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R.Ong, rapporteur talk, ICRC2005

TeV sources classified (2005)
~SourceType* 2003 2005

Pulsar Wind Nebula (e.g. Crab, MSH 15-52 ...)

Supernova Remnants (e.g. Cas-A, RXJ 1713 ...)

Binary Pulsar (B1259-63)

Micro-quasar (LS 5039)

Diffuse (Cygnus region)

AGN (e.g. Mkn 421, PKS 2155 ..))

Unidentified

TOTAL 12

* Includes likely associations of HESS unid sources.

- Explosion in the number of VHE sources.




Classified by M. Mori, as of Nov. 2008

TeV sources classified (2008)

20

18

16
= SNRS v

12

BIN 10

SNRS
SNR
PWN
BIN
GC
YSC
uID
HBL
LBL
IBL
RGL
FSRQ

RIDGE

YSC|GC = RGL
RIDGE H SR

Total 77 sources

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



H.E.S.S extended Galactic plane survey

Chaves, Gamma2008, Heidelberg
Acceptance-corrected Exposure

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




Chaves, Gamma2008, Heidelberg

H.E.S.S. GPS significance map

HESS J1848-018 CTB 37B HESS J1503-582

PRELIMINARY PRELIMINARY

x> > o D> D D o <> OO

HESS J1714-385 (SNR CTB 37A) W3 RCW 86

HESS J1713-381 (SNR CTB 37B)

HESS J1442-623 (SNR RCW 86)

HESS J1356-654 (Offset PWN)

HESS J1503-582 (FVYW?)

HESS J1848-018 (SFR W 43, WR 121a%)
HESS J1849-000 (PWN)

HESS J1356-645




F. Ahanorian et al., arXiv:
0803.0682/0702

Jim Hinton, rapporteur talk, ICRC 2007

TeVCR 5 1 JLIKSNR
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© & 7 CcTA37B 10
s CTA37A
- >
o Preliminary
los A
’
> ’ -
Cas A RCW 86 RX J1713.7-3946 RX J0852.0-4622

J. Albert et al., A&A 474,
934 (2007)

T.Tanaka, PhD thesis, 2007
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Flat spectrum
0
> Proton above 100MeV
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Electron il Compton
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p/e ratio
problem




Berezhko and Volk: arXiv:0810.0988 Aharonian et al.,ApJ 661, 236 (2007)
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Funk et al., ApJ 679, 1299 (2007)

RX J1713.7-3946&Fermi

Tm

o
=
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=
oY
S
L
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=
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== = = |nverse Compton
r—— ® - decay
° GLAST - hadronic 5 years
A GLAST -leptonic 5 years
H.E.S.S.

10° 102 10" 102 102
Energy (eV)

Fig. 11 .—High-energy SED forthe SNR RX J1713.7—3946. The black data
points show measurements with H.E.S.S_, whereas the blue circles and red tri-
angles show simulated GL AST data, assuming two different models ( leptonic and
hadronic) for the +-ray emission (dashed red and solid blue lines, respectively).
This simulation uses the current best estimate of the LAT performance and
illustrate that in principle the GLAST L AT should be able to detect this prominent
shell-type SNR in a 5 vr observation or faster, depending on the emission mech-
anism. This figure has been reproduced from Funk et al. (2007b).




J. Vink, astro-ph/0601131
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Y. Uchiyama et al., Nature 449, 576 (2007)

RX J1713.7-3946 by Chandra

b 2000 2005 2006

10 arcsec

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

Counter arguments: Y.Butt et al. ,
arxiv:0801.4954



w28

H.E.S.S.

PSR J1801-23
v

e W28 (Radio Bou )
HESS J1801-233 . = -

Dec J2000.0 (deg)

-
w
°
o
-
—~—
2
=
o
>
o
o
x
o

-----

W28A2

HESS J1800-240 RA J2000.0 (hrs)

[MAGIC, Albert et al. , ApJ 664,
L87,2007]

[H.E.S.S., Aharonian et al. , A&A, in
press]
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FHREEHEIR%

Energeticsh 5 BEH E2REZIIFEHEOMERE LTH
HESNTET, (Ginzburg 1953; Hayakawa 1956)

57 D F HfRpower
o 0.5 eV/icm3, V~10%7cm3, 1~3x10%s = W g ~3x10%%rg/s

HRHT 2 F % D power
o 10Mg SNR expanding at 5x108cm/s /century = W, ~3x10%%erg/s

BT 2R OpowerD~1 % TCFEHEGEZHZ D!

