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TeV detectors

Cerenkov and Extensive air shower (EAS) gamma ray telescope concepts

Cerenkov

EAS

shower

Optical detector

Particle detectors
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~40.000 m”2 . but no anticoincidence shield !
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Dependence of collection area and energy
threshold




STEREO
OBSERVATIONS

Gamma-ray “ N
Get ‘3d-Image’ from Shower: \ o ™
==> improved: Y%
+ angular resolution Y 4

+ energy resolution
+ G/H separation

(higher significance in
shorter time)

Cherenkov
light
image

But: o
- need several telescopes
==> more expensive
- (trigger) threshold
~ size of single tel. y

Telescope focal plane

more difficult at low energies (<<100GeV)
(large intrinsic fluctuations in single shower)



VHE Gamma-ray Detectors



Whipple

10 m telescopes
E =>350 GeV
Location: Mt.Hopkins
In operation




First-generation [ACTs

CAT (1996-2003)

o ?‘}&-’ I! il - 2l

Whipple (1969!-2003) ER (19)

Crab nebula (Weeke+ 1989) CANGAROO (1992-2001)
Mk 421 (Punch+ 1992)




Second Generation IACTs (~ 2004)

VERITAS

(USA & England) 1 telescope17 me
2006? - FONIQE |
7 telescopes YO
10 meters @ ee , los

Cang

, HESS

(Germany & Franc

Summer 2003 *

4 (>16) telescopes
10 meters @




Second-generation |IACTs
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HESS (2003)
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CANGAROO-II (2004)



Exercise #6

 Find the information about the 3 major
currently operating IACT telescopes

 Visit the web site of CTA

11



Exercise #6

 Find the information about the 3 major
currently operating IACT telescopes

* Visit the web site of CTAO
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H.E.s.sN

About H.E.S.S. Collaboration Publications Contact Internal

Welcome

Welcome to the webpages of H.E.S.S., one of the leading observatories studying very
high energy (VHE) gamma-ray astrophysics. To learn more about H.E.S.S. and the
high energy universe, or to view pictures from the telescopes and the site in Namibia

visit the About H.E.S.S. section.

Follow H.E.S.S. on Twitter, on Facebook and on Instagramm for news regarding
the H.E.S.S. instrument and its science.

N
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H.E.s.sN\

News

Source of the Month

November 2023 - The Vela Pulsar - the
most Highly Energetic Clock
More Info | All Sources

External Proposals for
H.E.S.S. Observations

Requests for Observation
of Targets of Opportunity
with H.E.S.S.

https://www.mpi-hd.mpg.de/HESS/
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MAGIC

K] The MAGIC Telescopes

Gamma-ray astronomy at low energies with high sensitivity

GENERAL INFORMATION SCIENCE WITH MAGIC MAGIC MEMBERS MAINTENANCE

R mAcic >

Welcome to MAGIC!

The pioneering instrument for covering the electromagnetic
spectrum in the energy range above 30 GeV

Statement of MAGIC scientists in solidarity with Ukraine

Recent MAGIC Highlights

° MAGIC Telescopes scrutinize the center of our home
Galaxy for fingerprints of dark matter

° D MAGIC Telescope System detects energetic nuclear
blast from vampire star

https://magic.mpp.mpg.de/
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The MAGIC Telescope

Major Atmospheric Gamma Imaging Cherenkov telescope

Located at the Roque de los Muchachos on La
Palma, Canary Islands (Spain) at -2200 m s/

SE s e 3
s R e
.......

Li}, Palma Largest imaging Cherenkov telescope

for yray astronomy
Designed for:
» Low energy threshold Ew=50 GeV

* Fast repositioning in < 30 s
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Construction 20012003 NOT,
Inauguration 10/10/2003 %N G/KVA
Commissioning 2004 ‘ EESWRGIC ‘i‘. Sl A uf

Cycle I 20052006






Key technological elements for MAGIC

high reflective diamond milled aluminum mirrors

Active mirror control
(PSF: 90% of light in
0.1° inner pixel)

2-level trigger systgm'
& 300 MHz FADC system




The trigger architecture

Choose the number of photoelectrons
per pixel you want to use in the trigger

The trigger is split into two stages:
level 1 (L1) and Thellisa
fast coincidence device (2-5 ns) with
simple patterns (n-next-neighbor

logic) while L2 is slower (50-150 ns) @ e e erm e
but can do a more sophisticated
patter recognition. C%D Make a tight time
Level 1 coincidence
L 1 I s o con on simple pgttern
of compact images
@ % @j and enable L2

efeeirea , e Level 2 Make an advanced pattern recognition

15) to use topological constraint:
epixel counting in a given region of the detector
emask hot spots like bright stars

@ srough center of gravity of the image...etc.....

