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the y-ray sky above 1 GeV

@® 4 years with Fermi Large Area Telescope
@® whole sky every 3 h
@® > 1870 sources + interstellar CRay emission + extragalactic background

- May—
——

/
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e y-ray discoveries

y-ray binaries

young & ms pulsars, wind nebulae
o solar flares & B,
9*9\@ CRay interactions Ak
interactions NG -
(,
S, . spectrum
((:b(&.\\ — e* spectrum

y flashes
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«.  2FGL source catalogue -4

s! !

1873 sources

-

binary

0.2 %
PSR

6.2 %
PSR?

0.4 %
SNR/PWN

4.7 %
glob. cluster

0.6 %

~ AGN
4 45.9 %

AGN?

17.6 % galaxies
0.5 %
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“athousand v-,rayrq'uasa'rsx& =

> |
=

10-9 T T T T T I| I| I| I| I| I| I| I| I| I| I| I| I| I|

v Fy [erg cmi? s1]
=

| II|I|II| | ||II||I| | |||III|| R

).

"y

Yi
1071 N A [ A I O I T ST A N NSO I AN N AN HO T HN T '

FSRQ ‘ less massive Bhole 10" 102 10" 10'® 10 107 102 102 10%
very high dM/dt

radiogal

R e ~ia ‘~¢

/4-@¢.

&Q.&)
‘ ”0\‘.~ .tl g
O &
> -.£

radio-
galaxies

AGN

Bl Lac massive Bhole NLS|

blazar type!?
high dM/dt P
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conStr'éihian bIazar's-'SEDs}

Planck

3C 279

Log vf(v) (erg cmA-2 sA-1)

LBL/LSP

( ..§.§(k; SED builder

16 17 ' : ' 25 26 27 28

Log frequency v (Hz)

(& low synchrotron peaked
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conStr'éihian bIazar's-'SEDs}W

Planck

U
-
=3

|
r-
P

I
—
ro

1
—
w

IBL/ISP

I
—
4

S5 0716+714

Log vf(v) (erg cmA-2 sA-1)

!
—
(¥ )

A

- |
@_@SEDbunder
8 9 10 11 12 13 14 1S 16 17 18 19 20 21 22 23 24 25 26 27 28

Log frequency v (Hz)

(@ intermediate synchrotron peaked
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conStr'éihian bIazar's-'SEDs}W

Planck

HBL/HSP

MKN 421

Log vf(v) (erg cmA-2 sA-1)

( E.?d‘—;; SED builder
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Log frequency v (Hz)

(& high synchrotron peaked
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e,

...suggestlons of blazar sequentes

«® - & e

« the jet |n Sync rotron « the Jet N y rays
48 - | BL Lac ComptOn d0m|nance = Lpeak V/ Lpeak syn
FSRQ -
47 - :::: :I '*% E ° FSRIQS | E
© Fermi RG] 3 - <.3 BL Lacs 9
‘I:_‘ 46- {° 1025_ AGUs - ‘i
o ) T 53
D 45~ ’ g G E
2 5 £ 10F o 156
{ a4- gt S
+ o,* g ol ° 3 ng
b 43~ ﬁ;h@' decelerating jet? & 10°g 5 ;qpo 0 ERED
A log Ple; : S i eow@@éo 5 2
| = <435 L &, o &5 o NG
42~ " 435-445 10 %ép@ E
@S‘a 445455 F o 00" :
41- = >455 . O T,
12 13 14 15 16 17 10" P10 107 10"
Iogvpuk [HZ]
N ® the brighter iny rays...
3 ® the softeriny rays ...
g ® the faster the jet ...
£ ©® the more Compton dominated
+
& ® the more variable in y rays ...
|
® the lower the synchrotron peak energy ...
® the fainterin X rays ...
©® the brighter in the radio ...
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(@ SSC models fail to explain most LAT blazars

T T T T T
FSHQs
L - BL Lacs
. l ¢ 0O Uncertain type
ol = o0 - :
L] .
op
.
— .
§
%
"f-- <
ad
® Hacdio sample
C Fermi sample
™ * BAT sample
[ RASS sample
, ) 1 N 1
12 14 16 18

Log(v®,...)