EHERINERERNDE2ORRY LA IS

R IE I L —DRE: up to “knee”?
ShockhiejectatHEH D HEZIF T TMEMNEZ B
Lagage & Cesarsky (A&A 118, 223, 1983)
o Ep=3x10% Z GeV/in

Correction for expansion velocity: (Stanev, “High Energy Cosmic
Rays”, 2004)

o Ep=2.4x10° Z GeV/in
Berezhko (Astropart. Physics 5, 367, 1996)
o E=10°Z GeV/n

14



Berezhko&Vaolk, ApJ 661, L75 (2007)

Galactic cosmic ray spectrum

s ATIC—2 * JACEE
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FiG. 1.—GCR intensities at the solar system as a function of particle kinetic
energy. Curves represent the CR spectra calculated for a proton injection rate
n = 107*, ion-to-proton ratios that provide a fit for the data at ¢, = 1 TeV,
and for p = 0.75. Experimental data obtained in the CAPRICE (Boezio et al.
2003), ATIC-2 (Panov et al. 2006). JACEE (Asakimori et al. 1998), and KAS-
CADE (Antoni et al. 2005) experiments are shown as well.

Prediction by a model
incorporating SNR
evolution, injection
and acceleration.

‘J(Ek) o TescN(Ek)

-0.75
Tesc & R

R = pc/Ze




Berezhko&Vaolk, ApJ 661, L75 (2007)

All-particle CR spectrum

"ATIC=2 JACEE =~ KASCADE * AGASA
° HiRes

*Yakutsk

10° 10" 10"
e, GeV

Fig. 2.—All-particle GCR intensity as a function of total particle energy.
The dashed line represents the Galactic component, which is the all-particle
spectrum from Fig. I. The dash-dotted line represents the assumed extragalactic
component. Experimental data obtained in the ATIC-2, JACEE, KASCADE,
Akeno-AGASA (Takeda et al. 2003), HiRes (Abbasi et al. 2005). and Yakutsk
(Egorova et al. 2004) experiments are shown as well.




Mori 2008 / Kelner et al., PRD74, 034018 (2006)
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HOEBRIADAXRIKNIL(>10TeV)

E? dN/dE (erg cm™s)

#100TeVEL L TINEAE C % KK (“Pevatron”)IEE R D
Do TWEW! (KneeXx TINETZE S XREIEERFER )
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Thompson, Rep.Prog.Phys.71 116901 (2008)

EGRET gamma-ray pulsars
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Crab pulsar by MAGIC
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First pulsar detected by Cherenkov telescope!
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S. Funk, paper 390, 30th ICRC (Merida), 2007
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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 H.EE.S.S. VHE PWN (red). Bottom: Energy output for the selections used at the top.




J. Albert et al., ApJ 665, L51 (2007)

X$R1E 2 Cyg X-1

Black hole binary: Mg,~21Mg,
M,~30Mg

Relativistic jet v>0.6¢: “microquasar”
MAGIC 40hr obs.

4.9c seen in one 79 min. time slice

Estimated significance: 4.1c after
correction for statistical trials
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Aharonian et al., A&A 467, 1075 (2007)

Westerlund 2 £ [H]

@ Young open stellar cluster
= Dozen O-stars
= Two Wolf-Rayet stars (~80M each)!

