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Detectlons MSH 15- 52 Vela- X Vela Jr =
revived » T. Nakamori PKS 2155, HESS 11303-631, HESS 1804
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MILAGRO:
new analysis

» J. Goodman
» L. Dury

Crab:

150 in 6 years
(3 years with outriggers)
Median energy ~20 TeV
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The emerging
VHE gamma-ray sky
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SNR

IC 443

RX J0852-4622 / Vela Jr
RCW 86

RXJ 1713.7-3946 / G347.3-0.5
w28

Cas A

seen by
MAGIC

CANGAROO, HESS
RESS
CANGAROO, HESS
HESSs

RX J1713.7-3946
viewed with H.E.S.S.

» L. Drury

» D. Berge

» B. Katz

» I. Moskalenko

Galactic cosmic-ray accelerators
1) Supernova remnants




Radio/IR image
W28 @ 2-3 kpc

35 - 150 kyr age
Brogan et al. 2006
20/90 cm VLA

MSX 8 micron

_.APOD 2006/06/02

Radro/X ray |mag'e;.._f_..'_ (¥ &
IC 443 @ 1. 5 kpc

; ~30 kyr age

i

MOST Radio image

RCW 864@ 1-3 kpc
~1.6-10 kyr age
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* Protons interacting with cloud(s)?

H.E.S.S.
W28

B W28 (Radio Boundary)
4

;\E\. Brion

Pulsar/PWN

IC 443
MAGIC 5.7c arXiv 0705.3119
VERITAS 7.1c Humensky, ICRC 2007




RCW 49:

Stellar Winds as Cosmic Accelerators
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Star Formation in RCW4 Spitzer Space Telescope *IRAC
NASA / JPL-Caltech / E. Churchwell (Univ. of Wisconsin)  ssc2004 -08a

WR20a:
Two ~70 My WR stars
in 3.7 d orbit




RCW 49:
* Stellar Winds as Cosmic Accelerators

| HESS J1023-575
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ARA 467, 1075 (2007)
also M. Butt, Nature 446, 986 (2007)




G21.5-0.9
Chandra / H.Matheson & S.Safi-Harb

HESS J1833-103
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Galactic cosmic-ray accelerators
2) Pulsar wind nebulae




Best studied:
the Crab Nebula
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ST EGRET

Crab seen also by
MILAGRO
Tibet AS-y
ARGO YBJ

Turn-over of SED
starts to be visible

ar ~100 GeV
MAGIC arXiv:0705:3244
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Source size @ 500 GeV < 1.6




PWN

as seen by
H.E.S.S.

y-ray sources

are

1 extended
O(10 pc)

1 displaced
from pulsar
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MSH 15-52

PSR B1509-58
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Kookaburra K3/Rabbit
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Rabbit
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Hydrodynamics simulations
of PWN inside SNR

F{}rward Shock

Contact Discontinuity 4

/

Reverse Shock Pulsar wind Shock

PWN Shoc

£

-

Displacement due to pulsar kick ?




Hydrodynamics simulations
$ of PWN inside SNR

... Similar effects due to inhomogeneity of ambient medium




Gislzoti: Latitude {deg.}
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H.E.S.S. study of 435 pulsars in the Milky Way
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5 of 7 Pulsars with
spin-down energy flux
E/d? > 103> ergs/kpc?

(©) detected; no signif.

detections below 1034

(o)

O(1%) of spin-down
energy loss goes into

VHE gamma rays
(give or take a factor of a
few)



X-ray PWN discovered in VHE sources

HESS ]11640-465 HESS J1813-178
Funk et al., astro-ph/0701166 Funk et al., astro-ph/0611646

TeV source

XMM X-rays | '/ /)

Color¥
XMM X-rays—

Radio shell
Helfand et al., astro-ph/0505392
Brogan et al., astro-ph/0505145



Galactic cosmic-ray accelerators
___4) Mystery sources
* _ and Cygnus region

- F -

}.;

v,}
= r

Radio image
Y. English
APOD February 18, 2002




Declination (J2000)

clmatien (J2000)

D

Examples of sources
without compelling X-ray / radio counterparts

HESS J1427-608 HESS J1626-490 HESS J1702-420
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“Dark sources”

What are they?

(a) Sources “without” electrons: (b) “hidden” electrons?
E GRB remants (Atoyan et al.) e.g. HESS ]11616-508
. ' | o 107°¢
E E-2 electron
. - spectrum with
~ cutoff, B=5 pG
E 10"
O C
~ L
(0)] -
9 B .
Igl —
m 10"25—
. E: t h/060847
B Old supernova remnants 0y astroyph/
(Yamazaki et al.)

B Stellar clusters / stellar winds 103"
1010207 1 101021031041051061071051091012011101%?1:1&“
/ OB assoc. nergy [e



Galactic Latitude (deg)

Where it all started: Cygnus region

JEG J2022+4317

JEG J2035+4441

84

Cygnus Region

80

78

JEG J202T7+3429

76 74
Galactic Longitude (deg)

72

(@fe] (o] gYot=] (=
EGRET diffuse
emission

based on
Beacom & Kistler
PR D75 (2007) 083001

70 68 66



TeV 12032+4130 and

MILAGRO
Aldo et al. ApJL 658, L33

Galactjc Latitude (degrees)
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MGRO J2031+41, MGRO ]J2019+37

IBET AS-y

» M. Ohishi

b |
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Sa22 MAGIC 6.0 &

S | (ICRC 2007 prel.)