To FADC

of 36 pixels for L1
and L2

Trigger macro-cell (




MAGIC telescopes




MAGIC — Il

= Energy threshold ~50 GeV (~ 25 GeV
with a special trigger)

= FOV 3.5deg

= Energy Resolution ~16% (E>300 GeV)
» Angular Resolution ~0.07deg (E>300
GeV)

= Sensitivity (5 0 in 50 hours) ~0.8%
Crab Nebula flux (> 250 GeV)

Michele Doro - From MAGIC to MAGIC stereo - Ricap 2011

Colin, ICRC 2009

'Desigﬁ

= Solar power-plant design

* 17-m diameter

= F/D=1

+ ~500kg camera

+ Signal digitization off-telescope

» 64 tons total moving weight

» Fast-movement (GRBs): 20 sec ptp

al “Mn

» Worldwide largest mirror dish.
« Lightweight CFRP tubes for structure
» Diamond milled light weight all-

aluminum sandwich mirrors

» Active mirror control
» Low gain hemispherical PMTs with

diffuse lacquer coating

» Transmission over 160 m by optical
» 2 GHzFADCs

MD, ICAPTT 2008



MAGIC — Il

Improvements

Angular resolution
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» Extended sources and morphology now
possible

» Sensitivity improved of 100% over most of
the energy range

= Better performance specially at low energy
(<100 GeV)

Integral sensitiyity fcm? 1]
2 2

10"
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Michele Doro - From MAGIC to MAGIC stereo - Ricap 2011

TTTTTIy

T Tllllll TIHI.H]

T llllll[

Preliminary

= MAGIC |, data
— MAGIC Stereo, data
- = = MAGIC Stereo, MC

1 'l 1 1 1 '

10?

Energy threshold [GeV]



VERITAS

VERITAS

Very Energetic Radiation Imaging Telescope Array System

Search ...

Home Contact News (most recent: 2024-Jan-22) Whipple Internal
Home Main Menu
Home
Welcome to VERITAS About VERITAS
Atmospheric Cherenkov Technique and VERITAS
Technologies
[# Published: 01 January 2004 o VERITAS Specifications

People

VERITAS Outstanding Contribution Awards
VERITAS Governance

VERITAS Code of Conduct

VERITAS (Very Energetic Radiation Imaging Telescope Array System) is a ground-based gamma-ray instrument operating at the Fred Lawrence Whipple Observatory History & Timeline

(FLWO) in southern Arizona, USA. It is an array of four 12m optical reflectors for gamma-ray astronomy in the GeV - TeV energy range. These imaging Cherenkov Funding

Quick link to our results pages (one page per paper, with descriptive text and all figures).

https://veritas.sao.arizona.edu/
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TeV detectors

Air Shower

Reconstruction of the y direction

with the particles arrival times
extensive air shower

Large field of view: ~ 7 sr

Duty cycle ~ 100%

shower front Gamma-hadrons discrimination:

ground array L-poor showers




TeV detectors

Longitudinal development of the electron component of photon initiated shower
( with electron threshold energy of 5 MeV and fluctuations superimposed )
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TeV detectors
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TeV detectors
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EAS technique

Charged particles produce Cherenkov photons in water
~1400 times more Cherenkov photons than 1n air per

unit length track of charged particle
Cherenkov cone in water ~41°  (in air: less than 1° )

Uniform sky view with an array of PMTs

Direction reconstruction through PMTs signal times

A

Y 7
BN NS i EEN

8 meters

Y

|< 50 meters >
80 meters >



Wide Angle Telescopes

Tibet AS-y— Air Shower Array
ARGO — Carpet array with RPC
MILAGRO — Water Cherenkov

Advantage: Wide Angle 0.511~111
Non-bias observation

Cons: Moderate sensitivity
~50/yr'2 for Crab
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Crab : 55 in ~50 days
Mrk 421 flare

Threshold ~ 0.5 TeV




ARGO

Area 5.200 m?2 (full coverage)
(10.000 m? with guard ring)
Field of view ~ | sr

E =50 GeV -50TeV
Location: Tibet 4300m alt.

