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Fermi
• launched 11 June, 2008

• Objectives:

• Explore the most extreme environments in the 
Universe, where nature harnesses energies far beyond 
anything possible on Earth.

• Search for signs of new laws of physics and what 
composes the mysterious Dark Matter.

• Explain how black holes accelerate immense jets of 
material to nearly light speed.

• Help crack the mysteries of the stupendously powerful 
explosions known as gamma-ray bursts.

• Answer long-standing questions across a broad range of 
topics, including solar flares, pulsars and the origin of 
cosmic rays.
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Fermi instruments
• sensitive to 20 MeV - >300 

GeV γ-rays

• 2.4 sr FoV, scans entire sky 
every 2 orbits (3 h)

• sensitive to 8 keV - 40 MeV

• views entire unocculted sky

LAT

GBM
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Large area telescope
• Precision Si-strip tracker - measures the photon direction

• Hodoscopic CsI Calorimeter - measures the energy, images the shower

• Segmented Anticoincidence detector - rejects background

• Electronics system with flexible robust hardware trigger and software 
filters 

e+ e– 

!"
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Fermi in Sweden

• Focus on dark matter, gamma-ray bursts, 
active galactic nuclei, and pulsars

• Compact objects and GRB: F. Ryde, M. 
Jackson, E. Moretti, T. Nymark, M. Axelsson, 
C. Lundström, J. Larsson, S. Larsson, S. Iyyani

• Dark Matter: B. Anderson, P. Carlson, J. 
Conrad, L. Bergström, J. Edsjö, S. Carius, G. 
Martinez, M. Llena-Garde, S. Zimmer
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Fermi sources 
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• γ-rays from blazars interact with photons 
from starlight and disappear from the γ-ray 
background 

• Fermi sees less light coming from distant 
blazars than expected from observations of 
close blazars

• Fermi can be used as a probe of past star 
formation 

Cosmic Fog
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Cosmic Fog
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Cosmic Fog
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Solar Flares

• March 7, 2012, Fermi detects highest 
energy light ever seen from the sun 
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Pulsars
• Fermi observations show that in globular clusters, formation 

of anomalous high magnetic field millisecond pulsars is 
comparable to that of normal MSPs (Science 334, 1107 2011)

• 2nd Fermi pulsar catalog nearly ready for submission!
which scales roughly with P−1.1 Ṗ (27). In the
case of J1823–3021A, if Ṗ ≅ Ṗobs, then TN
should be one order of magnitude larger than for
J1939+2134; instead, its Ṗ̇ is ∼ 1.5 × 102 larger
than that of J1939+2134. This is possible given
the observed scatter around the TN scaling law.
Thus, TN might account for the Ṗ̇ of J1823–
3021A, but this is far more likely if Ṗ ≅ Ṗobs.

If Ṗ ≅ Ṗobs, we can estimate the strength of
its surface dipole magnetic field: B0 ¼ 3:2 "

1019G
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ṖPðI=1045g cm2

q
ðR=10kmÞ−3 ≅ 4:3 "

109G (28) [where R is the neutron star (NS) ra-
dius, generally assumed to be 10 km]. MSPs are
thought to start as normal NSs withB0 ∼1011−13 G,
which are then spun up by the accretion of matter
and angular momentum from a companion star.
This process is thought to decrease their magnetic
field to B0 ∼ 107−9 G, but the exact mechanism
responsible for this is currently not well understood.
Our value of B0 shows that for J1823–3021A, this
decrease was not as pronounced as for otherMSPs.

