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Stereoscopic observation of
Cherenkov light
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Cone:
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Energy <50 GeV =100/GeV >3 TeV
(=> 100 GeV) | (— 50 GeV) (— 1 TeV)
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[Caroe HOV Good A0 [Large FOV
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TeV skymap
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TeV skymap
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TeV skymap
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TeV skymap

900 e PWNe = Whipple
2007 ...... v SNR ® Durham
------ U S oA S
L L L BN o N S ® HEGRA
® ® -.] 4 Unidentified
N " > " : ‘\" ~‘\
e, S A m e LU
.......... “ ‘\ . HESS
e : | v Mol.Couds |
* ".. ¢ AGNs m Milagro
X ’ ¥
........... 0
«1-180
@
LS 5039 HESS J1303-631 Vela X
MGRO J1908006 RX J‘ITA? .7-3946 MSH 15-52 RX J0852.0-4622
"""" ’l A ‘A“ - ey ?""‘"‘5"‘ ‘ht " ~ Ll =0°
®
L2 : ‘: . 0 e
Jim Hinton 45° 0° -45° -90°

ICRC 2007 14



Jim Hinton, rapporteur talk, ICRC 2007

of TeV sources

“Kifune plot”

2007

Class 2003
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
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rces classified

Classified by M. Mori

= SNRS 18
©~ SNR 16
PWN 14
BIN )
GC 10
RIDGE 8
mYSC 6
BIN m UID g
= HBL 2 1
el - O ¢ 7z 7z O H
GC RGL Z5g=0 g
= FSRQ

RIDGE

* Borders for SNR/PWN/UnID are vague...

YSC
UID
HBL

LBL
RGL
FSRQ
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talk, ICRC 2007
=50, Galactic survey
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Supernova remnants

-

= Long Cons;ld =

Galactic COSE
m Pros: 2 %
L | .

= Energetic

= Size of

= Cons: R | ,
= Magnetic fields 00 lo'W‘tho beyond 1014eV
= Additional problem: adiabatic losses

Cas A by Chandra
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Jim Hinton, rapporteur talk, ICRC 2007
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Accelerated particles and

Udimimda-rday s pect Fuim
X- rays Y-raysS RoN

TeV

Energy
Flat spectrum
0
Inverse
-rays
2amima-rays

p/e ratio
problem




SNR spectrum

Hard power-law + cutoff (?): ~E2exp(-E/E,,.,)

Electron model Proton model
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for accelerated particles!
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D. Ellison et al., Ap] 661 (2007) 879

tiication of particles is not easy

- Solid: nH='1cn|'|_3: B3 Hegvy: p—p
Dashed: n,=0.1cm™": B2 Light: IC
Dotted: n,=0.01em > Bl ==i

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

o B= . 'I.,w Difficult in the GeV-TeV

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

lagnetic field in SNR

RX J1713.7-3946 by Chandra

b 2000 2005 2006

249-299UG gog a
|

Kepler (3 kpc)
Tycho m

113- 165uG u

|
Kepler (4.8 kpc)

97-113uG

30-39uG

SN 1008 C 2000

'm
10 arcsec

B2/8m(10-9 erg cm™3)

Variation in ~1yr time scale
— Need > ImG ! (locally)
—Protons produce TeV gamma-rays!?




W28

H.E.S.S.

PSR J18:1-23
. W28 (Radio Boundary)
HESS J1801-233 .o " o

Dec J2000.0 (deg)

-5
excess events/ 10 sr

o 5 i, -
HESS J1800-240 RA J2000.0 (hrs) LS .
18h03m 18h .
[AGIC, Albert et al., Ap] 664, [H.E.S.S., Aharonian et al., A&A, in )
k" press]
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Naumann-Godo, Gamma 2008, Heidelberg

SN 1006

Chandra and H.E.S.S. Morphology

PRELIMINARY

‘CHANDRA

Preliminary !
CANGAROO-III
CANGAROO-I

15h04m 15h02m 15h00m ° ' 15h04m 15h02m 15h00
RA (hours) RA (hours)

= Chandra map smoothed = H.E.S.S. map with
by the H.E.S.S. PSF and Chandra contours

oversampled with 0.1° 3 mz-‘pl'_xlm
HESS (new

-
Q
[}

FyE) em*s™)

*» Independent analysis methods confirm the
detection of the NE rim of SN 1006 at about 6 1 H.ES®

10-13 :_Inlcgr;nl Upper Limil Band Upper Limit

sigma in the region pre-defined in the 2004
H.E.S.S. upper limit paper

Compatibility with non-thermal X-ray

icrpholagy very oo Gamma-ray energy (TeV)
Given the flux level of ~1% Crab, both leptonic
and hadronic scenarios are reasonable
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S. Funk et al., ICRC 2007

bula: energy-dependent
“morphology

08-25TeV .
Shrinks!

