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VHE SKymap

VHE y-ray Sky Map

(Ey>1 00 GeV)

2009-09-16 - Up-to-date plot available at hitp//www.mppmu.mpg.de/~rwagner/sources/

90 sources (30 Extragalactic + 60 Galactic)

ray sources
Blazar (HBL)
Blazar (LBL)
Flat Spectrum Radio Quasar
Radio Galaxy
Starburst galaxy
Pulsar Wind Nebula
Supernova Remnant
Binary System
Woli-Rayet Star
Open Cluster
Unidentified
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GeV instruments




Fermi 3 Month

Hiagh Confidence Source

e 205 sources with significance > 10c (EGRET found fewer than 30)
e Typical 95% CL error radius is <10 arcmin
(Abdo et al. 2009 ApdS, 183, 46)
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e [ime-averaged
SED is well
described by a
single zone SSC
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Highest energy electrons (y,>2x10°) produce the X-ray emission, but
contribute relatively little above 0.2 TeV




Mrkd21 Simulataneous 0bs.
FERMI + MAGIC

First “simultaneous” GeV-TeV spectrum of Mrk421

Good agreement between these 2 different instruments.

Energy coverage of 5 orders of magnitude without GAPS.
Important for modeling of the source
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Water C-pool and AS array at high altitude
Non-biased SKy Survey
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MILAGRO Galactic plane
observation
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Anisotropy pattern
(cosmic rays)

ARGO-YBJ

Declination (deg)

100 50
Abdo et al., Phys Rev. Lett, 101, 221101, 2008 Right Ascension (deg)




Great success!!
HESS Galactlc Plane Scan

HESS J1912+101 HESS J1857+026 HESS J1848 018

lllllll||ll|llll|llll|llH|l

gllll]llHlHHIlIHlllllIl

HESS J1858+020 HESS J1843-

30

ESS J1841-055 HESS J1834 087 G18.0-0.7 HESS J1813-178 HESS J1804-216 G 0.9+0.1 Sgr A*
# % " HESS J1801-233 ; g

HESS J1837-069 LS 5039 HESS J1809-193 HESS J1800-240 HESS J1745-303 HESS J1731-348

10 o

llll[Illl[lHlIHll]llllII

—
;—-.~0

50

ESS J1713-381 HESS J1702-420 HESS J1634-472 HESS J1616-508 MSH 15-5 HESS J1420-6077
~RX J1713.7-3946 HESS J1626-491 .- HESS J1427-608".

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

340 330

lllllllll]llllllllllllll

|

HESS J1303-631 HESS J1023-575

HESS J1357-645 PSR B1259-63

30

IIHIIIIIIllllllllllllllllll 8 llllllIIIIIIIHlIIH]]IHL

lIIlll|lllllllllllllllllll]l




RX J1713
S VAL CE I ER L EVA

SED and Strong B in the shell suggest Hadronic origin of VHE gammas

| 39 Color HESS observation
Contour Suzaku X-Ray
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Y. Uchiyama, T. Takahashi
Texas Symp. 2006




Shell'type SNRS
IC443(MAGIC J0616)

Composite image
With X(Chandra),
Radio(VLA),
Optical (DSS)

MAGIC J0616
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Pulsarwind Nebulae observation by
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vVliajor galactic leV source

population

» ASSsOociated witn relatively
young (<10° year old) and

energetic puisars

Generally believed that we
see Inverse Compton
emission or 1-100 leV
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Pulsar Wind Nebula HESS J1825-137
Energy Dependent Morpholoqgy

HESS J1825-137 is energetic PWN
Spectral steepening seen away from the
pulsar

Clear evidence for cooling of electrong’in the
Nebula PSR J1826-1334
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MAGIC Crab Nebula (PWN)
Gamma Ray Signals from Crab ~ 0:4Hz

2
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RA [h]

EGRET
Whipple

HEGRA

CANGAROO

Celeste

Stacee

Tibet

H.E.S.S.

