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- Detection of Gamma-rays   ~100 GeV  to  ~50 TeV

- Array of 4 Imaging Cherenkov Telescopes      

- Ground-based Stereoscopic Imaging Cerenkov technique

- In Namibia (1800 m  a.s.l.)  23° South 

- 4-Tel System completed December 2003
- Sensitivitiy 5% Crab (1 hr)  
                    1% Crab (25 hr)    ~ 10-13 erg cm-2 s-1    
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H.E.S.S: A Recent Source Catalogue

Dist kpc
Shell/Comp. SNRs RX J1713.7-3946 ~1 (6) 2.2

RX J0852.0-4622 0.5 – 2 2.1
Sgr A East (!) ~8 2.4
W28 2 – 3 
G0.9+0.1 ~8 2.4

Galactic Centre Sgr A* (!) ~8 2.4
Pulsar Wind Nebulae Vela-X  0.3 1.9 or 1.5 + cutoff

MSH 15-52 ~5 2.3
PSR B1259-63 1.5 2.7
HESS J1825-137 4 2.4

Microquasars LS 5039 3 2.2
Unidentified HESS J1303-631 ? 2.2
Galactic Survey 15 New Sources < 2.3 >
Galactic Diffuse Galactic Ridge ~8 2.1
AGN Blazars 1ES 1101-232 z = 0.186 2.9

H 2356-309 z = 0.165 3.1
PKS  2155-304 z = 0.116 <3.3>
PKS 2005-489 z = 0.071 4
M kn 421 z= 0.031 2.1+cutoff(3.1 TeV)

Radio Galaxies M 87 z = 0.0044

Photon Index Γ

--> Origin of CR;  Hadrons or leptons?;  Exotic physics (DM)
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--> First TeV source with resolved morphology

SNR   RX J1713-3946 (G347.3-0.5)SNR   RX J1713-3946 (G347.3-0.5)
2004: 4-tels  33hrs data

2003: 2-tels  18hrs data
Aharonian et al. 2005 astro-ph/0511678

Aharonian et al. 2004 Nat.  

Contours:  ASCA 1-3 keV   Uchiyama etal. 2002
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RXJ1713
Spectrum

Quite hard spectrum
- Best fit:
  dN/dE ~ E−Γ + β log E 

  (E-dep exponent)

Lγ ~ 1034 erg s-1  (d=1kpc)

Total flux ~ Crab

Spectrum extends 

  to E ~ 30 TeV

 (>6σ  E>10 TeV)

Whole SNR

No variation in spectral index vs. location

Hadronic scenario favoured..difficult to 
match X-ray/TeV with Sync/IC.

W
p 
~ 0.1 to 0.3 x 1051 erg (1 kpc, n=1cm-3, E>1GeV)
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RX J0852.0-4622 
   'Vela Junior'

2004 (Feb)

- 3hr observation

- dN/dE ∼ E-2.2±0.1

- 12 σ  from entire

       SNR (rad < 1 deg)    ~ 1 Crab flux             

Lγ ~ 3x1032 erg s-1  (d=200 pc)    

2004/2005

--> further obs. ~15hr           prelim skymap ---------->
      under analysis

ASCA
0.7 – 10 keV
Slane 2001

New 04/05 data

Aharonian et al 2005 A&A 437, L7
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10'

ROSAT (0.9-2 keV)
Markwardt et al. 1995

Vela–X  (PWN)
(G263.9-3.3)

H.E.S.S. Observations
2004/2005
4.6 hrs, E

th
 ~ 250 GeV

Excess of 16σ  (>450GeV)

PSR B0833-45  (89 ms) 

10 kyrs, d~280 pc; power 1.5% Crab 

PWN in radio & X-rays

H.E.S.S. Excess map

dN/dE ~  E  −Γ − β log(E) 

Spectrum to 50 TeV!

Lγ ~ 1033 erg s-1

Crab spectrum

ROSAT 
contours
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PSR B1259-63PSR B1259-63
eccentric binary pulsar eccentric binary pulsar 
                       Johnson et al. 1992                       Johnson et al. 1992

Feb               Mar       Apr/May 04

- 48 ms pulsar + 10 M
sun

 Be-star & disk 
- P

orb
 ~ 3.4 yr   Last periastron 7th Mar 04

H.E.S.S.
- dN/dE ∼ E-2.7         <8%> Crab   
- variable TeV  as for X-rays, radio  

H.E.S.S. results in Aharonian et al. 2005 A&A 442 1

The first-known variable galactic TeV source!

Colliding pulsar
and stellar winds
 IC on  optical 
 photons of star
 Tavani & Arons 

1997
  Kirk et al 1999
(adiab. losses)

Ion interactions:
   π0 decay

 Kawachi et al 2004
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LS 5039:  XRB (High Mass)  & Microquasar LS 5039:  XRB (High Mass)  & Microquasar 
(BH + O star)(BH + O star)

Aharonian et al. 2005 Sci 309,746 - The only pt src. discovered in Gal. Scan!

- 2004 data 10h : 8σ   dN/dE ~ E-2.2

                 

- 2005 data 50h : Now reaches > 30 σ

- Variability?  Orbital (4 d) modulation?
      Studies are underway...........