§ ' 4% Crab, size 6’

S Whipple 6.1 ¢ dex 1.6

$41.8 (astro-ph/0611730)

& 8% Crab HEGRA 7.1 ¢
41.6 (astro-ph/0501667) n

MS% Crab, size 6’ : |
41.4 Index 1.9 . 'a|2' , Ifﬂ'
IEG2033+47

41.2 -

EI 1o
41 4 Cyg X-3 J2031+41
MAGIC 6.6/4.90c

sl TeV J2023+4130

20.6 20.55 20.5
RA (J2000) [hrs]

78 76| 74 72 70 68
Galactic Longitude (degrees)

MGRO
J2019+37
10.4/9.3¢c

TIBET AS-y
5.8 5 (ICRC 2007)




D =50

Unidentified: MGRO 1908+06
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Galactic cosmic-ray accelerators
3) Binary systems
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PSR B1259-63

wind interface

/ periastron 02/2004 =
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y-ray rate [1/min]
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» N. Turini
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» N. Turini MAGIC: Cyg X-1
arXiv:0706.1505

40 h in 26 nights

Night of 2006-09-24

first 76 min: 0.5¢

second 79 min: 4.9c
(4.1 o for 52 trials)

Coincident with X-ray flare
Cyg X-1

N\
BH

Cygnus X-1

2006-09-24

obs. 56 d

20"00"™ 19"59™ 19"58™




Galactic cosmic-ray

accelerators
5) Galactic Center




* The center of our Galaxy
|

Point source
G0.9+0.1
G0.9+0.1
Gallactic Point source
plane near Sgr A*

Diffuse emission
from clouds;
spectrum like
Sgr A* source




* GC source location
|

_ VLA 90cm

Position of GC
source now with —-0.02
6" syst., 6” stat. =
error (HESS, ICRC) |-

:

Consistent with — .0.04

T e

» L. Bergstrom

_ Pl
2004 (HESS) \t "
—o— 2003 (HESS)

s KK

-~ 70% bb, 30% t*t

E? x dN/JE (TeV cni? s

HESS J1745-290 (2004)

1 sigma total error circle

ﬂ""

ELIMINARY

VLA 90cm radio image
359.94 359.92




Extragalactic sources of
VHE gamma rays

1 Observations I: New sources and source types
1 Observations II: Rapid variability

1 Source physics

1 Propagation physics I: Quantum gravity limits

1 Propagation physics II: Extraﬁ.alactic background light




Observations I:

Name

® M 87

Mrk 421

Mrk 501

1ES 2344+514
Mrk 180

1ES 1959+650
BL Lac

PKS 0548-322
PKS 2005-489
PKS 2155-304
H 1426+428
1ES 0229+200
H 2356-309
1ES 1218+304
1ES 1101-232
1ES 0347-121
1ES 1011+496
PG 1553+113
3C 279

Type

FR |

BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
BL Lac
FSRQ

Redshift

0.004
0.031
0.034
0.044
0.046
0.047
0.069
0.069
0.071
0.116
0.129
0.14
0.165
0.182
0.186
0.188
0.212
?

0.536

Signif.

**k*:>10

Fokok
ok ok
ok ok
ook ok
5.5
ok ok
5.1
5.8

kb ok
kb ok

7.5/5
6.6
ok

9/64
oAk
ok
ok ok
ok ok

~8 (trials?)

» N. Turini

New sources and source types

Discovered

HEGRA
Whipple
Whipple
Whipple

MAGIC

TA
MAGIC
HESS
HESS
Durham
Whipple
HESS
HESS
MAGIC
HESS
HESS
MAGIC
HESS/MAGIC
MAGIC

optical trig.

optical trig.



The most distant:
MAGIC - 3C 279 (z=0.536)

Lightcurve

Flat spectrum radio quasar (FSRQ)
Strong and flaring EGRET blazar
Superluminal motion

B > 0.99c, jet angle 2°-4° §=12-21
Piner et al, Ap] 588 (2003) 716

= 3.5¢
E
s 3
(4=
o=
g 2.5
(<]
[E]
>
L

-
- N

40 &0
Light Years

Wehrle et al., ApJSS 133 (2001) 297

Iann 1 1 1 Ia1n 1 1 1 azn 1 1 1 1 aan
Time (Julian Date - 2453000)



Sky map for
Feb 23, 2006

! o \ . ¢
1284 12.06 1286 129 1292 12.94 1296 1298 13 13.02 13.04

M. Teshima
ICRC 2007
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The most distant:
MAGIC - 3C 279
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E Significance: 6.13 ¢
ey . 1

