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. 2008 Jun 11 11:45 ED
Launched by Delta-IlI""

from Cape Canaveral Air Force Station
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 Altitude 550 km

Inclination 25.7° &2
orbital period 95 min
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eem _Large Area Telescope
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Pair conversion telescope

ETracker : silicon strip detector NESEsy NN
— gamma-ray direction -

- - Background rejection:
Anti-coincidence

HCalorimeter : CsI(TI)

Photon Direction:

—> gamma-ray energy Silicon strip Tracker 7 :

Detectors

BAnticoincidence shield
— background rejection

20 MeV - 300 GeV
Large FoV (2.4 str)
All sky survey every 3 hours

Energy: Calorimeter
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ermi LAT performance

—— Total
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« Data are promptly public
 Dataset and response updated in 2011 (Pass7)
— Improved effective area in low energies
— In-orbit calibration of PSF
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http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm

Integral sensitivity for 1 year (E > 10 GeV) : ~ 0.05 Crab (Atwood+09)




EGRET All-Sky Gamma-Ray Survey ( > 100MeV)
Credit: EGRET team
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Jes Fermi 2 years

1873 sources

Credit: NASA/DOE/International LAT Team
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o No association o Possible association with SNR or PWN
~ AGN i Pulsar A Globular cluster
#* Starburst Gal & PWN = HMB
+ Galaxy © SNR * Nova

arXiv:1108.1435

Abdo+, ApJS submitted
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Jz@ver 100 gamma-ray pulsars

CGRO psrs Gamma-selected radio-selected MSPs

http://www.nasa.gov/externalflash/fermipulsar/



Supernova
remnants
Pulsars 4%
6% _

What has Fermi found: The LAT two-year catalog

b\""'\

Globular clusters,
_ high-mass binaries,
Non-blazar "

| normal galaxies
\ | and more
active galaxies —_

1%

1%

MW follow-up efforts
by Waseda group

Credit: NASA/Goddard Space Flight Cent



"1

e Suzaku follow-ups (high-b

@) : _
11333545056 O J1312.6+0048

J1739.4+8717 - ke D) 11231421410
- 0J1311.7-3429

O O O J2017. 3+O6030

12043 2+ 1700 O '
J0106.7+4859 J1902.0-5110  J1743.8-7620

J2302.8+4443

Selection Criteria

*Unassociated objects

*More than 10 degrees away from the galactic plane Maeda+ 11
*High significance >> 10 ¢ Takahashi+12




Maeda+11

Bin Time: 450.0 s
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e Flux ratio population

G
/ Space Telascope
« Clear separation between blazars and MSPs

« Can be agood indicator of source classes

* Most of our targets are predicted to be MSPs
B X ]
N X |
VE RS N
L 5% e ] e -
© el Nl X:blazars
E é ? IF(iLJI333.1+SDSh$%§< Y >><\:<>><< X ><><§
c) E - ) e 7]
B al 10° = & ‘*@@ =
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-% - i
= e ol E
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10” 10" 107 102 10! 1

l:"2- 1 Uke‘v’fF(}_ 1-100GeV

X-ray/ gamma Takahashi+12



T vear “hot” results

 Will be presented at the upcoming ASJ meeting
« Papers are also Iin preparation

MW observations of 1FGL J2339.7-0531

— a candidate of black-widow like pulsar
(Takahashi+, Yatsu+)

See also Kong+12, ApJL, 747, 3

Systematic X-ray study of Fermi unassociated sources
at high Galactic latitudes (Maeda+)
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seom - SUzaku follow-ups
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- J1839.1-0543c¢ s e

Selection Criteria

*Unassociated objects

Less than 10 degrees away from the galactic plane TN+11.

*High significance >> 10 ¢ Fermi Symposium
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i Space Telascope
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Non-thermal point source
/ Photon index ~ 1.7

pulsar ?

3 107k |~ Xiso -
A i — X3 | MEKAL
£ 107 — — XIS1
3 = v | powerlaw_
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Mg line map

5x10" 1 2 3 4 5 ?E 7 8 910
nergy [keV]

Diffuse emission from thin thermal plasma
Significant He-like Mg line emission
An additional power-law is highly favored

Type Il SN ?
TN+11,

(incl. continuum) Fermi Symposium
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= New gamma-ray binar