PSR J1826-1334
*

—
[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 ~ |
astronomy! Energy [TeV]
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van der Swaluw, Downes, & Keegan 2003

sitnulations of Pulsar Wind Nebula

Fgrward Shock

4 2 pe

Contact Discontinuity _

_____

e
e,

{

Displacement due to pulsar kick ?



| HIESS J1833-105 L& HIESS J1846-029

HESS J1833-105 g HESS J1846-029

H : 8

G21.5-0.9 PSR J1833-1034 ’ kes75 PSR J1846-0258

0.5
Galactic iongitudo (deg.)
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Y

17°1 67 18h10m00s
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Carrigan et al., ICRC2007 Komin et al., ICRC2007
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‘ S. Funk, paper 390, 30th ICRC (Merida), 2007
2isar nebulae and spin-down

luminosity

I ~ ATvF Puisars

- Pulsars with X-ray PWN
I Futsars with known SNR
I Futsars with EGRET PWN
I Fuisars with HESS PWN

# Entries
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©

>
=

0
(=]
°
o

—

d)
o
S—
(=]
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o

All ATNF Pulsars

Pulsars with X-ray PWN
Pulsars with known SNR
Pulsars with EGRET PWN
Pulsars with HESS PWN

-2 11 lIlIlll 11 lllllll Lty 1 lllllll 11 lllllll 11 Illllll

1
Period (s) log10(EDot/d’) (ergs s kpc?)

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 HE.S.S. VHE PWN (red). Bottom: Energy output for the selections used at the top.




MAGIC: Aliu et al., arXiv: 0809.2998

Piised emission from Crab

MAGIC 20 U.L. (Albert et al. 2008)
«  Celeste (De Naurois 2002) :
i e Whipple (Lessard 2000) :
e e EGRET (Kuiper-2001) oo ediees
i weemeeeee 16.3 GeV exponential cutoff
§omememem 20,7 GeV superexponential cutoff
; we—— Energy range of measurement :

T

=Y
&

ey
(=]
S

E? dF /dE [MeV cm257!]

T T TTTI 4T lll'lrrg

o

Counts x10°
ey
<

T 1 ‘IHHl

' - ~“—Light cylinder x
i ) = 130 L1ellar radii 4
10° 10’ —

hY
Energy [Me\

Figure 4: Crab pulsar spectral cutoff. The black flux pomt mdicates the energy range and the .
statistical ervor of our fix measuremeat, assuming an exponensial and a super-exponeatal cat-off The / Magnetic
black crosses oa the left represeat flux mezsurements from EGRET (15). The aows on the night -
denose upper Emats from vanons previous expeniments. The EGRET spectrum has beea extrapolated
with 20 exponentnal (red) nd 3 supes-exponential (bive) shape The colonred bands illustrate the Outer
combined stafistical and systepwtic ermoes and desote the fotal uacertamty of our mezsuremeat, by gap

which the fiux point cza move to higher or Jower energies. region

MAGIC !
optical | / —Favors outer-gap model rather

L T o than polar-cap model

-1 -0.5 0 0s

1
Phase

Open +~
field lines




Gamma-ray binaries

61 303 (VERITAS/MAGIC) LS 5039 (H.E.S.S.)

v ‘ . iatﬁﬂ:‘i; T |-Eu T :Eél E T orb~3 gday
i} MAGIC T A AUR S | TOR I
; : : / 3 I : ! ol
' : ! « Flux £ |
05 _,_q_r—i—~++ {20 uppr i

N ! :
11I|V11|11111111111

Pl

i
—+

F(>300GeV) 10 lem 2!

