi LAT is essentially 
“background free” 
(sensitivity ~ 1 / T)

Above 10 GeV HAWC’s sensitivity will be comparable to Fermi LAT’s (for short GRBs)

preliminary

D. Zaborov, HAWC sensitivity to GRBs5 April 2011

Sensitivity to Crab-like point sources

• Long integration times lead
to excellent sensitivity at 
highest energies (> few TeV)

• 5σ sensitivity to:
  10 Crab in 3 minutes
    1 Crab in 5 hr (1 transit)
 0.1 Crab in ⅓ year

• 10-15x Milagro sensitivity

• Lower energy threshold

• Better angular 
resolution

• Better rejection of 
cosmic rays

10

50 hr observation time assumed for IACTs, 
HAWC source transit 15º off zenith
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High-energy neutrinos from GRBs

See S. Gao’s slides

Models predict 
diffuse flux of 

neutrinos from 
early GRBs

10
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Secondaries as a probe of 
the EBL and IGMF

See W. Essey’s slides

Constraints can be placed on 
EBL and IGMF from Fermi and 
ACT observations of blazars

Gamma-rays from secondaries from cosmic-ray protons
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Results

Intergalactic magnetic

fields and intrinsic

spectra Γ disallowed by

spectral fits to Hess

(Red shaded region)

and Fermi data (Green

shaded region).

Two EBL models are

shown, ”high” EBL

(top) and ”low” EBL

(bottom).

A high energy cutoff of

100 TeV was used for

primary photons.

Warren Essey The Secondary Universe

Secondaries from Cosmic Rays
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Cosmic ray protons undergo proton pair production off CMB and
photopion production off EBL. These secondaries lead to high
energy gamma rays and neutrinos.

Warren Essey The Secondary Universe

Cosmic Ray Results

Results fitted to Hess data for 1ES0229+0200 with cosmic ray protons as

primary source for intergalactic magnetic field (IGMF) = 10
−15

G(Blue) and

= 10
−13

G(Purple) were used with a ”high” EBL model.

Warren Essey The Secondary Universe
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Gamma-ray constraints on the 
extragalactic background light

See J. Finke’s slides

High EBL models ruled 
out by combined Fermi/

ACT constraints

12

Combined LAT / ACT Constraints

15

Georganopoulos, Finke, & Reyes (2010), ApJ,

submitted

Results for 1ES 1218+304

•Stecker et al. (2006) fast evo. model
ruled out at 4.7 !

• Stecker et al. (2006) baseline model
ruled out at 2.6 !

• Kneiske et al. (2004) best fit model
ruled out at 2.9 !

• Other lower models allowed

• Future work . . . more sources!

1! and 3! upper limits and model predictions
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Fermi and CTA data access and 
support

See H. Tajima’s slides

13
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Contribution of astrophysical sources 
to the gamma-ray background

See T. Venter’s slides

14

10 Stecker & Venters

1991). The observed spectrum does not match that
expected from dark matter annihilation, placing con-
straints on any dark matter annihilation contribution to
the EGB (Abdo et al. 2010a). Therefore, it is probable
that dark matter annihilation γ-rays, if present, provide
only a minor contribution to the EGB.
The same argument about matching spectra can

be made regarding the contribution from electromag-
netic cascades produced by very high and ultrahigh
energy cosmic-ray interactions as the resulting spec-
trum would be significantly harder than the observed
spectrum (Kalashev et al. 2009; Berezinsky et al. 2010;
Ahlers et al. 2010; Venters 2010).

5. RESULTS

The calculated spectrum of the unresolved FSRQ con-
tribution to the EGB (see Sections 3.1 and 4.1) is plotted
in Figure 5. For comparison, we include the Fermi anal-
ysis of the EGB (Abdo et al. 2010j), two analyses21 of
the EGRET EGB (Sreekumar et al. 1998; Strong et al.
2004a), and the calculation of the collective spectrum of
unresolved FSRQs ignoring the effect of source confu-
sion. Our results clearly show that the effect of source
confusion is to reduce the number of resolved sources,
increasing the collective intensity of unresolved blazars,
particularly below ∼ 1 GeV energy. Thus, accounting for
source confusion modifies the predicted spectrum such
that the EGRET and Fermi measurements of the EGB
below ∼ 1 GeV are both compatible with unresolved FS-
RQs. In contrast, the better angular resolution of the
Fermi-LAT above ∼ 1 GeV allows it to resolve more
blazars resulting in a limiting flux that is dominated by
the Fermi-LAT sensitivity rather than source confusion.
Thus, the collective spectrum of FSRQs breaks at ∼ 3
GeV22. At energies above ∼ 1 GeV, the predicted col-
lective spectrum of FSRQs falls below the data points,
though they are likely consistent with the data within the
uncertainties in the galactic foreground emission model.
In Figure 6, we plot the spectra of the unresolved star-

