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the GeV sky

@ 5 years with the Fermi Large Area Telescope

@ whole sky every 3 h

@ > 2000 sources + interstellar CRay emission + extragalactic background
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2 years of data: 1873 sources

‘ unassociated

binary
PSR
PSR?
SNR/PWN

- AGN

glob. cluster

AGN?

galaxies
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(¢) F. Acero & H. Gast

TeV Galactic survey by HESS
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Sunday, 22 September 13

and pulsar wind nebulae (PWN) j
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@ CRays in HI: N(HI)
dNcr
dV
CRays in Ha:
@ Y ’ X — N(Hz)
X 9~ wW(co)
s .

@ CRays in dark neutral gas, as traced by dust

@ Galactic inverse Compton
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i @ at GeV energles ISM confusion with angular resolution > 0. 1° '

® confused neighbours in the Galactic ridge Nolan+ 2012 ApJS 199, 31
® un-modelled diffuse excesses filled
with sources @
® uncertain source properties because of S @)
the underlying background |<_,: &
_ =
Q)
- © atTeV energies: background estimation
g in a ring around the source —
. . . @
® no sensitivity to extended sources = 1° 2 S
= z
< ~
= =
3 (—5' <,
1 (=)
o)
S “
= z
=
. 5
Q) &= |
v 0.2 0.3 0.4 0.5 0.6 n:l.IT u.la u.ls : : : , /l
;E‘E 30 28 26 '
i GLON (deg) b
7 O = 50% containment PSF radius > 1 GeV *,
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VER J2019+407 o . ' VER J2016+371
(SNR shock) / v (Pulsar Wind)

VER J2019+368
(Unknown)

TB 80/B1951 In Gal plane
not in Cygnus

b Jhu 158

-
I

*l

4

+
- MR
I..

[ e B
i '-
L]

TeV J2032

VER J2032+415 g g MGRO 1908+06
(Pulsar wind) " (stay tuned)

% Cyg X-3
* (Not seen at TeV)
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identification IF

® timing signature (pulsations, orbital variations, flares...)

HESS J1912+101
® morphological correlation at

another A (shell SNR, PWN,,...)

S Pulsar\s /'
& 3 "Sdegrees \.
$ @ characteristic : ()

spectral/morphological

evolution (ex: PWN)

Feb. 19 to March 9, 2010

E 2-10 TeV

PSR J1301-6305

Nova Cygni 2010
(V407 Cyg)

\

Pulsars

pt

March 10 to 29, 2010
HESS J1303-631
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plausible association IF
® single counterpart & SED consistency
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Y ex: HESS J1843-033C in Scutum with SNR + PWN-like + radiogal

HESS J1843-033C

Chandra 1-7 keV
G29.37+0.10
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Lo GeV gallery AN

@ 15 extended sources or associations with SNRs
including 4 young historical remnants
middle-aged one often interacting with surrounding clouds

Tycho SNR @Y, oop RX J1713.7-3946

CTB37A

Vela Jr
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TeV gallery A

shell SNRs

RX J1713.7-39.47
HESSJ1912+101

HESS J1731-347

Name Diameter Agé" Ly
(pc) (ky) (1033 erg/s)

RXJ0852.0-4622 6.8(34) 04(5) 0.26(6.4) 224
HESSJ0852-463

RXJ1713.7-3946 17.4 1.6 2.04
HESSJ1713-397

RCW 86 11-28 2.5
HESSJ1442-624

SN 1006
HESSJ1502-421
HESSJ1504-418

HESS J1731-347
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- @ non-y-ray information
mandatory to constrain

the ambient gas density

(for m° and brem. emissions)

® often in X rays
® opt+Ha for evolved SNRs

-
~
’
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signature of freshly accelerated nuclei?
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hadronlc emission preferred”

@ in very young SNRs

VERITAS

VERITAS

10° = 10°
(7]
10° Suzaku an 102 Suzaku
(&)
Fermi >
10 < 10
%
2
ar
w

E° dN/dE (eV.cm?. s")