0 01 02 03 04 05 06 07 08 09
 VERTAS | | | i W
A T R i | E 355 ; I B
1 . T 5 o abi IS O | :
......................... % i . ol ¥
= i | | | | R, El 4 : -4
> 1 ] i o 2 F +t | it
2 l ll iRl !‘Ilf f:: 7 - h T
= Y Vv ¥ v Wt TE H | -+
A0 01 02 03 04 05 06 i7 08 09 (e
= .5 i

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



1nary Mg ~21Mg,

4 96 seen in one 79 min. time slice

Estimated significance: 4.1c after
correction for statistical trials

Waeighted excess events

0>0.6c: “microquasar”

=
=
=]
o=
B
o

MJD-54000 [days)

J. Albert et al., Ap]J 665, L51 (2007)

gaimma-ray binary : Cyg X-1

MJD-54000 [days]




( Sidro 574

Mirabel 2006

~

y-rays produced in the shock
Microquasar: particles (electrons or |where the wind of the young pulsar

hadrons) are accelerated in a jet | and the wind of the Be star collide
Bosch-Ramon et al. (2006), Romero et al. (2007) Dubus (2006), Dhawan et al. (2006)




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

s RadioRing A

8

8

Excess Events

5 8 3

Declination (J2000)
n
o

10"30™ 10"25™ 10"20™
Right ascension (J2000) inescansemaeindol

IRAS 10227-573%0
—y

"Churchwell 2004



Van Eldik et al., ICRC 2007

VLA90cm HESS J1745-290 (2004)

a I a C t i C C e n t e lf ‘ 1 sigma total error circle

i (Van Eldik 286f |

0.0
SgrA East
- 0.04 - 2\

HESS data 2003-2004 towards

(\ ot \]
D/

galactic centre. (We await 2005-6 data c’i’;’:fgfviﬁog?sia &
eagerly...) —-0.06. PRELIMINARY
% 10ME
N - VLA 90cm radio image
= L3 ."f) ® } " 3
& e j—*‘;i““ TR i I \‘i 359.96 359!.94 359.92
> " i S R i, e
R ; 0
C 10™E o 2004 (HES.S) % :
% - —e— 2003 (H.E.S.S.)
pd [ R MSSM |
I |
w 0PE T 0% 3%y L v
1 10E -~ Energy spectrum is
nergy (Tev) not consistent with
Steady (time-independent) spectrum, pointlike Shape of these curves dark matter

within HESS angular resolution, could be Moore uncertain, depends on QED

cusp instead of NFW? corrections and fragmentation

But: Probably too high energy (and wrong shape °f 5-10 TeV jets. LHC should
of spectrum) for WIMP annihilation explanation give important input here.

L. Bergstrom, CTA meeting, Jan. 2008

annihilation signal!
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L -4

/A G 0.9+0.1

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

alactic center ridge

Raw

G 0.9+0.1

e D

After subtraction

Corrected excess counts

Spectrum is harder than
CR spectrum!

[ —Y R
orgitude [Hoegrasa ]

Diffusion model by Busching et al. Ap] 656, 841 (2007) 41




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

HESS J1427-608 HESS J1626-490

-60°30'

165307 16"28™  16™26™  16"24™  16"22™ 17°00™ 1712 17100 17°08™ 17"06™
Right Ascension (J2000) Right Ascension (J2000) Right Ascension (J2000)

HESS J1303-631

HESS

. - - e - - — - - — 13020 13h10m 1300m 12r60m
17347 178327 17h307  17°28™  17°26™ 18427 188407 18 19%00™  1S'58"  I8'se™ 18°sa” i 2 "
Right Ascension (J2000) Right Ascension (J200) Right Ascension (J2000) RA [hours]

F. Aharonian et al., A&A 442, 1 (2005)
1) No compelling counterparts

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

leV-GeV relation?

Coincident sources

2_: g AR EGRET source ~ VHE #-ray source | Potential Counterpart
3G J167-0423 Within the HE.S.S. GPS
o il e s ocr AL meseues i GRGIGH-4T0  HESSJIGA0-65 | G380 (SNR/PWN)
o q’% iss J1625-137 ' v
ss J1e87-060 | _ HESSJ160%-1¢ 3RC J174-3011  HESSJ1745-303
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s, Gamma 2008, Heidelberg

ONEORO

Gal. Latitude [deg]
Exposure [h)

RO 0) 00ab b b b b A3

Exposure [h]

Extended H.E.S.S. GPS
-85° <] < 60°
3" =< b 3®
Scan mode: 400 h
Detected 50+ Galactic sources
of VHE gamma-rays
* ICRC 2007, DPG 2008, Gamma08

ZON: G. CTICA COGNIT
killopgrsecs



H.E.S.S. GPS Significance Map

HESS J1848-018 HESS J1503-582

PRELIMINARY PRELIMINARY

al. Latitude
Sianificance

HESS )1356-645

HESS J1714-385 (SNR CTB 37A)
HESS J1713-381 (SNR CTB 37B)

HESS J1442-623 (SNR RCW 86)

HESS J1356-654 (Offset PWN)

HESS J1503-582 (FVW?)