forming galaxy contributions to the EGB calculated for
the models discussed in Sections 3.2 and 4.2. For compar-
ison, we include the spectrum of the unresolved starburst
galaxy contribution alone that we determined from the
best-fit IR luminosity function of Hopkins et al. (2010).
The range in the calculations of the overall contribution
to the EGB from unresolved star-forming galaxies spans
about an order of magnitude indicating the degree of
uncertainty in such a calculation23. However, we note
that even though our most extreme model could pos-
sibly explain the lowest energy Fermi data points (and
possibly, within systematics, a couple others), it cannot
explain the EGRET data points below 300 MeV. The
Strong et al. (2004a) EGRET data points (minus the two
highest energy data points) with the Fermi data points
resemble a featureless power law, while the spectra of un-
resolved star-forming galaxies do not. Notably, the data

21 The two sets of EGRET data points result from two different
estimations of the galactic foreground emission.

22 The actual break should be more gradual since in our calcu-
lations we used the approximate broken angular resolution curve
shown in Figure 3.

23 Though, we note that each individual model is subject to its
own uncertainty. As such, the degree of uncertainty is likely even
more than an order of magnitude.
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Fig. 5.— The collective spectrum of unresolved FSRQs. Solid
green line: The spectrum accounting for source confusion. Dashed
green line: The spectrum without accounting for source confu-
sion. Black circles: The Fermi measurement of the spectrum
of the EGB as determined in Abdo et al. (2010j). Blue squares:
The EGRET measurement of the spectrum of the EGB as deter-
mined by Sreekumar et al. (1998) and confirmed by the analysis
of Stecker et al. (2008) and S. D. Hunter (private communication).
Red triangles: The EGRET measurement of the spectrum of the
EGB as determined by Strong et al. (2004a).
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Fig. 6.— The collective spectrum of unresolved star-forming
galaxies. Dashed indigo line: The spectrum determined from the
strong coupling model (see Sections 3.2.3 and 4.2.3. Solid blue line:
The spectrum determined from the IR luminosity function model
(see Sections 3.2.2 and 4.2.2). Dot-dashed yellow line: The spec-
trum determined from the IR luminosity function model assuming
no gas evolution. Dashed red line: The spectrum determined from
the Schechter function model (see Sections 3.2.1 and 4.2.1). Double
dot-dashed line: The spectrum of the starburst contribution alone
determined from the IR luminosity function model.

points show no indication of a π0-decay “bump” at the
energies at which the contribution of the star-forming
galaxies should peak.

6. DISCUSSION & CONCLUSIONS

We have calculated the spectral shape of the contri-
bution of unresolved FSRQs to the EGB assuming that
the γ-ray luminosity of an FSRQ is, on average, pro-
portional to its radio luminosity (Giroletti et al. 2010;
Abdo et al. 2010j; Ghirlanda et al. 2010; Mahony et al.
2010), and also accounting for the effects of source con-

FSRQs

Scenario in which 
EGRB dominated 
by emission from 
blazars consistent 
with Fermi source 

count data
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Origin of the extragalactic diffuse 
background

See D. Malyshev’s slides
15

Extragalactic gamma-rays Dmitry Malyshev,   NYU
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Point Sources

Galactic

Isotropic

Model = PS×Galactic× Isotropic

Generating function of the model
is a product of the components:

Data analysis

k - number of photons

nk - number of pixels with k of 
photons

Results:
1. AGN-like point sources ~ 20%
2. Galactic non-isotropic   ~ 50%
3. Isotropic                      ~ 30%

Extragalactic gamma-rays Dmitry Malyshev,   NYU

11

Point Sources

Galactic

Isotropic

Model = PS×Galactic× Isotropic

Generating function of the model
is a product of the components:

Data analysis

k - number of photons

nk - number of pixels with k of 
photons

Results:
1. AGN-like point sources ~ 20%
2. Galactic non-isotropic   ~ 50%
3. Isotropic                      ~ 30%

Pixel count 
statistics constrain 

contribution of 
point sources to 
diffuse emission