102 m

a7 m

s

CLUSTER

17400 Pads 56 by 60 cm? each of Resistive
Plate Chamber (RPC).

Each pad subdivided in pick-up strips 6 cm
wide for the space pattern inside the pad.
The CLUSTER is made of 12 RPCs Pads




TIBET air shower array

Yangbajing

Lahare

New Delhi

Cal
bay

Our air shower array consists of 697 scintillation
counters which are placed at a lattice with 7.5 m
spacing and 36 scintillation counters which are placed
at a lattice with 15 m spacing. Each counter has a plate
of plastic scintillator, 0.5 m? in area and 3 cm in
thickness, equipped with a 2-inch-in-diameter
photomultiplier tube (PMT). The time and charge
information of each PMT hit by an air shower event is
recorded to determine its direction and energy. The
detection threshold energy is approximately 3 TeV,
which is the lowest one achieved by an air shower
array in the world.
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MILAGRO

Cherenkov in water, F -gE e R~
Arizona . (| m_%

Crab:

~5c in 100 days
Median energy ~20 TeV
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HAWC

~ Large Milimeter Telescope = el

Pico de Orizaba, altitude 4100 m, latitude 18° 59’ N
HAWC Two hours drive from Puebla, four from México City
Site of Large Millimeter Telescope (existing infrastructure)



HAWC

Sensitivity to Point Sources

e Long integration = =
times lead to & 10" s, FOMELAT -
- *=da Whipple "o Milagro 1 yr
excellent > % \_/
sgnsmwty at | T I s
highest energies ¢ °
(> few TeV) 0
10-13 = ol _ 0.1x Crab
e 50 sensitivity to: f WCTuS0lwonsacs  HESS/VERITAS.. —HAWC1yr/Syr
10 Crab in 3 min [ EAS: 115y uming e s
1 Crab in 5 hr 10-14 '102 . "“|3 1 ! 1“-’4 T -‘“_105]‘ x Crab
i 1 10 10 1
0.1 Crab in ¥3 year energy [GeV]

¢ Around 15x the sensitivity of Milagro
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HAWC
HAWC

The High-Altitude Water Cherenkov Gamma-Ray Observatory

Home ’ News ‘ Science ‘ Observatory ’ Details ‘ Publications ‘ Collaboration ‘ Contaét ‘ Support ’ Espaniol ‘

Latest News
HAWC reveals new look at the very high-energy sky (read more...) -
High Altitude Water Cherenkov

Gamma-Ray Observatory

Quick Links:

News
e Latest news from HAWC
- (EAEX3
:
TeV Astronomy

e (Catalog of TeV Sources
e TeV Review Papers

. Milagro Links
April 18,2016

e Milagro y-Ray Observatory

http://www.hawc-observatory.org a1




Large High Altitude Air Shower Observatory ED: 5137, fmdm:2m
m spacing
Yangbaling, 4300m a.s.l., 606g/cm” _ S MD: 1161, 6m=6m<2cm
5o oo 30m spacing
T WFCA: 3x8, 16x 16pixels |
130m spacing |
SCDA: $000m’ (r:80m)
WCDA: 4x900
®170mcdm
300m spacing
IACT: 2
100m spacing

M
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The LHAASO experiment

The Large High Altitude Air Shower Observatory (LHAASOQO) project is a new generation
all-sky instrument to investigate the ‘cosmic ray connection' through a combined study of
cosmic rays and gamma-rays in the wide energy range 10'" -- 107 V.

The first phase of LHAASO will consist of the following major components:

e 1 km? array (LHAASO-KM2A), including 5635 scintillator detectors, with 15 m spacing, for
electromagnetic particle detection.

e An overlapping 1 km? array of 1221, 36 m? underground water Cherenkov tanks, with 30
m spacing, for muon detection (total sensitive area 40,000 m?).

* A close-packed, surface water Cherenkov detector facility with a total area of 90,000 m?
(LHAASO-WCDA), four times that of HAWC.

e 24 wide field-of-view air Cherenkov (and fluorescence) telescopes (LHAASO-WFCTA).

e 452 close-packed burst detectors, located near the centre of the array, for detection of
high energy secondary particles in the shower core region (LHAASO-SCDA).

4o



LHAASO main components

1 KM2A:
5635 EDs
1221 MDs

WCDA:
3600 cells

G. Di Sciascio, CSN2 Rome July 21, 2015

Coverage area: 1.3 km?

