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Launch!
* June 11, 2008
* Delta II Heavy launch 
vehicle 
* Low-Earth orbit 565 km 
(96 min period)
* Inclination 25.6 deg 



LAT and GBM onboard Fermi 
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LAT All Sky Map (1 yr)
> 1000 LAT sources 

Milky Way (Galactic Cosmic Rays)
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Fermi-LAT Detections of Shell-type SNRs 
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DISTANCE: 3.4 KPC
AGE:  340 YR
RADIUS: 2.5 PC

FORWARD SHOCK
 (SYNCHROTRON X-RAY)

REVERSE SHOCK

Cassiopeia A Spitzer (IR)
Chandra LE X-ray
Chandra HE X-ray 



Cassiopeia A: Variable Filaments

Continuum (4-6 keV) year-scale variability  
      thermal bremsstrahlung from shock-heated ejecta
      + synchrotron component: knots/filaments brightening/decaying   10%/yr
                                                                                       (Uchiyama & Aharonian 2008)

Chandra Observations in 2000, 2002, and 2004

see also Patnaude & Fesen 2009



Cas A:  Spectra of Variable Filaments

Γ ! 2.3

Flux changes Index changes

X-ray spectra
are consistent 
with a synchrotron model

(Uchiyama & Aharonian 2008)

(Back up)



Cas A: Variability Timescales 

Decaying = Synchrotron Cooling 

Brightening = Acceleration of Fresh Electrons 

Diffusive shock acceleration 
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• Synchrotron X-ray Variability:  
(Uchiyama & Aharonian 2008; Patnaude & Fesen 2009 )



Fermi-LAT Detection of Cas A
Fermi-LAT (>0.8 GeV) VLA radio map

Clear detection (12σ)

First clear detection of historical SNR
The position does not match with CCO (neutron star)

Preliminary 



Cas A GeV/TeV 
Spectrum

(a) Leptonic 

(b) Hadronic

(a) Leptonic (Bremsstrahlung + IC)
 
         B = 0.12 mG
         We = 1x10⁴⁹ erg
             (total electron energy content)

(b) Hadronic (π⁰ decay)
 
         B > 0.12 mG
         Wp = 5x10⁴⁹ erg
              (total proton energy content)

 B-field amplification

 CR content: 2% of ESN

Preliminary 

Preliminary 



Synchrotron X-ray variability : B ≈ 0.1 - 1 mG

SNR RXJ1713.7-3946

X-RAY (ASCA) VS TEV (HESS)
Uchiyama+2007

Berezhko&Völk 2006

Gamma-ray emission mechanism is under active debate.

NON-LINEAR ACCELERATION 

SNR RXJ1713.7-3946:
Brightest keV/TeV sources

TeV Gamma: Hadronic or Leptonic origin? 



RXJ1713.7-3946: Chandra X-ray Monitoring 

Chandra (color)
HESS (contours)

Most filaments 
(spatially extended) 
are variable in time!!

Timescale ~ 1 year

Uchiyama et al. (2007)

X-ray spectra:
a power law with photon 
index ~2

B ∼ 1 mG

η ∼ 1

New observations in 2009:
   SNR expansion with V~4000 km/s Young SNR!

Uchiyama et al. (in prep.)



SNR RXJ1713.7-3946
Fermi LAT Results (Preliminary)

Fermi-LAT (significance map) LAT + HESS Spectrum 

Preliminary Preliminary 



SNR interacting with Molecular Cloud:
(1) SNR W51C

• Middle-aged (~ 3 × 104 yr)    Distance: ~ 6 kpc
• Radio shell, thermal X-ray (black contours)

Fermi-LAT Count Map (Front Events; 2–10 GeV)



The Fermi Source is “Extended” 
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W51C data

Fermi-LAT PSF

Preliminary

• Mean surface brightness (2-8 GeV) as a function of distance from the SNR center 
vs Fermi-LAT PSF (using the energy spectrum obtained with maximum likelihood 
technique) 

(NOTE) PSF of Fermi LAT depends heavily on energy. The 
PSF shape is obtained by taking account of energy 
distribution. 

R

R



SNR W51C

π⁰ decay

Bremsstrahlung

IC

CR proton sources are finally found? 

Fermi-LAT Spectrum

H.E.S.S.