® ex: Tycho e/p>102

e/p =103

2 2
10 = [ -~~~ Synchrotron 19 =77 Synchrotron
10-3é -~ IC on CMB 103é "= ICon CMB
= = | ---- Bremsstrahlung
| "~ Bremsstrahlung 4 ' 3 C n,decay
4 L . ' d 0
10 E Sum '-‘ ', 104E—5um _
10.5 ' Y Y Y Y N Y S N N N Y | .".I P Y S Y S Y | .; L 10.5 | T Y Y S Y | .'f .1":I ' Y |'| -':.l PN Y S Y | .Il}"nll L
10° 10° 10* 10> 1 10° 10° 10° 10° 10° 10" 10%10" 10° 10° 10* 10° 1 10* 10° 10° 10° 10° 10% 10"10"
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@ in middle-aged SNRs interacting with clouds (OH masers)
® ex: convincing spectral evidence in W44 + 1C443 (previous slide)
® other possibilities = W51C, W49B, W28, CTB37A, G349.7+0.2 (very distant)

= {a) Pn:m—decasrr dommated -
— 10 = —=
b E 3
@ in isolated evolved SNRs E 1k
> E =
® ex: Cygnus loop e L e —
. . W = (b) Brems domlnated =
IC unfavoured because it requires a low i 10, g
. . W =
gas density at odds with opt+X data 1
£’ {c:) IC dominated
10 g
- ; E{(,"’\ ,/‘.'.__.
107° 10~ 10° 10 TSI
5/"{ Energy (eV) "f//

N4

>
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\Q important use of the thermal X rays V.U
! to give an upper constraint on the ambient gas density 10-3
; thus on the y(n°) yield )
® ex: RXJ 1713 Ellison+ 2010 10
16
0 107°
i i
0. : . _!"-—1':.\-.: 3
M°-dominant A N =
~~ ' N % 107°
" 105 i \ 2 0.01
= F7 \ l W
> L/ ixed t%/I \.\ o 10
@) / \ -
E. \ o~ i
Ll \ w 10
= Inverse Compton \
% B-Field ~ 10 pG \\ | 105
10—67 ——e+—— HESS (Aharonian et al. 2007) 1
Z ——— Ellison et al., 2010 \ -6
B ——— Ellison et al., 2010 \ 10
———— Zirakashvili & Aharonian, 2009 3
- | — Zirakelzshvili&AhaJronian, 2009| 10”7
10° 10* 10° 10° 10’ 10°
Energy [ MeV ] 1 0-8

57
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(\’3(70%?\ DQr\

Q Y-ray luminosity increases
® with age ?

® &/orwithnigm T2

@ GeV SNRs are radio bright
® esp. for SNRs near clouds

(esp. for SNR near clouds)

compressed shock in radiative filaments?

® large scatter among young SNRs

Q TeV SNRs: large scatter with age

Radlo vs 1- 100 GeV Fqu

<2 kyr oId SNR
SNR impacting cloud

107"k new extended candidate

Flux 1-100 GeV (ergcm~—2 s71)
=
L
«
«
«
®
«

v
v
v
10 l)_- v ¥ v
| . , T
I v

¥V 99% upper lim.

’ ‘1'0':13 ] ‘1'0'112
Flux 1 GHz (erg cm~2 s~ 1)

A e a1
_15 10—11
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CNACI

. VO\E)\.)Q

RO OGS
3 ﬁm/?@%gom 9\%\ \JC
L;@ young SNRs are harder in Y rays

!
e escape from slower shocks ?
o lower Emax with age ?

|
|
:
:
|
|

@ no spectral link between the syn+y

| e => sampling the same electron population,
!
: but different parts of the SED ?
S : :
- o sampling nuclei vs. aged leptons
with different spectra ?
3
10 Radio vs 1-100 GeV Index
3.0 F
- [ = 20+1
o 3.0
o ® # — 4 Y opbfem
= =
~ 25
3§ S
g g
- Z
5 %)
- o5
- S
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1o b %
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> Radio Index «
A e

Sunday, 22 September 13

IR . W, e B

eSO O
v/ @\ \L 2B/ Al
T -

\‘\\“,?\\:]{ .

