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Abstract: The giant radio galaxy M 87 was observed at GeV/TeVay energies with the H.E.S.S.
(High Energy Stereoscopic System) Cherenkov telescopéseilyears 2003—-2006. The observations
confirm M 87 as the first extragalactic TeMray source not of the blazar type (first indications of aalgn
were reported by the HEGRA collaboration earlier). The Fexay flux from M 87 as measured with
H.E.S.S. was found to be variable on time-scales of yearsarmatisingly also of days which strongly
constrains the size of the emission region. The resultst{posenergy spectrum and light curve) as well
as theoretical interpretations will be presented.

Introduction scopic observation together with a correspol
ing hardware trigger assures that an air showe
Observations of extragalactic objects at GeV/TeV recorded by at least two of the four telescopes,
~-ray energies play a key role in the understand- lowing for an angular and energy resolution
ing of non-thermal processes and emission mod- event ofd© < 0.1° andAE/E < 15%, respec-
els of relativistic plasma jets. Meanwhile, more tively, as well as an improved cosmic ray (Cl
than15 extragalactic Te\y-ray sources are estab- background suppression.
lished, whereas only the giant FR1 radio galaxy
M 87 [1, 2, 3] is not a blazar, making it an impor-
tant object for the understanding of jet formation
and VHE~-ray emission processes in AGN. M 87 ) . ) "
is well studied in various wavelengths — allowing Radio-loud galaxies contain AGN with jets, but
to constrain different system parameters, as for ex- COntrast to blazars the emission is not (stronc
ample the black hole mass, the accretion rate, etc. POPpler boosted due to larger viewing angles |

The H.E.S.S. collaboration operates an array of tween the jet and the observer’s Iine_ of sight.. T
four Cherenkov telescopes [5, 6] situated in radio-loud galax_y M87 |s_|ocated in the Virg
Namibia. The telescopes meas,ure cosmays cIus_ter of galamzshat a dlstancel Slr 15 lr\:[plc

in the energy range betwe&n0 GeV and several (z = 0.0043) and hosts a central black hole
10 TeV by recording the Cherenkov light which is 1. Blazars are active galactic nuclei (AGN) with the
emitted from an air shower which develops when a plasma jet pointing closely towards the observer’s |i
very high energy (VHE) particle (hadron or pho- of sight (the energy and flux of the emitted photons :

, boosted due to relativistic effects, making blazars
ton) enters the Earth’s atmosphere. The stereo-, ...\ 1oy energies).

Variable TeV ~-ray emission from M 87
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Figure 1: Left: Smoothed TeVy-ray excess map and the upper limit on the intrinsic sour¢ension
(99.9% c.l., red circle) together with th80 cm radio contours adopted from [4] as well as the H.E.<£
point spread function (PSkgs). The white box indicates the cut-out of the right imaBéght: The90 cm
radio image [4] showing the large scale structuxe§0 kpc in diameter) of M 87 together with the Te
position (white cross, including the statistical as weltf@s20” pointing uncertainty error) and again tt
extension limit (circle). The black cross indicates theifi@s of the excess reported by HEGRA [1]. Tt
green ellipse shows the extension of the M 87 galaxy in thiealdtand.

(3.2 £0.9) - 10°Mg, [7]. Due to its proximity a power-law functionIN/dE = Io(E/1TeV)~T

M 87 is discussed as a possible source of the high-with photon indices of" = 2.62 + 0.35 (2004)
est energy {0?°eV) CRs [8]. The2kpc scale  andI’ = 2.22 4+ 0.15 (2005). The systematic el
plasma jet (inclination angle a$0° [9]) is spa- ror on the photon index and flux normalisation &
tially resolved in different wavelengths, ranging estimated to bé\T" = 0.1, andAly/I, = 0.2, re-

from radio, optical to X-rays. Previously, evidence spectively. The hard spectrum measured in 2(
(> 40) for E > 730GeV ~-ray emission from  (reaching beyond an energy tf TeV) challenges
M 87 in 1998/1999 was reported by HEGRA [1, 2] hadronic as well as leptonic VHE-ray emission
and no significant emission abod80 GeV was models discussed for M 87 in the literature, <
observed by Whipple [10] in 2000-2003. [11] and references therein.

