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Stereoscopic observation of
Cherenkov light

Angular resolution
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SOV

Base

arison of detection methods

Gamma-ray
detection

Ground Ground
Indirect Indirect
(atmospheric (shower array)
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VHE Experimental World

STACEE

MILAGRO

YERITAS
VENTAS

AT
\:-‘-'-;p"l* -w:z»-ﬂ*

CANGAROO Il

HESS CANGAROO g

: - o

B

f

0G 1



TeV skymap
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Jim Hinton
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TeV skymap
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Class 2003

2007

PWN 1
(Pulsar Wind Nebulae)
SNR 2
(Subernova remnants)
Binary 0
Diffuse 0
AGN 7
(Active Galactic Nuclei)
Unld 2

(Unidentified sources)

11

Total 12

33

/1!

Lj]
Q
Q
L
=
Q
L]
™
[+]
.
L]
s ]
—
=
3
Z

Jim Hinton, rapporteur talk, ICRC 2007

of TeV sources
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Classified by M. Mori

sources classified

= SNRS 18
© SNR 16
PWN 14
BIN 12
GC 10
RIDGE 8
mYSC 6
m UID 4 1
= HBL -
EL O_CDIZZZUHJUQ»JA,JO(
RGL %%Eswéﬁsﬁﬁgg
= FSRQ

INID/@D

* Borders for SNR/PWN/UnID are vague...
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ur talk, ICRC 2007
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Supernova remnants

= Long consid é to k7

Galactic 'féf)
= PPros: .\i.\ b
= Energetie

G"'

s Size of

@ Cons: | v 4
= Magnetic fields 00 lo'Vv‘tgfgo beyond 1014eV
» Additional problem: adiabatic losses

Cas A by Chandra 18



Jim Hinton, rapporteur talk, ICRC 2007
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Accelerated particles and

gamma-ray spectrum
X-rays Y-rays RoNmm

TeV

Energy
Flat spectrum
0
Inverse
-rays
gamma-rays

p/e ratio
problem




SNR spectrum

Hard power-law + cutoff (?): ~E~2exp(-E/E_.,)

Electron model Proton model
RX J1713.7-3946
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Pheton energy E (V)

NO definitive answer
for accelerated particles!
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D. Ellison et al., Ap] 661 (2007) 879

identification of particles is not easy

- Solid: nH='1c:nl‘|_3: Bj Heowy: p—p
Dashed: n,=0.1cm™": B2 Light: IC
Dotted: n,=0.01crmn™>: B ==l

Fic. 12.—Pion-decay and IC emission for a range of ny and By. In the top
panel, the heavy curves are pion decay, the light curves are IC, and e = 36%
and By = 15 pG in all cases. The strong dependence of pion decay on ambient
density ny is evident. The middle panel shows IC, and the bottom panel shows pion

decay for my = 0.1 cm~*, with By varying from 3 uG (solid curves) to 15 uG
(dashed curves) to 60 G (dotted curves). For comparison to the 7°, we show in the
bottom panel the IC emission for By = 60 puG (light dotted curve). The particle
distributions producing the emission in the bottom two panels are those shown in
the top panel of Fig. 11.

L Dashed: B, 2,0

e Difficult in the GeV-TeV

[ 21oe. region if magnetic field is
strong!
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astro-ph/0601131 Y. Uchiyama et al., Nature 449, 576 (2007)

agnetic field in SNR

RX J1713.7-3946 by Chandra
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S. Funk et al., ICRC 2007

ula: energy-dependent
- morphology

0.8-25TeV .
a Shrinks!

PSR )1826-1334
*

—
[us]

« HESS J1825-137 associated
with energetic pulsar

+ Spectral steepening seen
away from the pulsar

+ Very likely this is evidence
for cooling of electrons in
the Nebula

« Seenin several X-ray PWN

+ Afirst in gamma-ray o 1
astronomy! 2 L
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S. Funk, paper 390, 30th ICRC (Merida), 2007

2hlsar nebulae and spin-down
luminosity

I 20 ATHF Pulsars

I Fuisars with X-ray PWN
I Futsars with known SNR
I Fuisars with EGRET PWN
B Futsars with HESS FWN
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Figure 3: Top: P — P diagram for pulsars: all ATNF pulsars (black), with detected X-ray PWN (brown),
with a known corresponding SNR (blue), potentially associated to an EGRET source (green), associated to
a HEE.S.S. VHE PWN (red). Bottom: Energy output for the selections used at the top.