(@ origin of the few GeV breaks ???
(Xdisc + BLRiines) + €jet 2 Y
with KN cutoff?
Y + VBLR lines > €*
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Giommi et al. 2012, arXiv 1108.1114

;. SED mﬂo’d’el.l'.ing. difﬁ.'cul_tiés.}w

(@ one-zone models cannot explain 8 blazars

® ex: AP Librae (LAT + HESS)

:I__| §| IE N
o = 4 o
£ B 1 N
(8]
910'11 — —] :-2
r) — - (/)]
"l ] :
T B 1 €
3 B 1 ©
21072 g =
w = 4 <
B o |
10" =
10 E
= 3 =
_Il 1 1 1 1 1 Ll 1 1 1 II_
10 10* 102 1 10®> 10* 10° 10® 10" 10'10"
E [eV]
107 ]
I~
|
....... “ @-
LT .""-‘.5,, ' 1 %
'..,*‘én . ! -
o~ e <
E 3
0 | T
=10’ ol { +
g ‘. ! '8
-
10.11\ paal 1 L I |
10° 10
E (MeV)



= y-ray source location? -+

(@ outside the broad-line region?
® PKS1510-089:
intense radio + vy flare in Oct. 2011 FSRQ ‘
= D =7-17 pc outside BLR '

FRII o=~ *béw’@

(Orienti+’12, arXiv:1210.4319)

® 4C+21.35: Pl 0 {s 0
10 mn flare up to 400 GeV (MAGIC+LAT) 4B ‘D
=y +y = e* absorption if inside BLR B &1
. Q
(Aleksic+ 2011) - il
FR | = 2 BLR
: T o “ -1pc
(@ rapid variability far from the black hole? 9 &

@ jet recollimation
© jet B reconnection

@ neutron transport
o 7
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/. e -

VF | [erg cm™2 s
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..
e e

blazar varlablllty

= common syn + |C emitting pairs

@ the brlghter iny rays, the softer the more var|a e & larger ampli ude of variations

l0g(vS,,, [Hz])

10‘9E — T r l—:1048
54678 E: 54897-54900 MAGIC (2006Feb) ]
A: 54682-54728 F: 54950-54960 t’
B: 5478954809 -5 ) +
10_10 C: 54827-54877 H: 55240- 55319 "o‘. 104
= D: 54880-54885 n = y
: . “ r % =
$ NN K + —
o’r ¢ o + ‘ @
10-1 | .o \ ‘}?\ -~ {r - 1046 0’3
¢ N ¢
¢ . —
@
10-12 & : z - 104
1018 1| ! \ | ) ) | \ \ | \ \ | \ | \ \ 1044
10° 1012 1015 1018 102 1024 1077 Ackermann+2011 ApJ 743 171
Frequency: V [Hz] 1 1 l 1 1] 1 1 ] ] 1 ] " 5 | 1 ] 1] 1 1 l 1 1 | 1 1 1 ' 1 1 1 1 4 ] 1] | | s ' 1 1] 1 1 I 1 1 1 I_‘
72% .
“ . ” 10‘ é— (1] —E
more “brownian” changes = : 37% S
slightly longer x [ e 41% i
. T L °
timescales TR -
more “flickering” £ Faer ) . o -
.g —.. ‘ - .‘ .. 17 /0 -
k- a =
.‘z‘ —..: 4 .’. . .~ .. < . -
/ o . . > r o:.".‘.z o L ° &
(@ duty cycles: 5-30% of time with 10° g;:jt,s ° S 3
n 990/ i s. o g ® B =
F>F+4 150+ o Cm; f;r;.!jf;&‘ """""""" “o";;';‘.ﬂ,é.’";;“' g
_~$ o B ° o o? ..::~ ‘.O -
(@ often correlated opt-X vs. y flares 5 ‘ 1 1 1 . f‘-, ¢ "c'l{c F .1'. .
125 13 135 14 145 15 155 16 165 17



y-ray radiogalaxies: misaligned agn

@® 15 radiogal. detected by Fermi
@® the y-ray luminosity scales with

that of the radio core
Preliminary Lot pestit e
E2N
%

N
<
o
N
+
@)
S
©
c
o
o

40 41 42
Log, (L, CMZ [erg/s])