WFCTA:
24 telescopes
1024 pixels each

SCDA:
452 detectors




LHAASO
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LHAASO
LHAASO

The Large High Altitude Air Shower Observatory -

Home News&Events Science Observatory Publications Public data Collaboration Gallery

Kilometer Square /Array

http://english.ihep.cas.cn/lhaaso/
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The unexplored spectrum gap

THIRD EGRET CATALOGUE OF GAMMA-RAY POINT SOURCES
E > 100 MeV

« Satellites give a nice

crowded picture of energies v
Upt010 GeV. '.'/.’
oo 0N

PS *
lo [
oPep -180

80 o000 B8
. 03 o$
NN . ol o
L
¢ *
-90
@ Active Galactic Nuclei
m Pulsars

Galaxies
EGRET Unidentified Sources

. VHE Gamma Sources (E > 300 GeV)
* Ground based experiments show

very few sources with energies >
~300 GeV.




The VHE vy ray sky

2005

VHE Gamma Sources (E > 100 GeV)

(Status August 2005) + some additional sources
+9 1ES1218 in galactic plane.

1995

+180

1
alactic center| RXJ 1713 WHE J1303-6p Cen X-3

\LS5039 SNRG0.9 PSR [1706-44

PKS2%5-304

-180

Crab

Galactic Coordinates

-90

B = Pulsar/Plerion O =SNR % = Starburst galaxy QO = 0B association u Pulsar ¢ AGN

€ =AGN (BL Lac) A =Radio galaxy X =XRB @ - Undetermined
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TeV Source Catalog

http://tevcat.uchicago.edu/




The TeV Catalog 2012




The TeV Catalog 2016




The TeV Catalog 2021




The TeV Catalog 2024




TeV Sky Survey

» HESS Galactic plane survey
sees many new TeV

sources (Aharonian et al.
2005)

— This might possibly inform a ;
detailed model of the °
distribution of CR sources,
although the distribution is  “....
so confined to the plane that °
the sources (probably
plerions and SNR) are at e W A

least several kpc distant
59




The Galactic Plane survey

HESS J1912+101 HES J1857¢026 HESSJ1848018 HESS J1846- 029—
‘ (Kes75)

The HE.S.S.
Galactic Plane Survey

HESS J1858+020 HES! J%843-0

ESS J1841-055 HESS J1834-087  HESS J1825-137 HESSJ1813-178 HESS J1804-216 HESS J1747-281
: (G18.0-0.7) : " HESSJ1801-233  ‘©%%01) HESS J1745-290

5 _ 3 (GC)
s ) ..;
‘, '
‘ " (LS 5039) : E :
HESS J1837-069 HESS J1826-148 HESS J1 HESS J1800-240 HESS J1745-303 HESS J1731-348

ESS J1713-381 HESS J1702-42 HESS J1634-472 HESS J1616-508 HESS J1514-591 HESS J1420-6072
(CTB378) HESS J1713-397 .- S HESS J1626-491 .- MSH1652) pESS J1 427608 - E
- (R')( J1713.7-35486) R

. . | L &
+ . g : . HESS J1442-623 .
; 5 ; " (RCW 85)

ESS J1718-385 HESS J1708-410 HESS J1640-465 HESS J1632-478 HESS J1614-518 HESS J1418-60

HESS J1303-631 HESS J1023-575

oN &

(PSR B1250-63)
HESS J1357-645 HESS J1302-638

L O S O100 mhek

an

Aharonian et al. 2006




The Galactic Plane survey

_ Planck CO(1-0) map

SN 1006

\ 315

e HESS J0632+057

el
s #
SN

[ H.E.S.S. Survey
[1 HEGRA Survey
VERITAS Survey
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viee Ml fvm-of "’0001-~ e S 4 {..
I R P o | e
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Aharonian et al. 2018




The Galactic Plane survey

8
Composite

pinery "

36
Not firmly identified

Aharonian et al. 2018




The Galactic Plane survey

Galactic Latitude (deg)

Galactic Latitude (deg)

4 2 0 358 356 354 352 350 348 346 344 342

Galactic Longitude (deg)

Aharonian et al. 2018




The Galactic Plane surve

Galactic Latitude (deg)

Galactic Latitude (deq)

44 42 40 38 36 34 32 30 28 26 24

Galactic Longitude (deg)

Aharonian et al. 2018
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MILAGRO Sky Survey

Milagro reports detecting the diffuse emission of the
Milky Way at >1 TeV energies (Abdo et al 2008)

0 Dec=50) Dec=40 Dec=30 Dec=20) Dec=10) Dec=0)
8 =
6 —
JE
= o J2019+37
— AR e
00— 4
2ES 20
4 — ‘
sE=
-8 —
: lllllllllllllllllllllll
090 80