Gamma-ray binaries

LSI +61 303 (VERITAS/ MAGIC) LS 5039 (H.E.S.S.)
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Orbital Phase

J. Albert et al., Science 312, 1771 (2006) F. Aharonian et al., A&A 460 (2006) 743
V.A. Acciari et al., arXiv:0802.2363
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J. Albert et al., Ap]J 665, L51 (2007)

gelmma-ray binary : Cyg X-1

1nary Mzp~21M,,

o vistic jet v>0.6¢: “microquasar”
E N AGIC 40hr obs.
5 4.9 seen in one 79 min. time slice

Estimated significance: 4.1c after
correctlon for statistical trials

357490

-l maGic Cygnus X-1
2006-09-24

Waighted excess events

1g9"59™ 1a758™ 1ah57™ 19°55™
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=
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=]
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B
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MJD-54000 [days)
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Mirabel 2006

( Sidro 574

~

Microquasar: particles (electrons or

hadrons) are accelerated in a jet
Bosch-Ramon et al. (2006), Romero et al. (2007)

y-rays produced in the shock
[where the wind of the young pulsar

and the wind of the Be star collide
Dubus (2006), Dhawan et al. (2006)




Aharonian et al., A&A 467, 1075 (2007)

overing (but offset

winds in the cluster?

Transition
Boundary

. L4
Radlio Ring A

8 B
Excess Events

lnner Dust
Ring

5 8 8

n
o

Westerlund®

Declination (J2000)

Radlio Ring B Bowshock

IRAS 10227-5730
—_—

WR20a

Churchwell 2004
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alactic center

HESS data 2003-2004 towards

galactic centre. (We await 2005-6 data e

agree with HESS

eagerly...)
w 107
IE :§ !'T . i, -
; e .-i--‘:-s—'—qi_ d?”%
@ s | % | B
£ 10" L e 2004 (HES.S) 1’ :
W - = 2003(HES.S)
p o MSSM \ |
_g i KK I.'jﬁ
@ 107°E  70%bB30%TT | | L
1 10

Energy (TeV)

Steady (time-independent) spectrum, pointlike
within HESS angular resolution, could be Moore
cusp instead of NFW?

Shape of these curves
uncertain, depends on QED
corrections and fragmentation
of 5-10 TeV jets. LHC should

But: Probably too high energy (and wrong shape
give important input here.

of spectrum) for WIMP annihilation explanation

L. Bergstrom, CTA meeting, Jan. 2008

Van Eldik et al., ICRC 2007

VLA 90cm

HESS J1745-290 (2004)
1 sigma total error circle

l Van Eldik 286‘_"_]

———
”~

(i
%

PRELIMINARY

VLA 90cm radio image

359.96 359.94 359.92
| ' !

Energy spectrum is
not consistent with
dark matter

annihilation signal!



F. Aharonian et al., Nature 439, 695 (2006)

Galactic center ridge

Raw
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Spectrum is harder than
CR spectrum!

galactic I-.::r"ug|tl_1c:le- [Teagr==]]

Diffusion model by Busching et al. Ap] 656, 841 (2007) 37




F. Aharonian et al., A&A 477, 353 (2008)

Jnidentified HESS sources

HESS J1427-608 HESS J1626-490 410

148307 1707 1708 1706

HESS J1857+026, HESS J1858+020

HESS J1303-631

Fabruary HESS.

(=]
Significance [o]
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%, HESS J1857+026

f@ HESS ll‘\,‘:.“:»‘z“rv_‘“

-

4

PSR B1259-63

12h50m
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13h10m 13h00m

13h20m

ghgym

184" 18°42™ 18°40™ 19%00™ 18858 18556™ 8754
Right As: (32001 Right Ascension (J2000)

F. Aharonian et al., A&A 442, 1 (2005)

17834m  7haam | 7Ragm

Righ

1) No compelling counterparts

Two types: 2) Dark in other wavelengths
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Funk et al., arXiv:0710.1584v1

JeV-GeV relation?