As accretion spins up the NS, it eventually
reaches an equilibrium spin period (29) given by:

Pinit ¼ 2:4ms
B0

109G

" #6=7 M
M⊙

" #−5=7

" R
104m

" #18=7 Ṁ

Ṁ Edd

 !−3=7

ð2Þ

whereM is the NS mass, Ṁ is the accretion rate,
and ṀEdd is the maximum possible stable accre-
tion rate for a spherical configuration (known
as the Eddington rate). Beyond this, the pressure
of accretion-related radiation starts preventing fur-
ther accretion. After accretion ceases, the newly
formed radio MSP will have Pinit as its initial
spin period. Assuming Ṁ = ṀEdd,M = 1.4M⊙,
and R = 10 km (as in our estimates of B0), we

obtain Pinit = 1.9 ms (B0 / 10
9 G)6/7. For the value

of B0 calculated above, we get Pinit = 6.6 ms;
that is, even if accretion had proceeded at the
Eddington rate, the pulsar would not have been
spun up to its present spin frequency. This is
also the case for the other such “anomalous”
MSP, J1824–2452A (16); for all others, we have
P > Pinit. A possible explanation is that for these
two objects, M and I do not correspond to the
assumptions above. If, for example, h = 0.15,
M = 1.8M⊙, and I = 1.8 × 1045 g cm2 (30), we
obtain B0 = 3.6 × 109 G and Pinit = 4.7 ms. A
second possibility, suggested by Eq. 2, is super-
Eddington accretion (more precisely, Ṁ > 1.6
ṀEdd); this can happen for nonspherical mass
accretion. A third possibility is that the value of
B0 was smaller during accretion (resulting in a
smaller Pinit), and that B0 has increased since
then. This has been observed for some normal
pulsars (31); however, there is no evidence of
such behavior for any other MSPs.

In any case, the conclusion that Ṗ ≅ Ṗobs im-
plies a characteristic age tc =P / (2 Ṗ) = 25million
years. This is likely an overestimate of the true
age of the pulsar, particularly given that Pinit is
likely to be similar to P. Thus, J1823–3021A is
likely to be the youngest MSP ever detected; only
J1824–2452A might have a comparable age.
Because of their large Ṗ s, both objects will be
observable as MSPs for a time that is ∼102
shorter than the ∼100 “normal” radio-bright
MSPs known in GCs. Statistically, this suggests
that, at least in GCs, anomalous high B-field
MSPs like J1823–3021A and J1824–2452A are
forming at rates comparable to those of the more
“normal,” radio-bright MSPs.
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Fig. 2. Fermi LAT g-
ray count map above
100 MeV for J1823–
3021A during the on-
pulse (Left) and off-
pulse (Right) regions,
as defined in Fig. 1. The
6° by 6° region is cen-
tered on the pulsar po-
sition (cross). The map
was adaptively smoothed
by imposing minimum
signal-to-noise ratios of
13 and 16 for the on-
and off-pulse regions,
respectively. The large
circle indicates the tidal
radius of NGC 6624. The
small circle shows the
99% confidence region
for the location of the
g-ray source.
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Gamma-ray bursts
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GRB

GBM: 8 keV - 40 MeV
LAT: 20 MeV- 300 GeV
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GRB

Broad energy range!

Ryde et al. 2010

10 keV                          100 MeV

Axelsson et al. 2012
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GRB 090902B
Time resolved spectrum (11.608-11.880 s)

Clearest detection of photospheric emission in a burst

= 0.55 +/- 0.16 

FWHM < 1 dex

Ryde et al. 2010

Ryde et al. (2010) Zhang et al. (2010)

CGRO BATSE

Ryde (2004)
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GRB
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GRB

Axelsson et al.  2012

Blackbody
(photosphere)
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Dark Matter

vals are then obtained by requiring 2! lnðLpÞ ¼ 2:71 for a
one-sided 95% confidence level. The MINUIT subroutine
MINOS [33] is used as the implementation of this technique.
Note that uncertainties in the background fit (diffuse and
nearby sources) are also treated in this way. To summarize,
the free parameters of the fit are h!annvi, the J factors, and
the Galactic diffuse and isotropic background normaliza-
tions, as well as the normalizations of nearby point sources.
The coverage of this profile joint likelihood method for
calculating confidence intervals has been verified using toy
Monte Carlo calculations for a Poisson process with known
background and Fermi-LAT simulations of Galactic and
isotropic diffuse gamma-ray emission. The parameter
range for h!annvi is restricted to have a lower bound of
zero, to facilitate convergence of the MINOS fit, resulting in
slight overcoverage for small signals, i.e., conservative
limits.