@ Extended gamma-ray emission covering (but offset
from) Westerlund 2 by HESS

= Due to collective effects of stellar winds in the cluster?
=@ A new source class?
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F. Aharonian et al., A&A 477, 353 (2008)
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Galactic Latitude (%)

TeV-GeV®D +HBES

Funk et al., ApJ 679, 1299 (2008)
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Funk et al., ApJ 679, 1299 (2008)

TeV-GeV spectral matching
(1) coincident sources
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Funk et al., ApJ 679, 1299 (2008)

TeV-GeV spectral matching
GeV source with no TeV counterpart
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Funk et al., ApJ 679, 1299 (2008)

TeV-GeV spectral matching

(3) GeV source showing bending with no TeV counterpart
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Gamma-ray horizon
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Interstellar radiation field

FiG. 1.—Interstellar radiation field energy density. Top: Local interstellar
radiation field. Thick solid line, total radiation field including CMB; thick
dashed line, contribution by stars: thick dotted line, scattered lin,ht thick dot-

il ) dashed line. infrared; thin solid lme local ISRF from Strong et al. (2000).
Data: Squares, Apollo (Henry et al. 1980): triangles, DIRBE (Arendt et al.
1998); circles. FIRAS (Finkbeiner ct al. 1999). Bottom: Interstellar total ra-

Moskalenko et al., ApJ 460, L155 (2006)

At (um eV e um’)

Total

——-- CMB

ISRF without CMB

10 102
E,(Tev)

3 4 5
Ingm(Eﬂ'eV}

FiG. 3.—Transmittance of VHE v-rays as a function of «y-ray energy. Solid
Zhang et al, A&A 449, 641 (2006) lines, (R.z, a) = (0 kpe. 0 kpc. 0°) (L = 8.5 kpc): dashed lines, ('R:g:, a) =
(20 l\pc 0 kpec, 90°) (L = 21.8 kpc): dash-dotted lines, (R, z, cc) = (20 kpe,
0 kpe, 180°) (L = 28.5 kpe). Thick lines give the total transmittance curve
including the ISRF and CMB. The leftmost thin lines give the transmittance
for the ISRF only, and the rightmost thin lines that for the CMB only.

Some attenuation at >50TeV!

(depending on location) Moskalenko et al., ApJ 460, L155 (2006)



Extragalactic TeV sources

No.

1
2
3
4
5
6
7
8
9

Object

M87

3C66B

Mrk421
Mrk501

1ES 2344+514
Mrk180

1ES 1959+650
BL Lac

PKS 0548-322
PKS 2005-489
RGB J0152+017
W Com

PKS 2155-304
H 1426+428
1ES 0806+524
1ES 0229+428
H2356-309
1ES 1218+304
1ES 1101-232
1ES 0347-121
1ES 1011+496
PG 1553+113
S50716+714
3C279

Class
Radio
Radio
HBL
HBL
HBL
HBL
HBL
LBL
HBL
HBL
HBL
IBL
HBL
HBL
HBL
HBL
HBL
HBL
HBL
HBL
HBL
HBL
Blazar
FSRQ

Discovered
HEGRA,2003
HESS, 2008
Whipple, 1992
Whipple, 1996
Whipple, 1998
MAGIC,2006
7TA,1999
MAGIC,2007
HESS,2007
HESS,2005
HESS, 2007
VERITAS, 2008
Durham,1999
Whipple, 2002
VERITAS, 2008
HESS,2007
HESS,2006
MAGIC,2006
HESS,2006
HESS,2007
MAGIC,2007
HESS,2006
MAGIC, 2008
MAGIC,2007
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TAUP 2007

Suzaku

Mkn 501

PKS.2155-304
z=0.116

N July 28, 2006 B, e ML S

Peak flux ~15 x Crab *
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Doubling times M. Hayashida, ICRC 2007
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H.E.S.S.: Aharonian et al., Nature 440, 1018

(2006)
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Raue, ICRC 2007
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HESS: Raue 568 §

vl (nWm?sr)

Reducedby |
" |1ES0229+200}/
IES 1101-232] /. 2=0.14

Confirmed by
1ES 0347-121
z=0.188

OPTICAL NIR

Upper limits: fluctuation/direct measurements
Lower limits: source counts




Albert et al., Science 320, 1752 (2008)

3C279 at z=0.538
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Albert et al., Science 320, 1752 (2008)

Gamma-ray horizon tested

— — — Kneiske et al. 2002 (modified) Primack et al. (2005)
Energy Threshold of MAGIC - Stecker et al. (2006)
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Blazar distribution model

Inoue&Totani, arXiv:0810.3580 / private comm.
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http://fermi.gsfc.nasa.gov/