10 _.Age vs Index
30
o+
g ¢ | - =Y
S 25 —9—_ S 4
. Srags s >IN I
- ¢ —O “
. o/ o— v 8
2.0 — S
+
-
c
©
15 b g f
7 8
O
<
10! 10? 107 10* 10° 10°
Age (yn
@ interacting SNRs softer than expected from
protons with the same spectrum as electrons
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< 2 kyr old SNR 2

SNR impacting cloud
new extended candidate
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10°
O escaped CRays ¢
® particle ageing inside ?
—~ 10"
@ main drivers R
. £
® decrease in shock speed s
> 10
® increase in ambient density Ch
: . LU
® increase in Alfven wave S
. © 10"
damping by neutrals S
10° i . 107
W28N
W49B
3 102 e + W51C + .
L —t ]
% CTB37A% + l
t IC443 .
X 10| ! A, t :
o W44 ]
> ;
8 t | Tycho W28S
o 10
©
5 |
2 CasA
RX J1713.7-3946
10_1 3 \L ]
10'2 L . L e i i
0.1 1 10 100
Dermer & Powale 2012 Age (kyr)

OQDf . '

oS

credit S. Funk APS 2012
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Aval o

= * W51C
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© Alfven wave dissipation
® wave-wave interactions
® ion-neutral collisions

=> Emax decreases with age

@ varying diffusion properties Dism « p®
® 0.2 <0 < 0.6 provide good curved fits to
the data of interacting SNRs

Ohira+ MNRAS 2011, 410, 1577 short-time variability J
of X-rays
10F : : —————— - : —————— 10F f
reflected shock ™%
&
106 - no wave damping 110 \"
T D R PR T L L L S ) POy V
- s i y-rays w‘ |
10¢ | TR S ol 110 AT 4 ense cl
g A
g S Bohm limit in interstellar _ shocked clump/core
= 10 L ' \ ~~ ___ magnetic field 11 >
(= T +
O T -y
collisional /b ~
10° ¢ damping ' 1107
' nhonlinear SNR age
damping
10" icollisional 110
damping with SNR in warm gas
g recombination 4
% 10° ' ' S T, {
i
u_., km/s Y%
A AL Sl L BN RIS . R Uy Ty S — S WG WY,
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@ re-acceleration of pre-existing CRays
® enhanced radio + Y radiations

=> large & correlated luminosities

Surface Brightness Diagram (d-independent)
LAT (1-100 GeV) vs Radio (1 GHz)

Sunday, 22 September 13

10-5 2 m
‘| open symbols: model ﬁ%
| (for various sets of parameters)
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X
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Molecular Cloud
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Supernova
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-~ @ flat radio index (ot ~ 0.37) naturally explained o0 )
@ curved GeV =n° spectra bright enough 5.00 - . Wwsl1C .
- [ &8s * e |
| ' W44 O o
| o 1.00 3 q] qJ O * * E
| no 0.50 :__W28 q) O _:
e [ g e m"a® E o 2
2 o00f 1C443 —— ¢ w -
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E [GeV]
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highest-energy CRs escape first !