Galactic Longitude (degrees)

Abdo et al. 2008
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HAWC Sky Survey

« HAWC 31 catalog of Gamma Ray sources

B 10 3 6 9 19 15 18 21 24

Albert et al. 2021
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HAWC Sky Survey

HAWC 3" catalog of Gamma Ray sources

Albert et al. 2021




WCDA (1 TeV <E < 25 TeV) Significance Map

https://arxiv.org/pdf/2305.17030
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LHAASO Catalog

100 90 80 70 60 50 40 30 20

https://arxiv.org/pdf/2305.17030
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HESS “new” sources

—
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4] 30 20 10 0 350 340 3?0

Galactic Longitude (deg.)

Close-up view of the new sources, discovered in the
Galactic plane scan. Shown as white circles are
close-by supernova remnants , that are known to be
sources of very high energy gamma-rays (with the
radius of the circle representing the size of the
supernova remnant). Also shown in white are close-
by pulsars, another class of sources of very high
energy gamma-rays.
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HESS Diffuse Gamma-Ray

Supernova Remnant G0.9+0.1

HESS J1745-290 (The Galactic Centre)

Emission along the Galactic Plane

Mystery Source HESS J1745-303
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78 77 76
Galactic Longitude [Deg]

81 80 79

http://arxiv.org/abs/0912.4492

Significance [o]

8
6
4
2
0

@ & A D

73



free propagaQ

CR

CR origin and propagation

SNR

confined
to accelerator

Target ¢
near accelerator

VHE gamma rays from secondary interactions:
p: n° production and decay
e: Inverse Compton scattering and Bremsstrahlung

Trace beam density x target density
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Astrofisica Nucleare e Subnucleare
VHE Galactic Sources



The supernova remnant

ROSAT CANGAROO
(keV) (TeV)
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HESS — SNR in VHE gamma

RX J1713.7-3946

17h15m

Aharonian et al. 2004

17h10m
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: ‘J(.\i’ cm

E“dN/dt

,
E“dN/JE

[ MeVem™“s !

hadronic 4

r}“
b4

Energy | MeV |

Fermi LAT results on RX J1713.7-
3946 (Abdo et al. 2011)

Although the leptonic model is preferable,
the hadronic model is not excluded
because of the possible energy dependent
CR penetration in to the clouds. The main
problem of the hadronic model is the
absence of thermal X-rays.



... but Tycho ..
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- " ' Wide-Field Radio Image of the
The Galactic s

Ser D HII g A =90 cm

- (Kassim, LaRosa, Lazio, & Hyman 1999)
‘ el l er SgrD SNR 4

SNR 0.9+0.1 .

Sgr B2 /;ﬁ . New SNR 0.3+0.0

Threads
7 <« New Feature:
The Cane

"“Background Galaxy

5 L > Threads
-

—

New thread: The Pelican

structure?

*
' ( Sgr C  Coherent \

Mouse »

SNR 359.0-00.9 % \

SNR 359.1-00.5

~0.59
~75 pc
~240 light years Tornado (SNR?)

Image processing at the Naval Research Laboratory using DoD High Performance Computing Resources «
Produced by N.E. Kassim, D.S. Briggs, T.J.W. Lazio, T.N. LaRosa, J. Imamura, & S.D. Hyman
Original data from the NRAO Very Large Array courtesy of A. Pedlar, K. Anantharamiah, M. Goss, & R. Ekers




Number of events / Sdegrees

TeV gamma rays from GC
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CANGAROO Whipple
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Point source (on 0.3° resolution scale)
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Galactic Center

Supernova Remnant G0.9+0.1

O

HESS J1745-290 (The Galactic Centre)

SgrA

Diffuse
emission

\\_ - A .
~Emission along the Galactic Plane
Nature, Feb. 9th 2006 Unidentified Source HESS J1745-303 : g

\




Sagittarius A

Sgr A East
-28.9 SNR

Systematic
pointing error

|
17h46m 17h46m

TeV H.E.S.S.
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* Power law,
index 2.3

 No significant
variability
— on year scale

— on month
scale

— on day scale
— on hour scale

— on minute
scale



Sgr A East SNR as proton accelerator ?
Decaying UHE neutrons ?
Shocks in Sgr A* accretion flow or wind.?

e ———

Curvaturefadiation of UHE prdtons near Sgr A*
Dark matter annihilation ?