Coincident sources
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Name

M87

Mrk 421

Mrk 501

1ES 23444514
Mrk 180

1E5 1959+650
BL Lac

PKS 0548-322
PKS 2005-489
PKS 2155-304
H1426+428
1E50229+200
H 2356-309
1ES51218+304
1ES1101-232
1E50347-121
1E51011+496
PG 1553+113
3C 279

Discovered
HEGRA
Whipple
Whipple
Whipple
MAGIC
TA
MAGIC
HESS
HESS
Durham
Whipple
HESS
HESS

HESS
HESS

Contributions

VERITAS-Colin, HESS-Beilicke, MAGIC-
MILAGRO-Smith, VERITAS-Fegan, +
TACTIC-Godambe, MAGIC-Paneque, +
MAGIC-Wagner

MAGIC-Mazin

MAGIC-Hayashida
MAGIC-Hayashida

HESS-Superina

HESS-Costamante

HESS-Punch, CANGAROO-Sakamoto, +
VERITAS-Krawczynski

HESS-Raue

HESS-Costamante

MAGIC-Hayashida

HESS-Puelhofer

HESS-Raue

MAGIC-Mazin

MAGIC-Wagner, HESS-Benbow
MAGIC-Teshima




Emission from AGNs

LA C

L /I / Synchrotron Inverse Comptén
- peak peak 1
L {-vﬂ | 11 | I 1| | | || | 11 | I 1| | [ | | 11 | L]
10 18 14 16 18 &0 &2 24

log(v)

Electron model Fossati et al. 1998 Proton model Muecke et al. APh 18, 2003



Fast time variation

N

HESS T

arXiv:0706.0797 W. Hofmann,
TAUP 2007

Mkn 501

Log vF(v) [erg em™ s7']

MAGIE _

z=0.116

July 28, 2006
Peak flux ~15 x Crab '

~b0 x average 100 120
Luminosity ~10'? x Crab Time - MJD53944.0 [min]

Loy it (e M. Hayashida, ICRC 2007
67,116,173,178 £50 s
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1 l 1 L L 1 l 1
15 20

Log v [Hz]

Fast variation <> Acceleration site & mechani%n



Yrevt VIR €7 + €

I
for e*e” pair production

log(E,/GeV)
Protheroe & Meyer, Phys.Lett. B493 (2000) 1

Energy (GeV)

10?

AYSorption by IR background

> M 87
Approx.
" Gamma-ray horizon’

Adapted from Martinez
o "Ezlerk 421 ‘Y\IHE‘YEBL _) e+e“ by .\‘ » ®
[ R Aol 400 S

,5\‘).-, re 181 ;f"" ‘:://’_ .
-“'%

Z @BL Lac \;

_PKS 2155-30
B "1ES10
o 01 02 03 04 05

Redshift

« 100 GeV threshold implies z < 1 (but need very
luminous sources!)

Jim Hinton, rapporteur talk, ICRC 2007

We cannot discriminate
source spectrum and
intergalactic absorption! 43



H.E.S.S.: Aharonian et al., Nature 440, 1018 (2006)

folding source spectra

Assume not
harder than E1°
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Some models
can be rejected
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Raue, ICRC 2007

sackground IR intensity limited

y eV observations

T 1|1r11]' T T r1r1rr[ T T rr1111] T

¥

vl, ("W m?sr)
2
I T T 11 ].[_

Reduced by
1ES 0229+200
z=0.14
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MAGIC: M. Teshima, ICRC 2007

O at z=0.538

3C 279: One night, 2379 Feb 2006 1

. 80-220 Ge
B 6.1 Oin 'ow . Signiﬁcance 6130 : 624

Energy band Wt vt
« Post-trails? :

« 510
>220 GeV

. Surprising! Preliminary

E> 220 GeV

Significance: 5.07 ¢

. : Prelimina
leshima

‘ B i < q *"INILWLN;

Preliminary

Ju9 1 Ll o "’
1134 1236 'll& Fird 1234 1296 12” 13 1&&2 11

46



RECshift distribution of blazars

b

Model Fit to Blazar Redshift Distribution

‘ Fit parameters for the
FSRQs are I’ = 8 and
- comoving directional

luminosity 1= 1040 ergs s1-!
s'1: EC statistics

Fit parameters for the BL
Lacs are I’ = S and 1= 1042
ergs s1-! s-1; sym/SSC
statistics

Num berofsourmes

C. Dermer, GLAST LAT AGN Science Group meeting, March 4, 2006 47



Recishift distribution of blazars
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ers of galaxies: upper limits
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W. Hofmann / M. Teshima, SLAC Workshop, Nov. 2007
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escope Array): EU++
Option: Y
Mix of telescope types

' ~10 ceptral Huge telescopes
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Picture: Courtesy of W.Hofmann g @

1071

EF(>E)
[TeV/cm?2s]

1 0—1 2
MAGIC

A deep lock at |
the TeV sk

&1

AGN and pulsar
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Future projects

AGIS (Advanced Gamma-ray Imaging
System): USA++
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Exploring the
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ummary

Ultraluminous IR galaxies
Clusters of galaxies
= Gamma-ray bursts
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