Fermi Gamma-ray Space Telescope

100 seconds v

20086 H11H = OE= () @ ‘
j:-.l_ J: Jﬁljj \\;‘~-,, . ‘_‘.(,./.
il
GLAST/LAT EGRET g .
y N
Energy Range 20 MeV ... 300 GeV 30 MeV ... 10+ GeV [
Energy Resolution 0.1 0.1 \
Effective Area 9000 cm? 1500 cm? 1 day e
Field of View 2.2 sr. 0.5sr.
i 3.5@ 100 MeV 5.8@100 MeV
Angular Resolut
Mt 0.1@10 GeV 0.5@10 GeV
Sensitivity (>100 MeV) 3x10° em2 g1 ~107 cm*? s
Deadtime 27 us 100ms
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o
- A
. == Large Area Telescope
Fe r I I l I ® Silicon Strip Tracker (TKR) @ Anticoinc Detector (ACD
v Measure the photon direction v mmic_éays_l

v ldentification of the gamma-ray shower v’ Plastic scintillator tiles and ribbons
v 36 planes of Si strip detectors (228 um)

Large Area
I* Telescope 3
(LAT) N
@ Calorimeter(CAL) =D K e i
v Measure the photon energy ) LR @ Data Acqui. System
v Image the gamma-ray shower - v Max data rate. min dead time
v Csl(TIl) crystals in 8 layers. v Flexible trigger & software

GBM

Nal Detector
filters.

GBM Detectors  (12)sedivmiodide (Nai)

Bismuth Germanate (BGO) Scinfillation Detectors

Scinfillation Detector

GBM

BGO Detector

T.Kamae, RESCEU symposium, Nov.2008 Provides spectra for GRB from 10 keV to 30 MeV.

Provides wide sky coverage (8 sr), enables autonomous repoints to allow for high
th Y g P g
‘J'MCEnery’ 4™ NH EGE’ Elba’ Italy' 2006 energy afterglow observations with the LAT.




T.Kamae, RESCEU symposium, Nov.2008

Fermi LAT event sample

/’
Tzem Event Reconstruction on Ground

» Pulse heights at all TKR Si strips, CAL Csl logs and ACD tiles/ribbons
with signals are recorded with time stamps (dt~25us).
» Candidate gamma-ray events are reconstructed on ground (see Figs).

» Charged particle cosmic-ray events are also sampled and recorded for
monitoring and calibration purpose.




http://fermi.gsfc.nasa.gov/

Fermi Firstlight skymap

With AGN catalog

OES 234 L Lacertae
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J.McEnery, 4" NHEGE, Elba, Italy, 2006

Simulated Fermi skymap
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Baltz et al., arXiv:0806.2911

Fermi sensitivity for dark matter

N W ErRRe: @l
10 % e

T LA | T g

av (107 em’s™

20

Pa—
<

3 L1/ ;
bnergy(Gel ] Neutralino Mass (Ge¥)

) I ‘ . Figure 25. MSSM and mSUGRA models in the < v >, mwrarp plane. The models
Figure 20. “Optimized” diffuse hackground and a 5¢ signal at 200 GeV. The black = included in these regions are consistent with accelerator constrains and WMAP data.

dots and open squares correspond to the diffuse background and the diffuse background ~ The lines represent the 5 ¢ sensitivity from the GC (upper) and the 5 ¢ sensitivity
s MO éizial respeotively. Full and dotted ling s it from a Galactic halo analysis (lower) corresponding to the best and worst sensitivities

plus MC signal, respectively. Full and dotted lines correspond to the signal plus © o oo as " thie Daner for a NFW profile.

hackground fit to 62 and @1462, respectively. < Ay? »=25.0 for this run.
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Abdo et al., Science Express, 16 Oct 2008

First paper: pulsar in SNR CTB 1
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T.Kamae, RESCEU symposium, Nov.2008

Some initial results

R R A RAR

/N)LH— © SNR CTA1, Light curve (Crab,
Geminga), Glitch in PSR1706-44

A2 Orion A
EE : LS| +61 303
N N=

HRIAR I RAR
10EDAGND 7 L 7
3{8DGRB (080825C, 080916C, 081024B)
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A revised EGRET Catalog