@® Cen Alobes:
electron IC losses = in-situ (re)acceleration

‘CenA |

L

1degree -

J

. .200.000 light-years
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. L . o 3 . '. . i ¥ .
= Loop | & Fermi bubbles.#
- B ., &3 » . - .. . : .
130MeV - 50GeV
(@ Fermi LAT 3 years P ==
residuals above 7 e ®
gas, IC, isotropic,

& point-sources

Casandjian et al. 2009
eConf Proceedings C091122

Su et al. 2010, Apd 724, 1044
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whence ? Alv

@® 4 years Fermi > 10 GeV and Planck haze
@® cosmic rays in Galactic winds? from a nearby bubble? jets from the central black hole?
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e whence ? A

@® 4 years Fermi > 10 GeV and Planck haze
@® cosmic rays in Galactic winds? from a nearby bubble? jets from the central black hole?
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e whence ? A

@® 4 years Fermi > 10 GeV and Planck haze
@® cosmic rays in Galactic winds? from a nearby bubble? jets from the central black hole?
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Ackermann+‘2011 Apd 743 171

(@ y-ray background light

25% foreground uncertainty
other sources?

CRay halo? DM xx - vy halo?
UHE CRays + EBL >y ?

Ackermann+2012

soft to BL Lac
1044
5 7.8 10.5 12 Gyr
Rl 1 l L 1 A L l 1 L L ) | l 1 1 L 1 l L 1 ) | L l L L 1 1 l 1 | L 1
0 0.5 1 1.5 2 2.5 3 3.5
RedShiﬂ 'r' VT 11 [ 1 1 T | B | I‘I] I HEBR I IIL
7 :
‘-'U) g ]
e 10° ] l 4_‘t—+——+—*——+—w»——*—
. « —3 i — —
(@ jet activity and duty cycle S F ’1’“’—F‘:¢:—_—f— | + =
. . . @ B -
feedback on intergalactic scales = g it )
: % FSRQ Ly
and galaxy accretion Z10¢F . —+ =
. . T rmm = BLLacs—+-+
BHole growth linked with galaxy .= S &t -
. " wsPe > Parg +
evolution . SR, +
-5 . S —]
10 radiogal “ s =
 —— . 1 ‘ 111t 1 | 1T
10° 10° 10° 10° 10°
Energy [MeV]

lundi 17 décembre 12



v-ray attenuatlon by anuent sta‘rllght

« difficult measurement because of |ntr|n5|c spectra oreaks &

variabili y n sources

absorption compatible with minimal starlight based on resolved galaxy counts

peak SFR atz> 10 and < 0.5 M© yr! Mpc3

incompatible with high formation rate of pop Ill stars

FE —
—

I llllll]

I

10 R

] Illllil

]

1 lllllll

- Pop-Wi + Pop-lil (peak z=10)
Y g

) L] Ll L] L Ll ]

Fermi best fit - 1 sigma
Ferml best fit — 2 sigma
Minimal pop-¥il SFR level (Franceschini ot al, 2008)
Pop-Ill peak SFR at 2=8
Pop-lll peak SFR at 2=10
Pop-Ull + Pop-ll (peak z=8)

z~2.0

llllllll 1 Ll L LL.."

-
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.
Ll L] T L ' L 1

] L\l L] 1 T 1

— Franceschini et al. 2008
-------- Dominguez et al. 2011

~ Kneiske et al. 2004 -- highUV
« o100 Kneiske et al. 2004 -- best fit
z2<0.2

] 1 ) 1 T 1 T L] T T l T 1

0.2<z<0.5

Energy [GeV]

Ackermann+‘2012, Science
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= the twinkling y-ray sky AD

® 117 pulsars with 1.6 ms to 0.46 s periods

® 1/3 radio + y emitters, < Myr-old isolated pulsars
® 1/3 y only emitters, < Myr-old isolated pulsars

® 1/3 radio + y Gyr-old ms pulsars (many binaries)

Fermi LAT y -ray pulsars
s 2 < .
, R =
- > - . » 73
v ¢ B ’

Ry -
. \ ‘

\\ : W s SRS A

originally discovered in .yrays O, radio A, Xrays E
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0533467

J0605+37

J0102+4839

Nancay (France)
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JgYOT+7443

40 new mnlhsecond pulsar

-
11630+37

©

11816+4510
; 1174541017

o ©

11810+1744

12302+4442 j2043+171i
O 1221443000 2’

o Ol.'-)h)}.a

12129-0429
2234+0944

*0
1002340923

o .

