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Fermi Large Area Telescope

Pair-production telescope launched in June, 2008
Energy Range: from 20 MeV to > 300 GeV
Angler Resolution: < |° (68% containment at | GeV)

Effective Area: 8000 cm? (on axis at | GeV)
Field of View: 2.4 sr (all-sky coverage in ~ 3 hr)
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CGRO EGRET vs Fermi LAT

LAT Specifications & Performance

Quantity LAT (Minimim Spec.) EGRET

Energy Range 20 MeV - 300 GeV 20 MeV - 30 GeV

Peak Effective Area 1 > 8000 cm?2 1500 cm 2

Field of View >2sr 0.5sr

Angular Resolution 2 < 3.5° (100 MeV) 5.8° (100 MeV)
<0.15° (>10 GeV)

Energy Resolution 3 <10% 10%

Deadtime per Event <100 ps 100 ms

Source Location Determination 4 <0.5 15'

Point Source Sensitivity 5 <6x10-9 cm-2 s-1 ~10-7 cm-2 s-1

1 After background rejection

2 Single photon, 68% containment, on-axis

3 1.0, on-axis

4 1-0 radius, flux 10~7 cm™2 s~ (>100 MeV), high |b|

> 100 MeV, at high |b|, for exposure of one-year all sky survey, photon spectral index -2




ermi two-year all-sky ma

2FGL catalog contains 1873 sources (cf. 27| sources for 3EG catalog)






GeV-Bright SNRs

(b) W44




W44: Fermi LAT Spectrum

Red vertical bars: 1-0 statistical errors
Black vertical bars: systematic errors
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Spectral break at a few GeV
Tr%-decay model can explain the data well
Leptonic scenarios have similar difficulties
Bremsstrahlung: difficult to fit the radio and GeV data at the same time
IC: requires large amount of electrons (~ 10°! erg)



W44: Fermi LAT Spectrum

Red vertical bars: 1-0 statistical errors
Black vertical bars: systematic errors
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Proton Spectrum: Broken PL
si = 1.74,sp = 3.7, E, = 8 GeV
W, = 6 % 10*° (n/100 cm=3)~! (d/3 kpc)? erg

Kep = 0.01



Similar Case:W5I1C

Age: 3.0 x |0* yr, Distance: 6 kpc

Count Map Abdo+ 2009
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Contours: ROSAT X-ray (Koo+ 1995)

Diamond: CXO |192318.5+143035 (PWN?) (Koo+ 2005)

One of the most luminous gamma-ray sources L = | x 1036 (D/6 kpc)? erg s~
Spectral steepening
T1%-decay model can reasonably explain the data
Leptonic scenarios have difficulties similar to those for VW44



Similar Case:W5I1C

(a) Pion—decay dominated ¢ >

(c) IC dominated
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Figure 4. Three different scenarios for the multiwavelength modeling (see
Table 1). The radio emission (from Moon & Koo 1994) is explained by
synchrotron radiation, while the gamma-ray emission is modeled by different
combinations of 7° decay (long-dashed curve), bremsstrahlung (dashed curve),
and IC scattering (dotted curve). The sum of the three component is shown as a
solid curve.
Table 1
Parameters of Multiwavelength Models

Parameters Energetics

Model ae/ap As Dbr B ny w, W,
(GeV ¢ 1) (uG) (cm™) (10°9 erg) (10°Y erg)
(a) 70 decay 0.02 1.4 15 40 10 5.2 0.13
(b) Bremsstrahlung 1.0 1.4 5 15 10 0.54 0.87
(c) Inverse Compton 1.0 2.3 20 2 0.1 8.4 11

Notes. Seed photons for IC include the CMB (kTcyp = 2.3 X 10~% eV, Ucmp = 0.26 eV cm™3), infrared
(kTir = 3 x 1073 eV, Ur = 0.90 eV cm™), and optical (kTop = 0.25 €V, Uopt = 0.84 €V cm ™). The total
energy content of radiating particles, Wk p, is calculated for p > 10 MeV c L




Similar Case: |IC 443

Spatially extended emission detected with the Fermi LAT
Similar spectral steepening to W51 C and W44
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Gamma-Ray Production Site

Molecular Cloud

Uchiyama+ 2010

Supernova

Remnant Radiatively-compressed

filament of CRs & B-field

Escaping
CRs e.g. Ohira+ 2010




Emission from the Vicinity of W44

Uchiyama+ 2012
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FIG. 1.— (a) Fermi LAT ~y-ray count map for 2-100 GeV around SNR W44 in units of counts per pixel (0°1 x 0°1) in celestial coordinates
(J2000). Gaussian smoothing with a kernel o = 073 is applied to the count maps. Green contours represent a 10 GHz radio map of SNR W44
(Handa et al. 1987). 2FGL sources included in the maximum likelihood model are shown as crosses, while those removed from the model are
indicated by diamonds. (b) The difference between the count map in (a) and the best-fit (maximum likelihood) model consisting of the Galactic

diffuse emission, the isotropic model, 2FGL sources (crosses), and SNR W44 represented by the radio map. Excess ~y-rays in the vicinity of
W44 are referred to as SRC-1 and SRC-2.