Significance: 5.07 ¢
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100

80-220 GeV

2501

Preliminary
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E> 220 GeV

&0

Preliminary
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3.5

2.5

1:5

0.5

Observations II: Rapid variability

PKS 2155-304

bR 1z=0.116
H.E.S.S.

arXiv:0706.0797

July 28, 2006

Peak flux ~15 x Crab
~50 X average

Doubling times

67,116, 173, 178 £50 s

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Rgy/C ~ 1...2:10% s

| !
120

Time - MJD53944.0 [min]



Log vF(v) [erg em™ s™']

- 12

Source physics

Mkn 501

M. Hayashida
ICRC 2007
Preliminary

BeppoSAX

MAGIC, CAT -

15

20
Log v [Hz]

Hardness ratio

» N. Turini
» D. Paneque

Single-zone SSC models
fit bulk of data

Real model selectivity
from time dependence/
delay of X-ray, VHE-y flux
and index

T I
Jul 8

2005

sEMAGIC
- A. Stamerra
—ICRC 2007
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Propagation ph¥sics~.
-

Dispersion due to quantum gravity effeets:

.
¥

=uSotption: visible/infrared light
accumulated by all
stars in history of Universe
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Propagation physics I:
Quantum gravity limits

I

EQG c

4
10

3
10

2
10

I I.IIIIII|~‘

Blanch et al.
Astropart. Phys.

19 (2003) 245

| IIIIIHI

EQG =M P
Redshift z = 0.03
e Redshift z = 0.1

Redshiftz=0.3
Redshift z=1,2,3,4

1 10

10

2

10

3

10
AT(s)

F{0.15-0.25 TeV) [omi® 57

F{0.60-1.2 Te¥) [om?s") F {0.25-0.60 TeV) [em® s

F (1.2-10 TeV} fem?® 5%

» S. Wagner
» A. Sakharov

Mrk 501,
MAGIC, astro-ph/0702008
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Propagation physics I:
Quantum gravity limits

At ~ € bz — ¢ E L MAGIC Mrk 501, arxiv:0708.2889
"Loc Hy T Eoa c Eq ~ 0.03 M,

S10°¢ Eqc > 0.02 Mp
3 F Blanch et al.
% - Astropart. Phys. - HESS PKS 2155, ICRC 2007 prel.
< - 19 (2003) 245 EQG > 0.04 MP
10 =
- Whipple 1999, prL 83(1999)2108
I Eqg > 0.005 M,
e SR8 Eqa=Ms GRB X-ray limits:
DR 4’ “““““ Redsniftz =0 Eqs > 0.001..0.01 M,
i 74 - Redshift z = 0.1
1{)2 ; ---------- Redshift z = 0.3
Rty ... but in most scenarios
I ,.I' | 1 IIIIHI L 1 IIIIII| | | IIIIII| [N At ~ (E/EQG)a’ (x> 1

P 2 . ) » VHE gamma rays even better
10 1 0t P Mrk 501: Egg > 310 Mp, a=2



3C 279 spectrum at >0.2 TeV
should be very VERY steep ...

exp™
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-In-1§_+..|r—6.:
D
C
)
ml:*: —h‘:mmw \
rrivoaevoL | 2=0.536 L
EL L (3C 279) |
10 Lol i il Y R O W 1
107" 1

1
Energy Pl’ eV)

Log vF, [erg cm™ s7!]

Propagation physics II:
Extragalactic background light

Shape of multi-TeV spectra
probe EBL slope at mid-IR

A 1101-232 1.7x
T T T T T T I

W. Benbow
(prelim.)

W 0229+200 O 14264428 0.22x
T T T LI T

[
T
fref et —— 00—
D
S
—E{dy .
,J.:P-H"WO“
=0

% :

PR E
i TH.E.S.S.

SN 1ES 02294200 __




Propagation physics II:
Extragalactic background light

,"'F“ 102 _I_ == == | I I =DIEEEN | ]
o I D Mazin, M. Raue -
™ ~ arXiv:astro-ph/0701694 ]
; | | (no EBL spectrum assumed) _|
= [ Universe more tran parent
> for gamma rays ma——N
| Jnets NE 5
vy H.E. ;»: S.| d i T
100 iESEIEhi -232 - =
I | Weak a|ssumpL:|ons N
= on IEBL spectrum _
B ' Lower limit from =
- - galaxy counts a
OPTICAL NIR
1 |:I | | =[] I| | | | ===] I| | | === I|

10-1 1 10 102
A (um)



Object classes with upper limits:
B Dwarf galaxies & DM
B Starbust galaxies (NGC 253, M83)

® Ultraluminous IR galaxies (Arp 220)

Galaxy clusters (Abell 496, 2029,
3667, 4038, Coma, Perseus...)

B GRBs

MAGIC: 23 follow-ups of GRBs

HESS: 17 follow-ups, 1 prompt GRB
obs: GRB060602b

MILAGRO
AS-y

Limits often not far from predictions
But no strong constraints on models

(yet)

Coma Cluster

0.5-2.0 keV




MAGIC 11
Mid 2008

Longer-term future

1 CTA Observatory
1 AGIS

1 HAWC

1.

» L. Drury