M 87 was observed by H.E.S.S. between 2003 and The integraly-ray flux above730 GeV is shown
2006 for a total of89h after data quality selec- in Fig. 3 (right) for the years 2003—2006 with
tion. Using hard event selection cuts [6] an excess statistical significance for variability on a year
of 243 ~v-ray events {3 o) was found in the whole  basis of3.2¢. This is confirmed by a Kol-
data set. The position of the excess is compatible mogorov test comparing the distribution of ph
with the nominal position of the nucleus of M87. ton arrival times to the distribution of backgrour
With the given angular resolution of H.E.S.S., the arrival times yielding a significance for burst-lik
extension is consistent with a point-like object with behaviour above o. Surprisingly, variability on
an upper limit for a Gaussian surface brightness time-scales of days (flux doubling) was found
profile of 3’ (99.9% c.l.), corresponding to aradial the high state data of 2005 (Fig. 3, upper ri¢
distance ofl4 kpc in M 87, see Fig. 1. panel) with a statistical significance of more th

sets are shown in Fig. 2 (left) and are well fit by Waveband from M87 and strongly constrains t
size of the emission region of the TeMrays to
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Summary and Conclusion

10"

=y

M 87 (H.E.S.S))

H.E.S.S. confirmed the giant radio galaxy M 87
the first extragalactic Te-ray source which doe:
not belong to the class of blazars. The hard ene
spectrum in 2005 challenges hadronic as well
leptonic models. The surprisingly discovered vé
ability of the TeV~-ray emission on short time
scales of days strongly constrains the size of
emission region and excludes several models
cussed for M 87, leaving a location close to t

gzl ) L . L .
1 10 central black hole as reasonable production :
Energy (TeV) of the TeV y-ray emission. Simultaneous mult

; . avelengths observations and observations in
Figure 2: Energy spectra of M 87 (2004/05 data, w .
using standard event selection cuts [6]) covering a Mel\./ / Gthener%y ra?ge tWI'EE GLA.St.T ar?tﬁf Sp"
range of~ 400 GeV to ~ 10 TeV. Spectra for the clalimportance to estimate the position of the m

2003 and 2006 data sets could not be derived dueimum ofthe VHE peak in the SED and further co

to limited event statistics. The lines show the fits Is_trr?'r; r;lo\(;el param_ttatters. 'I(;gken IM 87 as a':] esl
of a power-law function. ished TeV~-ray emitting radio galaxy, one shou

also mention the FRI radio galaxy Centaurus
(Cen A), whichis located at an even closer distal
R < c-At-§ = 5 xR, whered is the rel- of 3.4 Mpc (z = 0.0018) and shows a jet angle ¢
ativistic Doppler factor of the source of radia- 6 > 50°. CenA is the only AGN not belonging t
tion andR, ~ 10'°cm is the Schwarzschild ra- the class of blazars which was detected in the C
dius of the supermassive black hole in M87. This energy regime by EGRET [14, 15], making a d
very compact emission region excludes a variety tection with GLAST promising. So far, no exce:
of models for the emission of the Teyradiation, =~ was found in the~ 5h of H.E.S.S. data taken il
i.e. CR interaction with matter in M 87, radiation 2004 and 2005 [16].

due to annihilation of dark matter particles, the kpc
plasma jet or even individual knots of the jet, and
leaves only a region very close to the central black
hole as a reasonable production site of the TeV o N
~-rays with possibly novel mechanisms involved, The support of the Namibian authorities and
see [11] for a more detailed discussion. For in- the U_n|ver5|ty of Nar_mbla in faC|I|tat|n_g the con
stance, the observegray flux may be explained struction and opergtlon of H.E.S.S. is gratefu
by inverse Compton emission of ultrarelativistic acknowledged, as is the support by the Gern
electron-positron pairs which are produced in an Ministry for Education and Research (BMBF), tt

electromegnetic cascade in the black hole magne-Max Planck Society, the French Ministry for R
tosphere [12]. search, the CNRS-IN2P3 and the Astroparticle

. . terdisciplinary Programme of the CNRS, the U.
M 87 was monitored during the past years by the : .
Chandra X-ray satellite, see Fig. 3 (right). The X- Particle Physics and Astronomy Research Coul

ray flux of the knot HST-1 (located very close to (PPARC)’. the IPNP of the Charles University,
. South African Department of Science and Techn
the nucleus) increased by a factorob0 between

L ogy and National Research Foundation, and by
2003 anq 2005 [13.]’ whereas the emission of the University of Namibia. We thank D. Harris for prc
nucleus itself remained rather constant. However,

no unique correlation between the X-ray and TeV \r/]f(l;?gutshe Chandra X-ray light curve of the M8
~-ray fluxes can be stated, since the measurements '

were not performed simultaneously.
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Figure 3: Gamma-ray flux above30 GeV. (B) The average flux values for the years 2003 to 200¢
measured with H.E.S.S. together with a fit of a constant fandted line). The flux reported by HEGRA i
also drawn. (A) The night-by-night fluxes for the four indlvial months (February to May) of the high-ste
measurements in 2005 with significant variability on (fluxubdting) time-scales of days. The green poil
in (B) correspond to th6.2 — 6 keV X-ray flux of the knot HST-1 (solid, [13]) and the nucleus (ded,
D. Harris, priv. comm.) as measured by Chandra; the linesirsar interpolations of the flux points.
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