GMRT (India)

GreenBank (USA)

]1301+0833
O 1114240119

O O

J1312+00571231-1411

o

J1551-06,

J1302-32
O O 11124-3653

O

3 62832 " w
" (0] '11514-4946 . 11203-5403

J1658-5324
J1902-5105
o J1902-70

O

- |2241-5236 J0101-6422

0] O

*

Parkes (Asutralia)

0621425

Effelsberg (Germany)




PSR J1311-3430

@ first blind-search y-ray ms pulsar
@ very compact system (Porb = 0.065 day, Mcomp > 8 Muupiter)

—h
(&)
(@)

—
o
o

Weighted counts

AR )

i
c
-
o
o
=
a
c
S
Q
o
=
i
c
S
Q
o
=
%)
c
-
Q
o
=

W. c.

Pulse phase

Pletsch+2012 Science 25/10/12
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accelerator in the outer magnetosphere

P1 * 12 "‘\/ C /
/ /
‘\ | _> fF /

leading " leading

E*dN/dE (ergcm?s™)

. Energy Band Fits

Abdo+2010, ApJ 713, 154

Maximum Llikelhood Model

Energy (GeV) Sl
railing

. trailing
\ \

- = -
%t) 4 s’ - 3
7 - .
‘N © =
ol = ¢
X~ m vo' ! s
o 2 ~ | -

Q
.E @ \ ~
| — / 11 .

- / .
‘EU o r o/ < leading '+

] .
ol o - Y
X T \
) 4 _ s
<< — ‘

Pulsars with One Peak

- = Q"?*o'—‘f'u

0.0 0.2 0.4 0.6 0.8
Radio Lag (4)
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= evolutionary trends

1037

| (@ unexplained evolution in the
. extraction of the dynamo power

107}
as the pulsar slows down

(@ the older, the harder in y rays

Ackermann+2013, PSRCAT?2

o Radio selected LAT pulsar
n Gamma selected LAT pulsar
A LAT malksecond pulsar

1037 1638

w
&)

W

o

p—
ow
Y]

N
Ul

N
=)

=
U1

Photon Index

=
L

o
U

LAT radio-loud pulsar

Ackermann+2013, PSRCAT?2

LAT radio-quiet pulsar

LAT millisecond pulsar

0 10 20 30 40 50
1038
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Accelerator 3 "

1(7 &

dlffuswe shock x;;.:? =

s

acceleratl . n

. -
'

:
R 4
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gallery of GeV supernova remnants

® spatial correlations of multi-GeV electrons and y rays inside remnants ?
® electron ageing inside remnants

Tycho SNR @Y,

oop RX J1713.7-3946 W49B

Ve

CTB37A
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sighature of the Lt‘.’ bump.?f 0
S . s L L

Preliminary

—
Q
=)

-

o
-
-

Best-fit broken power law Best-fit broken power law
Farmi-LAT

Fermi-LAT . o VERITAS (Acciari et al. 2
AGILE (Giuliani et al. 2011) | MAGIC a,‘bg:'g{;?‘;ooe?w’
«“-decay AGILE (Tavani et al. 2010)

0
Bremsstrahlung édecatyr hi
1 1111“[ 1 i 11111-[ 1 1 1111‘11 p | e Ung

1111111] 1 i 11111[ 1 lllll"l 1 lllll"l‘

10° 10" 10" 10% 1 10° 10" 10" 10"
Energy (eV) Ackermann+ 2013, Science Energy (eV)

E® dN/AE (erg cm? s™)
E® dN/AE (erg cm? s'))

TTI”TI

Preliminary

1 049

-
=
o

.| Illlll]

LB 1””]]

—
Q
o

1 1 llllll|

b TTI!ITI

T IlT.lﬂl

\‘? 1
: B
——— Derived Proton spectrum * [ I
2 VERITAS (Acciari et al. 2009) : "
° MAGIC (Albert et al. 2008)

|

(618) Ip/NP .3 Wnoadg uojoid

.