4 L r 1 Ill'l' ] L ll'lll' ¥ LB l"'l'r LJ L lll’]ll] L ELEL AL
=> spectral evolution as the CR-wave passesby  z [ R = 30 pc :
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e _ ,
i% powerful tool to measure the diffusion coefficient |  Eun (GeV)

of CRs ... once we have firm examples (Gabici arxiv:1011.2029v1)
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but uncertain modelling of the
background ISM emission from normal CRs

@ if 0.5 10° Mo uniformly distributed within 100 pc
® slow case: D = 0.1 Dism
Nesc(E) « E2¢ and Wese ~ 0.3 10°0 erg
® standard case: D = 0.1 Dism
Nesc(E) « E20and Wese ~ 1.1 10°0 erg
® fast case: D = 3 Dism
Nesc(E) « E29 and Wese ~ 2.7 10°Y erg
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W44 is known to be surrounded by a complex of MCs.
Size ~100 pc, Mass ~106 Msun (Dame+1986)

MC complex is illuminated
by a “CR halo” around W44
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® V 407 Cyg Sco 2012
® Mon 2012 (discovered in Yy rays) Del 2013

white dwarf + companion
107-10- Mo thermonuclear runaway ejecta, 400-5000 km/s, 10%4-4¢ erg

0.1-2 Yy novae yr!' (95%CL) compared to < 8 yr' in the visible

~ @ Fermi acceleration in “real time”

radio synchrotron absorbed

(free-free radio from stellar wind)

Log10{Density) (gr/cmA3)
180 16888, 142 130

Pcr + prc ™ T? = 2Y

€cR + Yredgiant 7 Y

Al AL AP NI SN R O RSP . e B2 A SESNEERN AT AT MY W
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S \[:’\Q\é\ IO RS Pony
EL Tt T AT CrRICE A
companion |period distance velocity X rays
(kpc) (km/s)
V407 Cyg red giant 90 hr 2.7 3000 yes
symbiotic
He/N nova
Mon 2012 KV 7.1hr 3.6 2000-2500 |yes
classical
; O/Ne nova
. [sco 2012 ? 497 no
- |classical nova
Del 2013
CO type? August 14th 2013
3 i
. .{L;J,"f{
iAot S et AR RO s e B e’ A M SRR AN .W,mav,;\uir"\‘t?’\‘v?i
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Nova Mon 2012

® rise over days PRELIMINARY

1010+

® decline over 2-3 weeks .

:
@ similarities in spectra f
® soft & curved 8 .-:
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'@ acceleration by shock wave (free expéhsion + Sedov phase) but aspherléél

R e e A /AN KO

8

N

P

® test particle approximation + equipartition B upstream + Bohm diffusion

® Enax(p) from age < few 100 GeV
® E..(e) from IC losses < few 10 GeV

(small) anisotropy effects on IC yield

swept-up stellar wind not dense enough
=> matter accumulation around white dwarf
® large injection early on (fast rise)
® acceleration drops when shock exits the zone

(week Log10(Density) (gr/cmA3)
. -18.0 -16.8 -16.5 -14.2 : -13.0
decline)

AU

Time: 0.000 days

~ @ thermal X-ray constraint on swept-up density
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k! ermal efficiency .. o1
. ® [Con nova light dominates £ ' o ‘ :
| nova Pion decay Average over 15.0 days
important spectral test in y rays < 100 MeV Inverse Compton (red giant+novo)
® 10% of nova energy in nuclei, 1% in electrons ¢ - .
O 107k -
o : ] 3
10-5: ......... [Pt e T ] % P
Pion decay 0.1 = 100.0 GeV 1 O, S
Inverse Compton (red giont+novo) g x -
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10-8L1l. : - Pion decay Average over 15.0 days
fo A B o = 10 Inverse Compton (red giant+nova)
Time (days) N
£
. . . . L th I { 107" 94 o
@ if high non-thermal efficiency —nen—thermal - g g g S
. . . E 0 g
® n° emission dominates nova e 3
X ()]
® but CR pressure feedback on the shock !! - |
x - 1 =
- @ problem with other novae: not so dense winds - =
mass reservoir for injection and for n° production ? o a8
1072 107" 10° 10' 102 100 5
@ why other recent novae un-detected ¢ Energy (GeV) ’
VY,
- we only see the fastest ones? g
A e T A AL AP DAL SN RIS ORISR . Wm0 A SRR OSSN S N ARSI W

Sunday, 22 September 13