Emission from the Vicinity of W44
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FIG. 4.— Modeling of the y-ray emission from the molecular cloud
complex that surrounds W44. Data points are from Fig. 2, but SRC-
I and SRC-2 are co-added. The SRC-1+2 spectrum (red points with
statistical errors) is attributable to the 7’-decay ~-rays from the cloud
complex illuminated by the CRs that have escaped from W44 (blue
curves). Three cases of diffuse coefficient, D>g =0.1, 1, 3, are shown.

A gray curve indicates the y-ray spectrum produced by the sea of
GCRs in the same CR-illuminated clouds.

Uchiyama+ 2012



TeV-Bright SNRs

H.E.S.S. Images

. dal
RX J1713.7-3946 RX J0852.0-4622




RX |1713.7-3946

The Fermi LAT collaboration recently published the results (Abdo+ 2011)
Spatially extended source at the location of the SNR
The extent determined by a maximum likelihood fit is consistent with that of the
SNR observed in other wavelengths

Fermi LAT count maps (> 3 GeV)
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RX |1713.7-3946

Fermi LAT spectrum: Very hard with ' = 1.5 £ 0.1 (stat) £ 0.1 (sys)
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The Fermi LAT + H.E.S.S. spectrum can be fit well with leptonic models
How to reconcile with the large magnetic field?
If interpreted with hadronic models, extremely efficient particle acceleration is required to fit the data
(proton index must be s, ~ 1.5 to fit the Fermi LAT spectrum)



RX ]0852.0—4622

Fermi LAT count maps

> | GeV > |10 GeV Tanaka+ 201 |
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Spatially extended source at the location of the SNR RX J0852.0—4622
The emission clearly detected in the high energy region (Hereafter we show results with events > 5 GeV)
Using a uniform disk as a spatial template, we obtain a radius of 1.12 (+0.07,-0.06) deg,
which is consistent with the extent observed in radio, X-rays, and TeV gamma rays



RX ]0852.0—4622

Tanaka+ 201 |
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Power-law fit to the Fermi LAT spectrum yields [ = 1.85 % 0.05 (stat) £ 0.17 (sys)
The hadronic model requires a large amount of protons (5 x 10°? erg for n = 0.1 cm™)
How to reconcile the weak magnetic field with X-ray filaments in the case of the leptonic model






Gamma-ray Binaries

Gamma-ray emitting X-ray binaries
First discovered by air Cherenkov telescopes

LS 5039 LS| +61° 303

A  ®=[0.20.3] B ®=[0.4,0.7]
HESS J1825-137

LS | +61 303 LS | +61 303

S | S 5039
HESS J1826-148

Aharonian+ (2005)

O star +? Be star + ?
H.E.S.S. detected MAGIC & VERITAS detected
Periodicity (3.9 days) Periodicity (26.5 days)



Possible Scenarios

Mirabel (2006)

Cometary radio emmission

Relativistic jets

f; Compact object

of center

Ultraviolet and

optical emission f

Accretion disk

% y-rays

‘ Microblazar



LS 5039 in X and TeV

Folded Lightcurves
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Geometry of LS 5039
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Anti-correlation between GeV and TeV flux as predicted Abdo+ (2007)



LS 5039 Gamma-ray Spectrum

Hadasch+ (2012)

:.-: Fermi, 30 months
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Cutoff energy of 2.2 GeV is too low compared to that expected
from Yy absorption (> 30 GeV)



IFGL |1018.6-5856

Periodic source (P = 16.6 days) found in | FGL catalog

Follow-up observations confirmed this source is a X-ray binary
Ackermann+ (2012)
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IFGL |1018.6-5856

X-ray & Radio Lightcurve

Swift XRT (0.3-10 keV) |
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Suzaku observation during last summer (Pl: Tanaka)






Fermi LAT Images

Aug. 2008 - Sept. 2010 Feb. 2009 flare Sept. 2010 flare

IC 443

Crab Nebula
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Crab Pulsar & Nebula

25 months




The April 2011 Flare

I 1 I 1314151617181 9 1101

Buehler+(2012)

~ 9 min time bins

n
o
&
G
~
=)
b
=
)
=
o
S
b
N
X
=
T

- Synchrotron nebula brightened by a factor of ~30
- Flux doubling time : 4—8 hours
-~ No change in pulsar flux and phase



Crab SED
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Spectral Evolution

Energy [MeV]
10° 10° . . 10°

Buehler+(2012)
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Why Puzzling?

%+ Compactness

Doubling time t ~ 4-8 hours =» Emission region < ct ~ 3x10-4 pc
(Inner ring ~ 0.1 pc)
Large luminosity (~ 1% of spindown power) from a compact region
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