 - Expect absorption of γ  in optically-thick
    field of UV photons  --> orbital modulation
 
 - Hadronic/neutrino source 
     (Aharonian et al. astro-ph/0508658)

            (see also Böttcher etal. 2005, Dubus 2005)

First TeV microquasar discovered
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Galactic Scan (2004)
|long| <= 30°

--> 14 new TeV sources
--> several Unidentified 

Aharonian et al. Sci 2005 307, 1938
Aharonian et al. 2005 astro-ph/0510397

Scale height:
   ~0.3o rms
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Gal. Scan (2004):  Overview

- 14 new TeV sources   
    (110 hrs + followup obs.  >6σ  post-trial)

- ALL are extended  ~ 2' - 10' (rad)

- Flux   ~7 to 15% Crab

- dN/dE ~ E-Γ    majority   < Γ > = 2.3

- Lat dist ~ SNR, pulsars, mol. gas

- Plausible Conterparts: 
    - SNR (6 cases)
    - PWN (2)

- Not so obvious in 6 cases.
--> more UnID TeV sources
  
  

Source
size

Photon
index
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Galactic Galactic 
Centre Centre 

  - 17 hrs data (2 tel)

   - 11 σ  signal   Point source

   - size < 3' (7pc)   location error 1.5'  (95%)

   - A&A 425, L13 (2004)

2004
Rolland et al 2005 Proc. 29th ICRC (Pune)
- 50 hrs data
- 4 telescopes
- Sgr A (HESS J1745-290)   
   ~  35 sigma        
- No variability (weekly/monthly/daily-->10min) 
- Flux and Spectrum compatible with 2003
   --> new paper in preparation 

- G 0.9+0.1 discovered  (Aharonian et al. 2004)

2003
2004

G 0.9+0.1

Sgr A East SNR ?
Black hole ?
DM Annihilation ?

Colors: H.E.S.S.
Contours: Radio
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2004 Spectrum  
  
spectrum/flux 
consistent with 
2003 results 
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Dark matter Dark matter 
annihilation?annihilation?

Point-like core

Extended tail
Similar to NFW profile

Angular distribution

Pure DM
   --> Spectral shape difficult to match
   --> Angular profile ok ~ NFW profile

Pure DM explanation seems unlikely
although DM+Gamma not ruled out! 

2003 Data: 
Horns PhysLett B (2005) 607,225

2004 Data: 
Ripken et al. (2004)
            Proc 29th ICRC (Pune)

see also 
Profumo (2005) 
         astro-ph/0508628
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Galactic Centre Region: Diffuse EmissionGalactic Centre Region: Diffuse Emission
                                        Aharonian et al 2005 Nature (submitted)Aharonian et al 2005 Nature (submitted)

First Time: 
TeV & Molecular Cloud 
correlation!

After Source Subtraction
Contours: CS line: Mol. Cloud tracer



Jim Hinton 
MPI-R, 

Bonn 
3.12.04 Diffuse Emission from the GC RegionDiffuse Emission from the GC Region

Spectral index
Γ = 2.29 ± 0.07 ± 0.20

Implies harder
CR spectrum than in
solar neighborhood

Proximity of 
accelerator and 
Target

eg. Aharonian 1991
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Extragalactic: New Distant Blazar Extragalactic: New Distant Blazar 
SourcesSources

501421
2155

2344
1426

Costamante & Ghisellini, 2002

2005

1101

2356

1ES 1101-232
z = 0.186

~12 σ

H 2356-309
z = 0.165

~10 σ

Preliminary
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H.E.S.S. Spectra & H.E.S.S. Spectra & EExtragalacticxtragalacticBBackgroundackgroundLLightight

1ES 1101
 Γ = 2.9±0.2

H2356 (x 0.1)
Γ = 3.1±0.2

EBL

Intrinsic
    spectrum
         Γ = 1.5

Preliminary

We expect attenuation (~eWe expect attenuation (~e−−opt_depth(E)opt_depth(E)) of TeV gammas on the EBL) of TeV gammas on the EBL

But intrinsic But intrinsic 
specrum specrum 
should not be should not be 
too hard!too hard!

ΓΓ  <~ 1.5 <~ 1.5 

(IC Thompson (IC Thompson 
regime)regime)
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Spectra & Spectra & EExtragalacticxtragalacticBBackgroundackgroundLLightight

lower limits
from galaxy

counts 

direct 
measurements upper

limits

Most likely EBL before HESS

HESS upper limits

- EBL resolved
- Universe more
   transparent

For details: See  Aharonian et al. (2005) astro-ph/0508073
 HESS collaboration, submitted to Nature
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    Giant Radio Galaxy M87 
H.E.S.S. (2003/2004/2005 data)

31 h obs:       Eth: ~380 GeV

Excess: 211 ± 38 (5.8 sigma)

Aharonian et al. 2005 astro-ph/0504395

First TeV gamma-ray emitting AGN not 
belonging to the Blazar class

Point-like emission

Position compatible with centre of M87 
and HEGRA result

2005 Data  > 7 σ result!
Under study: spectrum, variability.

HEGRA

H.E.S.S.
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Summary 
- H.E.S.S. has greatly extended the TeV catalogue.
    --> now TeV astronomy

- Established TeV emission from Shell-SNR, PWN and a microquasar
    (emission up to 50 TeV)

- Luminosities of order ~ 1033   to  1035   erg/s  (if dist known)
      (except Crab, Gal Cen.  ~ 1035 erg/s)

- The majority of Galactic sources are extended,
     have mostly hard (harder than Crab)  photon spectra <Γ> ~2.3
     many are unidentified   (incl. HESS J1303-631)

- Galactic Centre:  Steady flux; Pure DM ruled out

- Extragalactic AGN Blazars. Two new detections constrain the EBL
                 --> EBL within 50% of lower limit from galaxy counts.

- M 87

--> bright prospects for the future!