)

Gamma-ray flux E? dN/dE (erg cm? s™)

V1T

A xx“nl A A lll‘l'l A A llLLAll L A lelLll x\xl Allllil
10° 10 10" 10" 10"
Energy (eV)
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CO"ECtIVEpr'Operhes +

1057 Luminosity vs Diameter”

(@ luminosity increases with age (nism T ?)
@ esp. for SNR near clouds

(& SNRs are radio bright
~ © esp. for SNRs near clouds

® compressed shock?

Luminosity 1-100 GeV (ergs ')

_+_

Radio vs. 1-100 GeV Flux RX J1713-3946

Ackermann+2013, SNRCAT1

10? 10°
Radio Diameter” (pc®)

(S
|

[

[

< 2 kyr old SNR
SNR impacting cloud
new candidate

Flux 1-100 GeV (ergcm—2s7 )

Ackermann+2013, SNRCAT1

Ak il " U S S 't

10T e N 10‘l13 ldilg
Flux 1 GHz (ergcm—2s7)
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A
Al
credit S. Funk

(@ GeV breaks Wa1C

20,000 yrs W44
= escaped CRays ? o 0y RX J1713.7-3946

.-‘-F- ..'.
Cas A

. .~
,f‘

“‘i

A e *-9.___ \‘\'
AT

5
30,000 yrs "h&

b

x 3
.-':“
?‘ ‘-*ﬁ: il
= End
I - -

)

—_—

S
3

P L

=man
at
-
o

E? dN/dE (erg cm™ s
o,

Luminosity vs Index

] lIIIIIIl ] IIIIIII| | IlIIJI:“l ] | llII]"'ll ] IIlIIIII,“" ] IIIIIIII E‘:I
10° 100 10" 10'? 10" 10"
Energy (eV)

[
<
ot

Luminosity 1-100 GeV (ergs™!)

Ackermann+2013, SNRCAT1

31 1 1
oy 0.0 0.5 . " 2.0
Index 1-100 GeV

-
o
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Lo mini-supernova shock waves

@® nova V 407 Cyg
® 1037 J, 44 Mkm/h shock
@® 1 to 2 novae per year

Abdo+,2010 Science

Feb. 19 to March 9, 2010

] !
e >

Nova Cygni 2010
(V407 Cyg)

15

Pulsars"
T \.

March 10 to 29, 2010
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>

K
o"
L A

" the total ISM -

LAT counts minus sources and isotropic

Fermi LAT diffuse model

scale: log(counts)

Planck et al. 2011, A&A 536, A19

-5.3

Planck+IRAS d

wik

-2.0

ust optical depth
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i .I-.I']~_.'emi's's.i.v'i"cy.s.pECtrum:.< 1kb£ e A

..- :l ‘e d ”‘"_'

N, (Lb,E,) — dco(E,)Wco(l,b) = Nig(Lb,E,) = > = Nj(l,b,E,) = qur(E,)Nui(l,b)

jsources

o le SR

1 1000
o 10°E '
, 2 -
(@ CRay spectrum T -
wn
outside the solar system @
) ) 2> 102
consistent with s -
near-Earth measurements € B mimimreeieiana,
: 3 e T
+ solar demodulation £ - . . ... N
w 25 . ~, -
g 107 .. ~.
w : ¢) T S T~ - -
= measures of the b “s.,_ GcR¥HL - el
— ecrtHe '~ S
SOIar mOdUIation 10-28 M A A | 1 1 1 [ | 1 L 1 L 'l\lu_l 1 1 [
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e uhif.orr'n SPECtrum across armys -

e

~ 23 > ‘t \
" - - -~
N,
»e

@ consistent with LIS spectrum
(@ little arm/interarm contrast
=> |loose coupling with the kpc-scale surface

density of gas or star formation

-----------
____ m— —
- — -y

—h
=)
R

|

§~~
~

------- model for LIS
—e— Local arm

—h

<
N
a

"11., Apd 726, 81

—— interarm
—e— Perseus arm outer Galaxy

E2 x Emissivity (MeV? s sr''MeV)

Outer arm

Ackermann...

1 0-26 L1
102 10°

Energy (MeV
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@ at emlsswlty gradlent eyond t e Solar circ e
© large uncertainty due to HI gas mass
100 < Tspin(HI) £ 400 K
(@ CR source distribution too steep
with uniform diffusion if pulsar-like or SNR-like
source distributions, even if large halo size
© large amounts of missing gas ?
@ non-uniform diffusion?