HESS J1848-018 (SFR W 43, WR 121a3?)
HESS J1849-000 (PWN)



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




| pEmission from AGNs

/ Synchrotron  Inverse Comptc_;
/ peak peak
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10 12 14 16 18 20 22 24

log(v)

Electron model Fossati et al. 1998 Proton model Muecke et al. APh 18, 2003
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Fast time variation
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TAUP 2007
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Peak flux ~15 x Crab
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Luminosity ~10'2 x Crab Time - MJD53944.0 [min]

Doubling times
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M. Hayashida, ICRC 2007

Fast variation <> Acceleration site & mechanism
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orption by IR background
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Approx.
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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! 49



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

—
T
Wl
or
)
Q
ol
=
w
—
=
o
™~
Z,
o
o
=
al
2
-]

- PoSS+R
L g@m

Energy (TeV)




Raue, ICRC 2007

sackground IR intensity limited

by eV observations
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Upper limits: fluctuation/direct measurements

Lower limits: source counts



MAGIC: Science 320, 1752 (2008)

'3(C279 at z=0.538

Fig. 1. Light curves.
MAGIC (top) and optical
R-band data (bottom)
obtained for 3C 279
from February to March
2006. The long-term
baseline for the optical
flux is at 3 mly.
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in the text



REdshift distribution of blazars

Model Fit to Blazar Redshift Distribution

1 Fit parameters for the
FSRQs areI’ = 8 and
comoving directional

Inminosity 1 = 1040 ergs s1-!
s1; EC statistics

Num berof sources

Fit parameters for the BL
Lacs are I’ = 5§ and 1 = 1042
ergs s1-! s-1; sym/SSC
statistics

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



Betshift distribution of blazars
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HRR IR L XENY More AGNSs as energy threshold goes lower!
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42d 00m ek
Preliminary

Sl A3667,

41d 40m
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Declination (J2000)
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Declination (J2000, deg)

4 / 5 ). P ‘o w
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Whipple: Perkins et al., ApJ 644, 148 (2006) CANGAROO-III: Kiuchi et al., ICRC2007







W. Hofmann / M. Teshima, SLAC Workshop, Nov. 2007

Jnder construction

H.E.S.S. 11
MAGICII
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Future projects

scope Array): EU++ AGIS (Advanced Gamma-ray Imaging
: . System): USA++

Option: A A

Mix of telescope types

1 ~10 ceptral Huge telescopes
_"'.‘5\ )\
~100 Medium + Small Telescopes

2

Picture: Courtesy of W.Hofmann
-

i g y
10 “*-.. Crab

EF{(>E)
[TeV/icmis)

(o2 \ =Ty -._10% Crab
MAGIC el

s

AGN and pulsaT
physics

Exploring the
cutoff regime in
s\ Galactic sources
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ming galaxies, mergers
alaxies and dark matter
Ultraluminous IR galaxies
Clusters of galaxies
Gamma-ray bursts
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»

CANGAROO-III telescopes, Woomera, South Australia

-
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annilation at the Galactic center

e

114?y{:,v

gamhalo_ezret big|

Indirect detection through y-rays.
Three types of signal:

* Continuous from 7%, K°, ... decays
and
* Monoenergetic line
and
* Internal bremsstrahlung from
QED process.

Enhanced flux possible thanks to
halo density profile and
substructure (as predicted by
CDM)

Good spectral signatures!
Unfortunately, large uncertainties
in the predictions of absolute rates

L. Bergstroem, CTA meeting, Jan. 2008

sammasray signal from DM

Gamma-rays

Ty

Neutralino continuum gamma ray
flux towards galactic centre -

NFW model, AQ=10" sr

New
contribution:
Internal

bremsstrahlung

Photon Flux [cm s GeV ']

—— Background, 81'2 Y
— = 300 GeV neutralinec added
50 GeV neutralino added

s PR Y | aal I A\l‘ll

A A -
2 3 4568 2 3 4568 2 3 4568
1 10 100 1000

Photon energy [GeV]

L.B., P.Ullio & J. Buckley 1998 T. Bringmann, L.B., J. Edsjo, 2007