’ Space Telascope

| T T T T TTTT T T 1 TTT : 1 T : T T TTTTT |
G o REP
50x1071% - % P — o )
T i Lo - - - - photons em™~ &, making it one of the
o Do Periodic Emission from the Gamma-Rav LAT sources. The source’s location a right s
IE | - . cension (R.A =101 . declination (decl)=
[ 0 2000 ’ ; .
N 16 ] [ B FGL J ﬁ ~58% 56,30" (J2000; +1.8", 95% uncertamty) moans
— 4.0x10 — 5 i [ | l“arv 1 1018' 5856 th s close to th tie: plane (h=-1.77),
. [ . . . .
— ' [ marking it as a good candidate for a binary sys-
o o 48 o The Fermi LAT Collaboration* tern. IFGL J1018.6-5856 has been noted to be
Ll g 00 05 10 15 20 [ positionally coincident with the supernova rem-
E 3.0%10_16 — Phase i i i — Gamma-ray binaries are stellar systems containing a neutron star or black hole, with gamma-ray ~ nant G284.3-1.8 (12) and the TeV source HESS
P o emission produced by an interaction between the components. These systems are rare, even though  J1018-589 (1), although it has not been shown
c . binary evolution madels predict dozens in our Galaxy. A search for gamma-ray binaries with the  that these sources ually related.
] o Fermi Large Area Telescope (LAT) shows that 1FGL J1018.6-5856 exhibits intensity and spectral T'he modulation at a period of 16.6 days has
E [ modulation with a 16.6-day period. We identified a variable x-ray counterpart, which shows a sharp @ power mare than 25 times the mean value of
o 2.0x1076 | oo maximum coinciding with maximum gamma-ray emission, as well as an O6V({f)) star optical the power pectum and has s m prob-
f [ counterpart and a radio counterpart that is also apparently modulated on the orbital period, 1FGL  @bility of 1. -IIU s t.!ll'l"'_’- mio 3 -‘\“‘““ the num-
(] [ J1018.6=5856 is thus a gamma-ray binary, and its detection suggests the presence of other fainter ber of sttistically independent frequency bins.
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g . ! Foouns ittt Tt ciomie_suse iy
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1-10 GeV I I I ;00 1FGL J1018.6-5856
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Swift/XRT Swift/lUvVOT

1.6

' 16.6 days period

|
0.0 0.5 1.0 1.5 2.0

Orbitel Phase Companion O6V star



| Blackbody (0.07keV)
+ power-law ~ 2.3
) \
E + T Xiso [ blackbody
. T | — XIS3
:‘g 10 ; | :—T—W:Fﬁ" + st —powerl‘aw
- — ' Ll
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£ e
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21— 7+‘|> _‘_ j% +*TLT: \ 4{$ﬁ
5x10°1 1 2 3 4 5 E?lergya[kg V1]o

pulsar candidate ?

Yet periodicity has not been identified in any WL

TN+11,
-0.16 Fermi Symposium



p

'f SEprleamp.n
16 SNRs including —
4 young SNRs + 43 2FGL candidates

9 interacting with MC
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T Cosmic ray origin

 Cosmic rays
— energy density 1 eV/cc
— averaged confinement time 2E+7 yrs (1E+14 s)
— Galactic disc : 30 kpc x 300 pc
— 1E+40 erg/s

e Supernovae 5. 10 ——_ knee-
— 1E+51erg <2 s honfita,
— 1 SN/30 yrs z S0t B __
— 1E+42 erg/s EaE %
b & 102 zpouns
S & 2 Tion Sh bt {
" S Yotk t{]
10 + = Sydney 1
a few % of SNe are enough L {

1011 1012 1013 1014 10]5 1016 -1017 1018 1019 1020

Promissing candidate E:Energy of Nucleus (eV)
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Jeem Accelerated electrons
SN1006

'I@-‘P' ﬁ mi%'g;{{%gg
| "ﬁb;}%* f’?i ?g;"* t 3
%l'?-g-; A EJEJ l% ‘fufﬁ)
e Y B Ei'@»“"‘ﬁ,f4
31 §t? da 2
sk B EY RSN 2;
CEAi el i 1%
R IR
Bamba+(2003) : i : 2

Fujiwara (1230)
Discovery of an electron-accelerating SNR (Koyama+95)

Inner region: thermal emission from ejecta

Outer shell : synchrotron emission = e- up to 100 TeV

Accl. sites are very thin filaments at the shell (Bamba+03)
Common in young SNRs

RX J1713-3946, RX J0852-4622, Cas A, RCW 86, etc. etc.
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pion decay
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> Energy

|C gamma rays
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JzerNature should be more complex..