Aharonian et al. (2004)

Excess Events

upper limit on size of emission region: >500 GeV o= e =

~250 GeV
center of gravity : : >500GeV Circle

m ~160GeV
® ~250GeV

-+ >500 GeV

Position of Pulsar

|IC peak is estimated to be

i : IC_peak = 77 £ 35 GeV
Energy [GeV]




Detection of Crab Pulsar
after 20 years long effort

Published in Science in 2008
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The MAGIC measurement clarified the
emission mechanism

Spectrum of the energy cutoff

MAGIC 20 U.L. (Albert et al. 2008)
Celeste (De Naurois 2002)
= Whipple (Lessard 2000)
v EGRET (Kuiper 2001)
16.3 GeV exponential cutoff
-=-=-= 20.7 GeV superexponential cutoff
This work :
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Un-1Ds (Dark Sources)

Category

Source

Discovery

Observation

Un-ID

TeV J2032+4130

HEGRA

Un-ID

HESS J1303-631

HESS

Un-ID

HESS J1614-518

HESS

Un-ID

HESS J1702-420

HESS

Un-ID

HESS J1708-410

HESS

Un-ID

3EG J1744-3011 ?

HESS J1745-303

Name Possible counterpart ~ Type® Ty fiw Ng Tk ff  frv/fx  Reference?
HESS J0852—-463  RX JO852-4622 SNR 21 69 4 26 ~10 ~0.7 1,2,3
HESS J1303-631 = ? 24 10 20 20 <064 >16 4,5
HESS J1514-591 PSR B1509-58 PWN 23 16 86 20 3.2 0.5 6,7
HESS 11632-478  AX J1631.9-4752 HMXB? 21 17 210 16 1.7 1.0 8,9
HESS J1640-465 (3338.3-0.0 SNR 24 071 9 30 030 24 8, 10
HESS J1713-397  RX J1713.7-3946 SNR 22 35 8 24 54 0.065 11, 12
HESS J1804-216  Suzaku J1804-2142 ? 27 048 2 <03 0.025 19 8, 13
HESS J1804-216  Suzaku J1804-2140 ? 27 048 110 L7 0.043 11 8, 13
HESS J1813-178 AX J1813-178 ? 21 089 110 18 070 1.3 8, 14
HESS J1837-060  AX J1838.0-0655 ! 23 14 40 08 1.3 1.1 8, 15
TeV J20324-4130 - ? 19 02 7 7 <020 10 16
HESS J1616-508 — ! 24 17 41 20 <0031 >0 This work
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Cosmic Ray accelerator
Active Galactic Nucliei

FRI, FRII Blazars

Gamma factor ~10 _ LINE OF

@ < SIGHT TO
EARTH

1, Jy-ray
Iy
SYNCHROTRON

A g
PHOTON yray

AMBIENT

PHOTON OR p PROTON - INDUCED
CASCADE
PHOTON ‘ 4 SHOCK -

Proton-synchrotron
lg‘ SHOCK

INVERSE - COMPTON
SCATTERING

SMBH 107-10"° M,
M87 (HST)
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Extragalactic VHE sources

Extragalactic VHE y-ray sources :o0°
(E>100 GeV)

Redshift z

2009-09-16 - Up-to-date plot available at http//www_mppmu.mpg.de/~rwagner/sources/

30 sources in 2009 Sep

24 x Blazars, 1 x FSRQ, 3 x FR-l, 2 x Star Burst Galaxies,




Number of extragalactic VHE
Sources
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Mkn421long term light curve

M. Tluchzykont
http://www-zeuthen.desy.de/multi-messenger/GammaRayData/

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

16

Mrk 421 longterm VHE lightcurve § z00m: 200012001
HEGRACTS '
HEGRA CT1
H.E.S.S.