3

2.5

N

3
d
N

Galprop halo height
20 10 4 2 1 kpc

A
\ \ S~ o

—t

L. Tibaldo, PhD thesis (2011)

o
)

IIII|IIII|I“I‘~{-L_|_‘3I‘L

Emissivity (E > 200 MeV) (10 °s-1sr-")
($)]

~ =
—_—

| | | | | | | I -
L1 1 11 1 L1 1 L1 1 1 1 | 1 1 |

2 4 6 8 10 12 14
R (kpc)

(=]
o
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= a little tour of Cygnus X AR

@ most active star-forming region at 1.4 kpc
® CGPS/IRAS 74 cm 21 cm 60 p
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e an extended y-ray excess*

' Fermi, 10 100 GeV band, smoothed 0.
total - y(ISM) total - background
- point sources

total emission
- extended y Cyg

| | | | | | | | |

-’

Glat (deq)

-10 o o - -
-15 I T T T T i T T l
85 80 75 85 80 75 85 80 75
Glon (deg) Glon (deg) Glon (deg)

(@ broad Gaussian: 10.1 o detection > 1 GeV, 10 radius = 2.0° £ 0.2°
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y/bin

[
o

40.6

10.4

0.2

Ackermann+‘2011 Science, 334, 1103



:'-:;'»' . . o 6 3 L¥. % 4 ' i .'*.- »
. a y-ray superbubble "4

) ) bounded by;\I‘DIB‘Rs
extension >> SNR or cluster sizes, smooth radial profile, spectral uniformity
worse fit with discrete point sources

(@ turbulent superbubble

log(l/(W/m2/s)) -5. -4.5 ph/bin : 0.25 0.3

Gal. latitude (deg)

Ackermann+ 2011 Science, 334, 1103

82 81 80 79 78 77 82 81 80 79 78 i
Gal. longitude (deg) Gal. longitude (deg)

CoamiRERGr i
-
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«
-

~“cocoon ofifreshly accelerated costhicrays

(@ hard excess E > 1 GeV (@ if pure pion: Eior = 1.3 10 ) = 1% Espn
' (@ ifpure IC: Eyor=410%1)

( dN, ) | dN A ‘(L5 — 2.0)
dSdtdQdE, ) ;g dSdtdQdE, ), 0

-3.5 T T ] T

>
o

&

o
n

>
o

IC(NGC6910)

- —

'
N

log(E? diff. flux) (MeVZem™@ s Mev™)
(o2}

IC(CygX)

N
(&)

Ackermann+‘2011 Science, 334, 1103

1" 1.5 12 125

3TeV 10TeV
Iog(E) (eV) electron cutoff
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an actlve "élrlock” between sources & ISM '

@) dn‘fusmn D "'E)'.ZM / 100 => trapplng

(@ what leaks out?
hard reaccelerated particles

or soft exhausted ones?
, (@ HIl & dark gas flooded with young CRays
but “normal” CR flux averaged over the whole complex
(& ionization rate in all the PDRs?

H.E.S.S.

H.ES5.5: Pre '1'ru":n'-_;?\~—)"/ ) ' ‘ J1745'290
Arches central cluster
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L 30 Dor in LMC AN

@® radioly study: Lelectrons = 100-140 pc at ~3 GeV and Lnuciei = 200-320 pc at ~20 GeV if
accelerated in 30 Doradus (Murphy et al. 2012)

Abdo...2010, A&A 512, 7

8 um PAH, Ha, X
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s'tellar.vs;,cosmic-;ay activity
' . . - . | -.',:f !

SFR (M@yr'1)
10 107 1 10 107 10°

_I llIIIIII | I|II|I|| | llllllll | IIIIIIII I llllllll I‘IIIIIIII
© LAT Non-detected (Upper Limit)
O LAT Non-detected with AGN (Upper Limit)
® LAT Detected
® |AT Detected with AGN
= Best-fit
[ ] Fit Uncertainty
[ ] Dispersion
- == Calorimetric Limit
(ESN n= 10* erg)

I IIllllll | llIIIIII
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