SynChrOtron I | L L I | LI I | L I | L I | L I 1 bremSStrahlung
(a) tage—lxlosyrs '
5‘- 10
: 10- |
L 10- 12 o ’, \‘ -__.-""--.*1
E 10-13 / ’}:_‘ ‘\ ' 3 Inverse Compton
'E 1n_1 4 i, fl \l‘
sync:h(.j from | ;”,..- ,“ |‘ Broms from
secondary © J ¥ y \ secondary e
10—17 I ] fll ] I ] | I-'fl 1 1 11 V-\,l [ | I ] | I‘I!

-10 -5 0 5 10 15
Log,.{E/eV)

Yamazaki+06 Pion decay

Many parameters...
And time evolutions...




ASCA (X-ray) H.E.S.S. (VHE)
Age ~ 1600 yrs, D ~ 1 kpc
2"d example of SN1006
— Non-thermal X-ray dominated (Koyama+96)

Detection of VHE gamma-rays
- CANGAROQOO, H.E.S.S.

Morphologies are quite similar between X-ray
and VHE, supporting leptonic scenario
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Je=r _ EXpectation for Fermi

Pre-launch simulation

wo  wess | %[ EGRET Funk+08
. ! EGRET 1 b o E B
510'” 7 i
Lj:'“'“ -L-'I'Ji. 10
3 =
yo-13 Ly i
/ Tu _
Log(E/eV) w
Tanaka+08
1 :—,"
N == =0 |nverse Compton
. . — LS
Hard to explain leptonic model A e  GLAST hadronic 5 years
. A GLAST =leptonic 5 yvears
with Suzaku data - HEss oo
'1D'1 1 L1 1111l 1 1 ||||||| 1 1 ||||||| 1 |||||||| 1 ||||||||
. . 4] g 10 1 12 13
LAT covers crucial energies 10 10 10 10" 10 10

I : E A\
to constrain the modeling nergy (eV)
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Uchiyama+(2007) Chandra

Variation in ~1yr time scale
— Need > 1mG ! (locally)

— Protons produce TeV gamma-rays ?

rguments

Ellison+(2010)

102 Hadronic model

10 AT
S 1
%’ \ Synch
(8]
o 0.1
{l Thermal |
u
§ 1072 = =
O 4p2 Leptonic model
o
7]
N
o
E 10
o
4

1
Thermal
0.1 —
10-2 L e aal 1 1 | P
0.5 1 5

Energy [keV])

Suzaku would have detected thermal
emission in the hadronic case



’l

e LAT observation

’ Space Telascope
Abdo+11

= =

0 »

@ e wg 10°
S. 45 "
é g 10
g3
§ Source A I 10

E>500 MeV
o 5
Q

2600 2580 256.0
Right Ascension [J2000, ded]

Disk / HESS-template are statistically favored

Hard spectrum (I" ~ 1.5)

Well fit with leptonic models (B ~ 10uG)

How to reconcile with the strong B-field ?
Efficient proton acceleration possible ?

E°dN/dE [ MeV cmZs-1]

—_
Q
il

10®

-6

P

— m Fermi LAT (24 months)
— o+ HESS (Aharonian et al. 2007)
Berezhko & Voelk 2008

Ellison et al. 2010 (xOdominated)
Zirakashvili & Aharonian 2010 (nodominated]
Zirakashvili & Aharonian 2010 (Ic;rrU mixed)
Ll 11111 Ll L 1111l

il il
10* 10° 10° 107 10°

Fnarew I Mo\ 1

L T T 1T

— = Fermi LAT (24 months) |
— e« HESS (Aharonian et al. 2007) \ I'.
— —— Porter et al. 2006 \ |

|
—___ Elison etal. 2010 (IC dominated) \

Zirakashvili & Aharonian 2010 (IC dominatelti)

10°

10* 10° 108 107
Energy [ MeV ]

10°
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RX J0852.0-4622 (Vela Jr.)

« Age 1700— 4300 yrs
D ~
R ~
Discovered in ROSAT hard image
Non-thermal X-rays

Detection of VHE gamma rays
- CANGAROO, H.E.S.S.

750 pc (further than Vela SNR)
1 degree

fillamentary structure with XMM
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e Vela Jr. with LAT

SE\-.‘P Telescope
v
Tanaka+11

i{cﬂ}
44.0 w10 | \\
0.5 i \
| § I,' '-_
= 1= r_; I. m
" i . . ; .
— ﬂ-“- ? : _"- .|_ II-'II III
S -46.0 > P '. Vo
Q2 = P '
= T T O .
$ w010 ’ \
02 5
-48.0 o= . -t—}- Hj'
0.1 10=12 | o A
0 =5 ] 5 10 15
138.0 136.0 134.0 132.0 130.0 128.0 logg(E/aV)

RA [deg]

Hard spectrum : [ =1.87 &= 0.08 (stat) = 0.17 (sys)
Hadronic model :

a large amount of protons (5E+50 erg for n = 0.1 /cc)
Leptonic model :

weak magnetic field (12uG) against X-ray filaments
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':I-le_ ma-ray

" B
Abdo+10 Giordano+12

Cas A Tycho
Type la

D~3 kpc
Age~440 yrs

D~3.4 kpc
Age~330 yrs

Galactic latitude

Galactic Latitude (deg.)