Molecular cloud interaction enhances π⁰ -decay emission



SNR W51C: SED modeling

π⁰ decay  :  OK

brems  :  unlikely but not 
fully excluded

IC :  very unlikely
        (energetics) 



SNR interacting with Molecular Cloud:
(2) SNR W44

• Middle-aged (~ 2.0 × 104 yr)    Distance: ~ 3 kpc
• Mixed-morphology SNR (radio: shell, thermal X-ray: center filled)

Spitzer 4.5 um

(shocked molecular gas)

12 C  .: Low-frequency observations of SNR W44

D
E

C
L

IN
A

T
IO

N
 (

J
2
0
0
0
)

RIGHT ASCENSION (J2000)

18 57 00 56 45 30 15 00 55 45 30 15

01 40

35

30

25

20

15

10

05

Fig. 4. Image of SNR W44 at 324 MHz. The grayscale is linear ranging from 20 to 60 mJy beam−1. The rms noise level is 5.0 mJy beam−1. The
synthesized beam shown at the bottom left corner is 13′′ × 13′′ . The black plus sign indicates the position of the PSR B1853+01.

Fig. 7. (a) 324 MHz image of W44 with 25′′ resolution showing the location of the brightest filaments. (b) Spectral index map between 324 and
1442 MHz (50′′ resolution). (c) Spectral index map between 74 and 324 MHz (50′′ resolution). The 0.15 Jy beam−1 contour from the 25′′ resolution
324 MHz image is included on each panel to facilitate the comparison between spectral continuum and total power features. Only regions with flux
densities greater than 4σ were used to create the spectral index maps in (b) and (c). Both spectral index maps have the same color scale (displayed
to the right).

VLA 324 MHz

in channel 3. But channel 3 is mixed with the eastern H ii region
and other ISM emission outside the remnant. The remnant is
barely noticeable in IRAC channel 4 due to confusion with un-
related emission.

G36.6!0.7.—There is a possible shell of infrared emission
bounding the SNR toward the north, as well as a dark filament in
the north and clumps in the west and southwest. There is no clear
evidence for emission from shock fronts.

3C 396 (G39.2!0.3): Infrared emission is detected from this
remnant in three forms. First, faint, filamentary emission is de-
tected in the western radio shell of this remnant, with IRAC colors
clearly distinct from normal interstellar emission. In Figure 9
(left), the western shell appears green; a cut through the western
shell near! ¼ 19h03m56:s3, " ¼ þ05$2504600 yields IRACcolors
(<0.08)/0.2/0.69/1, suggesting emission from shocked, ionized
gas.

Second, there are two very bright infrared filaments, at
! ¼ 19h04m18:s5, " ¼ þ05$2003300 and ! ¼ 19h04m17:s0, " ¼
þ05$2700700 (each %3000 long), just inside the eastern radio

shell. The filaments are clearly separated from the recently
detected pulsar wind nebula (Olbert et al. 2003) and are located
within a region of exceptionally high radio polarization. We
suspect that these bright filaments, which are highly unusual,
are part of the SNR, which is the only known structure in the inter-
stellar medium at that location. The color ratios of the filaments
are (<0.05)/0.03/0.4/1, at a location at which the 8 #m surface
brightness is 30 MJy sr!1. These colors are similar to normal
interstellar medium, so the filaments could be photodissociation
regions (e.g., compressed filaments that were shocked long ago,
rather than active shock fronts).

Finally, there is faint, diffuse emission surrounding the entire
radio shell, with some bright, extended regions just outside the
eastern periphery. The ‘‘blowout tail’’ discussed by Patnaik et al.
(1990) from radio data extends eastward from the remnant and
wraps north then back over the top of the remnant. In the in-
frared, the ‘‘tail’’ starts with a bright region at ! ¼ 19h04m26:s0,
" ¼ þ05$2705500 that is connected to an intricate set of infrared
filaments that follow the radio structure, with the infrared region

Fig. 8.—Spitzer IRAC color image of W44. The SNR appears ‘‘green’’ in the IRAC colors because channel 2 is relatively much brighter in the SNR shell than in
the surrounding ISM (including both the surrounding molecular cloud and the H ii regions to the east and northeast).

SPITZER SURVEY OF SUPERNOVA REMNANTS 1487No. 3, 2006



Spatial Extension 
Smoothed Count Map (> 1GeV)

Black Cross: Pulsar (PSR B1853+01) location

Profile along SE-NW
Contributions from the diffuse backgrounds and 

nearby sources are subtracted

Red: Observed Counts
Black:  Expected Profile for a Point Source
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Summary 
Young SNRs

Cas A
Magnetic field: B>0.12mG
CR contents:  (1-5)x10⁴⁹ erg

RXJ1713.7-3946
Hard gamma-ray spectrum

Middle-Aged SNRs with Molecular Cloud Interactions

W51C
Large luminosity 1x10³⁶ erg/s
Likely of hadronic origin 
Spectral steepening (escape? wave damping?) 

W44
Similar to W51C
Shell-like is suggested 