— "Normal” SU§Y neutralinos
— Kaluza-Klein particles
— SUSY messenger sector




EF(E) [TeV/cm®s]

10-11

Dark matter annihilation ?

—_—
Q
N
N
\

10-13

Preliminary |

0,1

For pure DM
origin

 rather large mass
 large x-section or

density

e unusual spectrum or

superposition of
spectra



Galactic latitude (degrees)

The “Pevatron”

| |
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Abramovski et al. (2016)
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The “Pevatron”
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The “Pevatron”
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LHAASO Pevatrons

LHAASO Sky @ >100 TeV

=l 15

Significance (o)
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Crab Nebula
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A (minimal) standard model: what do we expect?
Explains most of the observations, not necessarily the most interesting. ..
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The Crab PWN

Crab Nebula JE-VHE coverage

Lrap Nebuia >pectrum
MAGIC Stereo in combination with neighbouring wavelengths

Complete
coverage!

E’Flerg cm™*s7)
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3
-

8
H
|

10"

107
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107 107 10" 1 10 10° 10’ 10* 10*
E[GeV]
Crab Nebula Spectrum MAGIC Stereo
November 13-15th 2009, 190min effective observation time
§ 10°:
- g Low energy!
g 107
~ E
S ot PRELIMINARY
E 0%~
& -
30
= E
10"
E = current fit: curved power law
'o_u;_ = MAGIC Ap) 674, 2008

F H.ES.S. AA 457, 2006
10 = = HEGRA ApJ 614, 2004

|4>_~ T W U U — V U SIS TS T W SRS SN GRS v e .-
e 10 10° 10°
Michele Doro - From MAGIC to MAGIC stereo - Ricap 20 ElGeV])

m 3.2 h of good data in Nov. 2010
m Complete overlap with Fermi

m Spectrum measured from
40-50 GeV to 30-40 TeV
m Test source for M-stereo
Technical Crab paper in prep.
Physics Crab paper in prep.
» Improved estimation of HE
bump will be provided
» Regarding first HE flare (Agile,
Fermi), MAGIC-stereo did not
detect significant VHE flares
(ATEL#2967, sep.2010)

m We monitor Fermi data for
flares
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Pulsars: GR & Electrodynamics
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MAGIC — the Crab PSR
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The Crab PSR

The Crab still beats.
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Crab Nebula pulsar phaseogram
(Oct 2007 - Jan 2008)
A0°

§ e

m To reach energy as low as 25 GeV
special “sumtrigger” used

= In 2008, Crab pulsar detected at
VHE (Science 322 (2008) 21)

m Again observed with M-stereo:
publication in draft
—see next ICRC

» Now used Fermi phaseogram
rather than EGRET one

m Veritas showed here the detection
above 100 GeV - see Ragan’s
talk



The Crab with VERITAS




The Crab with VERITAS
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Excess Counts/(Bin Width/0.007)

Excess Counts/(Bin Width/0.007)
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Crab PSR

SR,
= -

R,, = 30R, (this work)
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Termination shock
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Non-thermal nebula

Aharonian et al. (2012)
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Pulsar Wind Nebulae

Supernova
Interstellar Material Blast Wave
and Swept-up
Shell
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Pulsar Wind Nebulae

Declination
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Pulsar Wind Nebulae
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PSR B1259-63

wind interface 10
periats;tron 02/2004_ ) 9]
epoch © V7o
=Binary system TS wind flow line

»Strong stellar wind
» Shock at wind-
pulsar interaction

PSR B1259-63

stellar disc

Flux (=380 GeV) 10-'2¢m~2s-1

H.E.S.S. pulsar orbit

PSR B1259-63  beostricsy J o6y



PSR B1259-63

CANGAROO
Kawachi et al. 2004
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Complex structure depending on alignment
of pulsar and stell?lg wind
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PSR B1259-63
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VHE Binary Sources

MICROQUASAR BINARY PULSAR

Cometary radio emmission

Companion star
Pulsar

Relativistic jets

]

Compact object
of center

Accretion disk Disk outflow
Ultraviolet and Pulsar —

optical emission { é V-rays /




SS433 HAWC
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SS433 HAWC

As the plasma jets emanating from Eross cactiomit rabyla
the bla_ick hole'of 55433 strike the GAMMA RAYS INOTTO SCALE)
gases in the surrounding nebula, they

are converted into extremely high
energy gamma rays.

PLASMA JET

BLACK HOLE
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NEBULA SURROUNDING
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