— Hartman etal. ApJS 1999
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Thompson, Rep.Prog.Phys. 71, 116901 (2008)
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Hinton, Gamma2008, Heidelberg

Techniques

Air Cherenkov Shower Particles

¢ N ¢ %

Imaging Sampling FuII Enuerage Sparae

Temcupe Arrays Water Gherenk{w Carpei S{:ntlllatﬂr Arrays

J—

5 Ge\f 50 GeV 0.5 TeV 5 TeV 50 TeV 0.5 PeV

« Many different approaches have been tried
« Not all have stood the test of time
« Major projects planned using three of them
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Hinton, Gamma2008, Heidelberg

Limitations to sensitivity
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Hinton, Gamma2008, Heidelberg

Instrument concepts

« But the point-source sensitivity curve is not the whole
story - what kind of instruments do we want?

« A precision TeV instrument CTA/AGIS

« Excellent (<< 0.1° )angular resolution and background
suppression

« An “all sky monitor” HAWC/Tibet MD

« Very large FoV and duty cycle — sufficient area to be sensitive on
~day timescales

» ~10 GeV timing explorer 5@57?
« Low Threshold! (will be systematics dominated for long
exposures)
« 100 TeV instrument Tibet MD/TenTen

» Size. Reasonable (~0.1" ) angular resolution
« A broad energy range observatory CTA/AGIS
« Coverage 30 GeV - 100 TeV with good sensitivity on one site
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Hinton, Gamma2008, Heidelberg

CTA (Cherenkov Telescope Array)

» Concept

« An IACT array observatory y, ) ’

« an order of magnitude more B m o
sensitive than HESS: 1 mCrab - - & rEA

« wide energy coverage: froma ol ) . .
few tens of GeV up to the 100 B » Zﬁ
TeVrange, baseline design A L?;k 2 »
achieves this with a mixture =2 2 B /?f )
of telescope sizes & spacings ) “ ﬁ L

« sites in the South and North ST % L |

« Consortium - - R
« Largely European ../ = ]

« HESS + MAGIC + many others
» 15 countries currently

involved ~150 M€ price tag C T ,.
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Hinton, Gamma2008, Heidelberg

AGIS (Advanced Gamma-ray Imaging
System)

US led ~100 M$ project at concept stage
Goals are very similar to those of CTA

Oneidea is wide field of view + fine pixellation =
secondary optics (and ~100 GeV performance)

Baseline is a 1 km? array, ~50 telescopes
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Rowell, Gamma2008, Heidelberg

Multi-TeV IACT (“TenTen”)

Example Array: 9 x 5 tel. Cells  IEESSYENeENE

- 45 telescopes
-cell L = 500m
- intercell spacing
= 1500m
- 6pe,3pix trigger
8,4 cleaning

msw < 1.05
msl < 1.2

msnp < 1.1
alg3 direction reco.

scale in

- 0.2 km metres -2000 -1000 1000 2000

- 1.8 km
- 100ns time buffer
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Hinton, Gamma2008, Heidelberg

HAWC

* High altitude Water
Cherenkov detector

« Array of water tanks

« 900 tanks each 4.3 m high
and 5 m diameter 1 PMT at
bottom

* 150 m x 150 m array
» 75% ground coverage

« Site: Sierra Negra,

Mexico, alt: 4100 m W
lat: +19° ﬂ-' -
« cf MILAGRO 2630 m alt, 1 sgEl g

lat: +36° (5000 m?Z pond)
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Kawata, TAUP2007, Sendai

Tibet Muon Detector (MD) array

7.2mx 7.2m x 1.5m depth Water pool
20"®PMTx 2 (HAMAMATSU R3600)
Underground 2.5m ( ~5159/cm2~19X0)

Material:
O Concrete pool
O White paint .. A
192 detctors 7. ‘;\
Total ~10,000 m? ]
. 4/

Counting the number of muons accompanying an air shower
= Gamma/Hadron separation

10
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Hinton, Gamma2008, Heidelberg

Angular resolution

« Ata few TeV
we can reach
2 orders of
magnitude
better ang.
resolution
than GLAST
at ~1 GeV
using IACTs

« Resolution >
Science
« source IDs,

resolved
systems...