Fermi-LAT - Above 800 MeV

s 110

120.300 120.200 120.100 120,000 119.900

Galactic Longitude (deg.) W~1 E 49 erg VV~1 E5O erg " Galactic longitude
T T T T [

' ' ' = 10°E
@ g
o’ of
10-10 L _ £ 10 Suzaku
g ] 3 = /F\ Fermi
— 10
- g A \
= Fermi—LAT = 1L-Radio
w -1 T E VERITAS
D 3 MAGIC 3 T E " ™
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g i 1 =
“ | B 2
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g 0712 T E L[| IConcCMB ] S \
- 3 10 E—-—- Bremsstrahlung N A . "1|
- Ty decay : - ' oy \
10* =|— Sum . . o !
=t E S IR R Y Y VIO OV U R R Y Y IV R O R RO R
F | . | . | 3 10° 10° 10* 10 1 10° 10° 1¢° 10° 10° 10% 10"10°
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600

800

1000
[countsideg?]

0 200 400 600 800 1000 1200 1400 1600 1800
[counts/deg?]

Mld -aged SNR + MC : W44

Age 20000 yrs

D~ 3kpc

35’26’

Cloud-shell interactions
« CO

« OH maser

* Mid-IR (shocked H2)

LAT detection
 Extended emission

* Ring-like morphology
« PSR B1853 negligible

Abdo+10



,} %ﬁiﬁ?ﬁiﬁim W44 S Q € Ct rTUm

Red vertical bars: 1-o statistical errors
Black vertical bars: systematic errors
m ecay
:.—' Whipple
(]
) I HEGRA &
E 10~} . 1034 3
o 1 l L
.
S, °
% 12
10712 11033
Abdo+10
10_13 ............. e, v .
108 1010 1012 1014

Energy [eV]
Spectral break/steepening around a few GeV

Hadronic model : works well
Leptonic model :

— bremsstrahlung can’t reproduce radio
— IC requires 1E+51 erg electrons
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/ Space Telescope
« Age 30000 yrs
« D~6kpc

10~10
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vf, [erg em™2 s7']
w
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o
1 T

HIll region
R.A. 107

Spectral steepening
Hadronic model : works well
Leptonic model : not favored as well as W44
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’ Space Telascope
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2.7

Spectral steepening
Hadronic model : works well

Abdo+10

10 phcm™2s'sr!

Spectral steepening is a common feature
among mid-aged SNRs interacting with MC

L [deg]



/l

Jeem Origin of spectral steepening
1 Possible explanations:

1. CR diffusion to dense clouds :

Blastwave Runaway CRs (e.g., Ohira+10)

2. Re-acceleration at a radiative cloud
shock with wave damping due to

2.

Wave strong ion-neutral collisions :
damping Crushed cloud model (Uchiyama+10).
3. Further accelerations at multiple
+
Reflected reflected shocks (Inoue+10)
3 shock

Studying SNRs with large apparent sizes
can help to disentangle the origin of the spectral
features from the difference of gamma-ray
bright regions among the models

Drawings by Katagiri



horm Runaway CR model

Ohira+10

Fesm| ——
Whipple
HEGRA
o Milagro
E Model ——
z !
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o
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uﬁ s 0T
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Works well, but do they fully explain radio brightness ?
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gz W28 could be the case

Abdo+11
o o
SES - S
g “'Radio S
c c
4 —23:.0000 @ Wab S
m m
= E
< I £
2 2

. &
!!!!!

-
e

- —24:00:00

18:04:00 18:GIG:EIEI 18:04:00 18:00:00
Right Ascension (J2000) Right Ascension (J2000)
. . . I L |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.1 0.2 0.3 0.4 0.5 0.6 0.7

[counts/pixel] [counts/pixel]

Southern excess correlates not with the radio shell but with MC

Though we don’t know whether the distance is consistent
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Uchiyama+10
Molecular Cloud ==== Synch Eucondury) =s=s 1%—decay
1078 & ceeeee Synch (primary) —+ =—--—- Brems Esacondury) —
|[synchrotronradio] [ | - Brems (primary)
~ —+
|1'r“-decay v-ra:fs] 'n W44
S 10710
Supernova E
[&]
Remnant Radiatively-compressed o
filament of CRs & B-field o
o 10012 L
mi-decay =
y-rays
Escaping
CRs 10~ 14 '
10=7 1076 1075 1074 1073107 108 109 100 10"

