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Very High Energy (VHE)
v=ray Astronomy:
Status & Future




OUTLINE

« Scientific Motivation
= Origin of cosmic rays

= A new Astronomy
- Beyond Standard Models.

« Experimental Technique

 Latest results from around the world




Cosmic Ray Origin
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Galactic TeVatrons and PeVatrons

Pulsar Nebulae

Rene A. Ong (UCLA)

Supernova
Remnants (SNRs)

Standard picture of SNRs:
SN explodes into ISM.

Diffusive shock acceleration.

E, power-law form satisfied.
But, no unambiguous
evidence so far.

Microquasars
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The VHE Sky 1995
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The VHE Sky - 2003
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The VHE Sky - 2005
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Present Time: August 2006

(Galactic coordinates)

35+ sources

] o 0 n
O Shell type SNR
@ Binary system

m Other or unid. G. Hermann

Background colours indicating northern / southern sky



Source Counts

Source Type* 2003 2006
Pulsar Wind Nebula (e.g. Crab, MSH 15-52 ...) 1 6
Supernova Remnants (e.g. Cas-A, RXJ 1713 ...) 2 6
Binary Pulsar (B1259-63) 0 1
Micro-quasar (LS 5039, LSI +61 303) 0 2
Diffuse (Cygnus region) 0 1
AGN (e.g. Mkn 421, PKS 2155 ...) 7 13




A New Astronomy

New view of the Universe - Many Surprises

One example: Active Galactic Nuclei

Ambient photon
or synchrotron
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M87 Jet

Central BH
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Jets beamed towards us

Remarkable variability

Rene A. Ong (UCLA)
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Extragalactic Background Light (EBL)

distant blazar

M. Beilicke
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Searching for Dark Matter caactc

Center

Galactic Halo

* Enhanced WIMP density in
certain locations.

*  WIMP annihilation - vy, v Galactic
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Experimental
Technique




HE and VHE y-ray Detectors
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Cherenkov Telescopes

y-ray
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Experimental World
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Scientific Highlights

HESS Galactic Plane survey.

Discovery of many new sources, many unidentified.

Detailed studies of Galactic sources:
Supernova remnants.
Pulsars and pulsar wind nebulae.
Binary systems — microquasars.
Diffuse sources.




HESS Survey

Gal. Centre

RX J1713.7-3946
Rene A. Ong (UCLA) Page 18



HESS Survey: New Sources

HESS J1837-069 HESS J1825-137 HESS J1804-216 Gal. Centre

HESS J1834-087 HESS J1813-178 G0.9+0Q.1

Sources > 6 sigma (9 new, 11 total)
RX J1713.7-3946

HESS J1640-485 HESS J1614-518

HESS J1 618-508

Rene A. Ong (UCLA) age 19
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Supernova Remnants
RXJ 1713-3946

SNR RXJ 1713-3946 T T T T T T T T T

~ 8 | RXJ1713.7-3946 T2 ]
N~ Berezkho & Vélk
g astro/ph-0602177

o

= — E

Ll

ES

w

U -

L d =
L E =
e _ M —
~ o F p(r) =
w B ~

e =

- SN
©

o
17h|15m



Pulsar Wind Nebulae:
Vela Region

W. Hofmann

= e s I' - . .
S ". ' s - i..;|I. -II -
:- I"

e:ia (_Ros«atj -*f'

.!é Junior
f32=00 pC
z 700 %

LT :l'.'_ .:.




n—Quasars:
LSl +61 303
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LS | +61 303: the movie




Diffuse VHE
Galactic Center

J. Hinton

Sources
and Cygnus

HESS Galactic Center Milagro Cygnus Region
| EGRET GeV Map underlay

Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)
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TeV emission along Gal. plane.
CRs interacting with molecular clouds.
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o T
8'5 | | | 1

B~ aar N

(4]

Galactic Longitude (deg)

20 |
G. Sinnis

Evidence for new source of
diffuse TeV radiation.
CR interactions !
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Extragalactic TeV Sources

Now 12 known AGN (& M87)

 AGN are Blazars —
relativistic jet beamed to us

* 2 peak spectra

* Highly variable !
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MAGIC — Mrk 421 and model fit.

Rene A. Ong (UCLA)
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Looking out further in redshift.
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Extragalactic Background Light
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Dark Matter |

HESS — Galactic Center.

E2F(E) [TeV/cm?s]

20 TeV Neutralino
20 TeV KK particle
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Avg. Rate per Bin (Hz)

Dark Matter Il

| CACTUS Preliminary —- Pulse Height > 30
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CACTUS (2005) -
Claim evidence for 100 GeV
y-rays from Draco.

2.4 hr data. Large y-ray excess.

Rene A. Ong (UCLA)

Draco Dwarf Satellite

New result from STACEE
(preliminary)

 10.2 hr data, Apr-Jun 2006.

*  No y-ray signal.

* Rate, R <0.085 y/min (95%).

*  Flux (>200 GeV) < 1.9 x 10-" /cm?/s

CACTUS also now sees no signal.
(Tripathi, ICHEP 2006)
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Upcoming
Projects




VERITAS
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VERITAS: 2 Telescope Operation
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VERITAS: Array Completion




MAGIC Il and HESS |

MAGIC-II (2007)

« Second 17m telescope.
— =Ty «  High-QE camera.
AR T"*a_t- (F. Goebel, parallel session)

HESS-II (2008)




LAST - Satellite Telescope

Extensive LAT Catalog

56 Sources from Simulated
One Year All-sky Survey

Results of one-year )
all-sky survey. ® Galactic Halo

(Tota|: 9900 SOUI’CQS) . SEG Cata]og Galactic Plane




Future Directions

GLAST
A. Konopeloko
‘ 10 - 100 GeV 100 GeV - 10 TeV 10 -100 TeV
Pulsars

& PWN

Cosmology

mem  Dark matter

Ong (UCLA)

HESS, VERITAS
CANGAROO Il
MAGIC

SNRs

Origin of

o

cosmic rays

Better sensitivity!

Wider FOV
GRBs

There is a wide variety of
opinion on what
direction(s) to pursue.
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Future Concepts
mini-HAWC

| miniHAWC Layout |
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Future Concepts
Large Cherenkov Tel. Arrays
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S. Fegan

(Current TACTAs ]




The VHE y-ray Science Program

M. Martinez

SNRs

Origin of
Cosmic Rays

Pulsars

Microguasars
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SUMMARY

 New generation of Cherenkov telescopes has yielded
outstanding results — many new sources discovered in
last two years — an unprecedented increase.

- Galactic Plane is rich in the number and type of VHE
sources. Pulsar nebulae and SNRs are both firmly
established in the TeV band. Origin of CR’s is still an
important question.

- New discoveries increase the number of known TeV
blazars and push further out in redshift. Universe is more
transparent than expected.

* No real evidence for DM from TeV y-ray measurements,
but technique is a key complement to direct and LHC.

+  Upcoming experiments on ground (VERITAS) and in
space (GLAST) should continue the rapid development of
VHE astrophysics. Others will follow... !

Rene A. Ong (UCLA) Page 40
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