MAGIC
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Mknd421 Flux levels

Frequency
8 & 8
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Intensity variation
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Mrk421 2007-2008 light curve

C.C.Hsu 2009
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MknS501 historical long term light curve
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MAGIC: Mkn501 2005 flares

a few mins fast time variation

24 observation nights in June/July 2005
32.2 hrs good data

Crab Nebula
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Very fast time variability
MrkS501 by MAGIC; PKS 2155 by HESS

Mrk501(z=0.03) MAGIC observation PKS2155(z=0.116) HESS observation

Maa; > 0.26 x 10'8GeV Mag; > 0.72 x 10'8GeV
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ESRQ 3C279(2=0:536)
Viost distant 100GeV AGN
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on EBL spectrum

HESS 1ES 1101

1ES 1101-232

T T T T T

P1.0+Ey, P0.45

Stecker et al., 2006, (fast evolution)
max-EBL (this work)

Primack et al., 2005

Cosmic Microwave Background
Mazin & Raue, upper limit 2007
HESS upper limit, 2006
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——e—— 3¢279, measured
systematic error band
2 EBL-corrected, Primack, o* =2.94 + 0.91
——%—— EBL-corrected, Stecker (fast), a* =0.49 + 1.19

v

fit to measured spectrum:

dN/dE = N, (_ZOOE‘-eV )

| N, =(5.2 £ 1.7)x10™ [TeV'cm2 5]
| a=4.11+0.68

differential flux, dN/dE [TeV"' cm?2 s™]

7080 100 400 500
Energy, E [GeV]
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Morphological studies of potential sources
Cen A (3-4Npc) & Cen B (S6MpcC)
Moskalenko et al. 0805.1260v1

PKS 1343-60 = Cen B
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HESS detection

Excess Events
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13"30™ 13M25™ 13"20™
Right ascension (J2000)

Distance: 3.8Mpc Cross: the best location (COG)
Flux: 0.8% in Crab Unit Circle: 95% C.L. VHE extension limit

Spectral Index: -2.7




V87 flare 1n 2008:
VERITAS; MAGIC; HESS; VLBA

[~ |VHE instruments M87 Jet
® VERITAS
A MAGIC

Y HESS.

200 pc VLA 3.6cm

) B
’ VLBA 20cm

Chandra (2-10 keV)
knot HST-1

| Lo Model of 43GHz Radio flux
using the measured VHE gamma flux

VLBA (43 GHz) Flux [T
®  nucleus (r = 1.2 mas) J l_uzx_[ &
mas| g

B peak flux
jet w/o nucleus (1.2-5.3
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Time
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Dec Ofiset (mas)

V87 flare 1n 2008:
VERITA, MAGIC, HESS, and VLBA

radio lobe (B), angular resolution of imaging atmospheric Cherenkov telescopes

kilo-parsec plasma jet, 2 kpc (C

VLBA resolution (43 GHz

2 1023 1024
length scale [cm]

optical (V band)

radio (6 cm)

30mas (3pc)
radio (43 GHz, VLBA)
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Starburst galaxies
NGC253 (by HESS); MS82 (VERITAS)

VERITAS: M82
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sGuaranteed sources

CTA Galactic sources

Micro quasars Un-ID sources
SNRs LBk
X-ray binaries Dark Sources Pulsars

HESS-like - HESS exposure - HESS sources

Galactic sources
- 200~400 sources with CTA

AGIS/CTA - Flat exposure - Population

Where is PEVATRON???

Simulations: Digel + Funk (Stanford) + Hinton (Leeds)




Kifune Plot

(expectation fromiog S -1og N)
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100 MeV y —1/50 photons shown

HAWC Design L

Array of 900 water tanks
5 m diameter x 4 m deep
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SCORE/ HISCORE

Channel :
Winston cone Simulated layout
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Possible New Classes of Sources

Starburst galaxies
Galaxy mergers

L 2

GRBs

Coma Cluster
0.5-2.0 keV

0.5 Degree

Clusters of galaxies

Dark Matter Annihilation




sSummary

The number of VHE sources is rapidly increasing

Types of sources
® SNR, Pulsar, PWN, HBL, IBL, LBL, FSRQ,, FR-I, Starburst Galaxies

Very fast time variation — a few minutes
® Mkn501, PKS2155

Nearby bright sources, Intensity variation x 50

® Mkn421, Mkn501, PKS2155

Distant sources

® Room for the extra component (Pop-IIl) in EBL is now very small

Very strong limit on the linear term of LIV =» search for second term
LAT GRBs show >30GeV photons € at the source >60-90GeV

Prospects

® There are several promising future projects

® \Wide energy coverage in gamma ray (several decades) = source
® High time resolution = source, fundamental physics

® High quality data (good S/N) = DM search