E [eV] E [ev]

Re-acceleration of Galactic cosmic-rays at cloud shocks
explains both radio and gamma-ray fluxes
GeV break may be related to Alfven wave evanescense



ez Cygnus Loo

DEC (J2000)

320 |

31° 4 B i PSR J2043+2740

I

1FGMJ2057 4+3057

Il -10:00:00.0

_ e LR "+ 1FGL J2116.1+3338
30° e g, 10
i e i W "
, S - -12:00:00.0 PSR Jglgs+25
S _ 11 FGL J2115.5+2937 “
20° - | 4 1 4
~Levenson+98 | s
20" 55™ 50™ 45™
RA (J2000) ~ 78:00:00.0 74:00:00.0 70:00:00.0
Age 20000 yrs T
R ~ 1.5 degree * 4 point sources are cataloged

No MC correlation « Offset from the Galactic plain
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et Com arlson With Mwlma es

iSp e | eles

Declination (J2000)

Katagiri+11




zev_ Cygnus loop spectrum

/Sn Tel !
Katagiri+11

. = (aj Pién—cllecaly dominated -
'm | ] -“—_‘10§_ =
o i = =
5 ; 1}/,:1/\ _
> 10:_ _: E :u } } t t } } t t } .
L B 14 — (b) Brems dominated -
w B n % 10 =
o] = n F
—— | i TI.I —
5 1=
T o'

- - = (c)IC dominated

102—
_1_ | o . o . o - 1;4"’\
10 1 10 10? P, N W SR

Energy (GeV) 10° 107 10° 107 10"
Energy (eV)

Spectral steepening as well

Hadronic model : interaction with ISM (n ~ 5 /cc) naturally
reproduce the observatons

Leptonic model : IC requires n~0.02 and B~2 uG



< ermi Emission region and scenarios
Katagiri+11

 Correspondence among gamma rays, H alpha and X-rays

— CRs responsible for gamma-ray emission are localized
near the acceleration site

« Lack of association with dense MCs

— CRs are localized near the acceleration sites without
significant diffusion

— Runaway model excluded by morphology

— Multiple reflected shock model (Inoue+11) might operate
since such shocks observed in X/Opt despite dense MC

— Crushed cloud model may work, though expected
fillamental structure is not resolved in gamma-rays



Jeem _Spectra comparison

B ®» W51C
o IC443 Funk+(2010)
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;SE::;;;::;LSNR detection summary

[ -

Young

ged

Middle-a

Probable Molecular Cloud Interaction

Fermi-detected SNRs Index ! Index2 | Eg . (GeV) Age (yrs)
Casssiopeia A —2.1=0.1 -2.4 = (0.2%*F =100 330
Tycho —-23=0.1 -2.0=0.5%* - 438
Vela Ir. -1.9=0.2 -2.1+0.2%* - 680
RX J1713 -1.5=0.1 -2.2+0.1%* - 1600
Puppis A -2.0=0.1 - - 3700
W49B | —2.18=0.04 —29=x0.2 48=1.6 1k-4k
CTB 37A —2.28+0.1 -2.3+0.3%* - 15007
C391 —2.35=0.16 --- - Tk
G349.7+0.2 —2.0=0.1 --- - 14k
Cygnus Loop | -1.83=0.06 -3.23+0.2 24=0.3 20k
IC 443 —1.93=0.03 —2.56+0.1 3.3=x0.6 3-4k or 20-30k
W30 —2.1=0.1 —2.7+0.1 24+1.2 25k
W44 -2.1=0.1 -3.0=02 1.9+0.5 20-40k
Ws51C —1.97=0.08 -2.44 = 0.09 1.9x0.2 ~30k
S147 —1.4=0.5 -2.5+0.2 1.8=0.8 30k
W28 (N) (and G6.5-0.4) | —2.09=0.36 | —2.74=0.15 1.0=0.2 35-150k (40k)

I for Power Law or 1; for Broken Power Law

**from VHE measurement
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 Fermi LAT is operating well over 3 years

« 30% of 2FGL catalog sources remain their nature
uncertain

« MW observations is really a powerful tool to probe
such objects

— Several interesting sources do exist !
 LAT has identified 16 SNRs
— LAT observation triggered theoretical studies
— “Spectral shape” is not enough
* Pion bump should critically constrain the modelings.
— We'll soon explore E<100 MeV with reliable analysis.