Adapted from Funk, Reimey Torres, Hinton 2008
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Hinton, Gamma2008, Heidelberg

Angular resolution

Expecting / hoping for: O(1000) sources (galactic + extragalactic)

German Hermann

“#e

6 deg FoV angular resolution: 0.2 deg (> 50 GeV)
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Hinton, Gamma2008, Heidelberg

Angular resolution

Expecting / hoping for :

O(1000) sources (galactic + extragalactic)

German Hermann

6 deg FoV

angular resolution: 0.05 deg (> 1TeV)

at
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Positron excess by PAMELA

Adriani et al., arXiv:0810.4995
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FIG. 3: PAMELA positron fraction with other experimental data. The pmltron fracLF:m
meaaured b) the PAMELA experiment compared with other recent experimental data[.j 24, 30,
QLI 32 33{ l f 34] One standard deviation error bars are shown. If not visible, they lie inside the

data points.

Dark matter? Pulsar? Microquasars?...

T T T T T

General “dark matter”

T

10
E_. (GeV)

FIG. 1: Annhilations of DM directly into ete~ give the ™
line at about Mpar = 150 GeV. The secondary positron spec-
trum from decays into e’ of longitudinal (transverse) W
bosons is labeled WL W (W1 Wi ): the soft component of the
spectra are neglected for illustration. Including the soft com-
ponent {with spin-correlations neglected) results in a much
softer spectrum labelled W W that does not fit the PAMELA
data above 10 GeV. The solid curve is the expected back-
ground. The Med set of propagation parameters is used with
a cored isothermal profile for the DM halo.

Barger et al., arXiv:0809.0162

Gravitino dark matter

0,0 /(0,1 + )

| IIIIIII

|

vl
100
E(GeV)

FIG. 2: Positron fractions for the gravitino dark matter case.
Cravitino is assumed to decay only into the first generation
lepton (plus gauge or Higgs boson). We take ms,2 = 250 CeV,
500 GeV. and 1 TeV (from left to right). and 753, = 8.5 x
1079 sec X (1mig,-/100 GeV )~ '. The MED propagation model

is used.

Ishiwata et al., arXiv:0811.0250




Electron peak by ATIC/BETS
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Figure 3| ATIC results showing agreement with previous data at lower
energy and with the imaging calorimeter PPB-BETS at higher energy. The
electron differential energy spectrum measured by ATIC (scaled by E’) at the
top of the atmosphere (red filled circles) is compared with previous
observations from the Alpha Magnetic Spectrometer AMS (green stars)’’,
HEAT (open black triangles)’, BETS (open blue circles)**, PPB-BETS (blue
crosses)'® and emulsion chambers (black open diamonds)**?, with
uncertainties of one standard deviation. The GALPROP code calculates a Cheng et al., PRL 89, 211301 (2002)
power-law spectral index of —3.2 in the low-energy region (solid curve)™.

(The dashed curve is the solar modulated electron spectrum and shows that

modulation is unimportant above ~20 GeV.) From several hundred to

~800 GeV, ATIC observes an ‘enhancement’ in the electron intensity over

the GALPROP curve. Above 800 GeV, the ATIC data returnsto the solid line.

The PPB-BETS data also seem to indicate an enhancement and, as discussed

in Supplementary Information section 3, within the uncertainties the

emulsion chamber results are not in conflict with the ATIC data.

Chang et al., Nature 456, 352 (2008)
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FIG. 2 (color online). Predicted positron signals above back-
ground (light shaded area, yellow) as a function of positron
energy for mg =m, = m_ = 300, 500, 750, and 1000 GeV.




Summary

@ High energy window of the Universe is now
open!
* Additional 2-3 decades of the photon spectrum

» Wider variety of sources than expected
— Cosmic accelerators are ubiquitous!

* Much work left to understand their physics
» Also: cosmology, fundamental physics
(Hints for dark matter???)
@ Still lacking understanding their nature...
e Need more sensitivity / lower energy / higher energy!
e Huge scale detectors are planned.
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