Results and conclusions.—As no significant signal is
found, we report upper limits. Individual and combined
upper limits on the annihilation cross section for the b "b
final state are shown in Fig. 1; see also [34]. Including the
J-factor uncertainties in the fit results in increased upper
limits compared to using the nominal J factors. Averaged
over the WIMP masses, the upper limits increase by a
factor up to 12 for Segue 1, and down to 1.2 for Draco.
Combining the dSphs yields a much milder overall in-
crease of the upper limit compared to using nominal J
factors, a factor of 1.3.

The combined upper limit curve shown in Fig. 1 in-
cludes Segue 1 and Ursa Major II, two ultrafaint satellites
with small kinematic data sets and relatively large uncer-

tainties on their J factors. Conservatively, excluding these
objects from the analysis results in an increase in the upper
limit by a factor $1:5, which illustrates the robustness of
the combined fit.
We recalculated our combined limits using, for the

classical dwarfs, the J factors presented in [35], which
allow for shallower profiles than Navarro-Frenk-White
assumed here. The final constraint agrees with the limit
from our J factors to about 10%, demonstrating the insen-
sitivity of the combined limits to the assumed dark matter
density profile.
Finally, Fig. 2 shows the combined limits for all studied

channels. The WIMP masses range from 5 GeV to 1 TeV,
except for the WþW& channel, where the lower bound is
100 GeV. For the first time, using gamma rays, we are able
to rule out models with the most generic cross section
($ 3' 10&26 cm3 s&1 for a purely s-wave cross section),
without assuming additional astrophysical or particle phys-
ics boost factors. For large dark matter masses (around or
above a TeV), the radiation of soft electroweak bosons
leads to additional gamma rays in the energy range of
relevance for the present analysis (see, e.g., [36,37]).
This emission mechanism is not included in the
Monte Carlo simulations for the photon yield we employ
here. While massive gauge boson radiation is virtually
irrelevant for masses below 100 GeV, our results for the
heaviest masses can be instead viewed as marginally more
conservative than with the inclusion of radiative electro-
weak corrections.
In conclusion, we have presented a new analysis of the

Fermi-LAT data that for the first time combines multiple

FIG. 1 (color online). Derived 95% C.L. upper limits on a
WIMP annihilation cross section for all selected dSphs and for
the joint likelihood analysis for annihilation into the b "b final
state. The most generic cross section ($ 3' 10&26 cm3 s&1 for a
purely s-wave cross section) is plotted as a reference.
Uncertainties in the J factor are included.

FIG. 2. Derived 95% C.L. upper limits on a WIMP annihila-
tion cross section for the b "b channel, the "þ"& channel, the
#þ#& channel, and theWþW& channel. The most generic cross
section ($ 3' 10&26 cm3 s&1 for a purely s-wave cross section)
is plotted as a reference. Uncertainties in the J factor are
included.

PRL 107, 241302 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending

9 DECEMBER 2011

241302-5

• A combined fit of observations of Milky Way 
satellites has set upper limits on the cross 
sections for 4 dark matter candidate particles

• check out Oscar Stål’s talk at 12:10
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γ-ray bubbles in 
the Milky Way
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γ-ray bubbles in 
the Milky Way
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γ-ray bubbles in 
the Milky Way

Possible explanations: a relic of a jet or gas 
outflow from a burst of star formation
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AIM:

Fermi and multiwavelength observations of 
Blazars: AGNs with relativistic jets

 To Understand
- Radiation mechanisms
- Jet physics
- Black hole/Jet connection 

>1000 gamma-ray AGNs detected

- Gamma-ray sky maps every 3 hours (Fermi)
- Radio to X-ray monitoring and follow up obs. 

OBSERVATIONS:

M87
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Gamma-ray Radio Cross correlations
First solid proof of correlated variability
of the gamma-ray (inverse Compton) 
and radio (synchrotron) emission

Spectral changes
Systematic relation between spectral 
hardness and flux

Many new results on blazars, E.g:
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Summary
• Fermi is working excellently

• 5 more years of operation

• main Swedish contribution:

• paradigm shift in GRB

• upper limit measurements of DM

• important recent Fermi results: cosmic fog, 
gamma ray bubbles, MSP formation in GC


