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Abstract: A recently proposed novel technique for the detection ofréosays with arrays ofmag-

ing Atmospheric Cherenkov Telescopespplied to data from the High Energy Stereoscopic System
(H.E.S.S.). The method relies on the ground based deteatiGherenkov light emitted from the primary
particle prior to its first interaction in the atmosphere. eT¢harge of the primary particle (Z) can be
estimated from the intensity of this light, since it is prejanal to Z2. Using H.E.S.S. data, an energy
spectrum for cosmic-ray iron nuclei in the energy range 08-eV is derived. The reconstructed spec-
trum is consistent with previous direct measurements atitkisnost precise measurement so far in this
energy range.

Introduction Technique

At present the best measurements of elementalWhen cosmic rays enter the atmosphere they €
composition of cosmic rays in the energy range 1 Cherenkov light ( so calleBirect Cherenkov Light
GeV to 0.5 PeV come from long duration balloon ) above an element-dependent energy thresh
flights [1]. Because of the decreasing flux of cos- The Cherenkov angle increases with the den:
mic rays and the limited collection area of these ex- of the surrounding medium. The emission &
periments £1 n?), it is hard to extend such mea- gle of the DC-light therefore increases with i
surements to higher energies. A further improve- creasing depth of the primary particle in the atnr
ment in the accuracy and energy range of compo- sphere, creating a light cone on the ground wit|
sition measurements of cosmic rays could however radius of roughly 100 m (see Fig. 1). At a ty|
provide crucial information about the acceleration ical height of 30 km the particle interacts and
mechanism and propagation of these particles. particle cascade is induced (Extensive Air Show

In 2001, Kieda et al. [2] proposed a new method EAS). The Cherenkov light from these second:
for the measurement of cosmic rays withaging particles creates a second, wider, light cone on
AtmosphericCherenkovlelescope$lACTs). The ground.
measurement from the ground takes advantage ofThe intensity of the DC-light is proportional to th
the huge detection area-{0°> m?) of IACTSs, in square of the charge Z of the emitting particle, &
principle enabling the extension of spectral and can therefore be used to identify the primary p
composition measurements up 4ol PeV. Here  ticle. The challenge for detecting DC-light is 1
we review this technique and describe its appli- distinguish it from thex100 times brighter EAS-
cation to data from théligh Energy Stereoscopic light background. Because the DC-light is emitt
Systenf{H.E.S.S.). We present the measurement of higher in the atmosphere, it is emitted at a sma
the iron spectrum and give an outlook on future ap- angle than the EAS-light, and is therefore imac
plications of this method (a more detailed descrip- closer to the shower direction in the camera pla
tion of the analysis and the results can be found in A typical emission angle for DC-light i8.15° to
[3D). 0.3°, whereas most of the EAS-light is emitted
angles greatep.4° from the direction of the pri-
mary particle. The H.E.S.S. Cherenkov camet
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ages were calibrated and the particle energy
direction were reconstructed using the stand
H.E.S.S. analysis [4, 5]. Afterwards, the DC-Lig
is identified as a single high intensity pixel in tf
aforementioned angular area of the camera (I
1). Once a DC-light pixel is found in a camera ir
age, the DC-light intensityp is reconstructed by
subtracting the mean intensity of the neighbori
pixels Ijeighb. pixels from the DC-pixel intensity:

=30 km

Shower direction DC-light

20

-

- EAS-ight
Ipc = IDC—pixel_ < Ineighb.pixels > (1)

In total 1899 events with DC-light detection in i
least two camera images were found in the data
(events with DC-light detection in only one came
image were not considered in the analysis to
~100m | imize systematic uncertainties [3]). The elemer
composition of these events is estimated using
Z dependence of the DC-light intensity. The r

Figure 1: Schematic representation of the constructed chargg* is defined as:

Cherenkov emission from a cosmic-ray primary .
particle and the light distribution on the ground and 2" =d(E,0)V Inc, @)
in the camera plane of an IACT. whered is the zenith angle, E the reconstructed

ergy of the particle and(E, 0) is a factor that nor-
malizes the mean of th&* distribution from iron
simulations to the atomic numbeft of iron. The
fraction kg, of iron events among the data is ths
measured by a two-component model fit to #ie

with pixel sizes o0f0.16°, are therefore able to re-
solve the DC-emission as a single bright pixel be-
tween the reconstructed shower direction and the

center of gravity(cog) of the EAS-image in the distribution of the data. The first component of t

camera plane (Fig. 1). model is theZ* distribution of simulated iron nu:
The energy range over which this technique can be ¢jgj. The second component is a sum of the

applied depends on the charge of the primary par- gistribution of lighter nuclei. The relative compc
ticle [2]. At lower energies the limiting factor is  sjtion of the lighter charge bands (= all except t
that the primary particle momentum must exceed jron pand, defined as:224) is kept fixed to a ref-
the Cherenkov threshold. At very high energies, grence composition, so thag. is the single free
the EAS-light outshines the DC-light, making the - parameter of the fit. The reference compositior
detection of the latter impossible. The reason for tzken from the elemental flux compilations give
this is that the intensity of the EAS-light increases i [, 7]. The flux errors of these compilations a

approximately linearly with energy, whereas the gfterwards propagated into the fit result.
amount of emitted DC-photons remains basically

constant above a certain energy. Because of their

large atomic number and high flux compared to Iron Flux

other heavy elements, iron nuclei are well suited

for DC-light detection. The lower energy thresh- The iron fraction in the data was measured in f

old for the detection of these nucleidis10 TeV. energy bins. The differential iron flux(E) can
then be estimated in each bin as:
Npc(E)
H.E.S.S. Data F)= D™
¢( ) Aeff(E) . AE . t kFe, (3)

A total of 357 hours live time of H.E.S.S. data where Npc(E) is the number of detected DC
were considered for the analysis. The camera im- events in the energy interval frofi to £ + AF,
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Figure 2: Differential iron energy spectrum measured witk.8.S. for the hadronic models QGSJi
and SIBYLL multiplied by B for better visibility of structures. The spectral points fmoth models
are measured for the same energies. For better visibilgyStiBYLL points were shifted 10% upwarc
in energy. The error bars show the statistical errors. Tlséesyatic flux error in each bin is 20%. Tt
measurements from balloon experiments with data pointseatighest energies are shown for compari
[8, 1, 9]. When comparing the measurements one should beainith that the experiments have differe
charge thresholds for their definition of the iron band (sgehd).

t is the total live-time of the data-set antlg is The resulting iron energy spectrum is shown
the mean effective area times the field of view of Fig. 2 for both hadronic models, together wi
the detector, averaged over the zenith angle of thethe highest energy baloon measurements. The
observations, taking into account the efficiency of rived spectra agree well with these measurem:
selection cuts. for both models and are well fit by a power la

Ao is derived from atmospheric shower simula- ¢(E) = ¢o(55¢) 7. The best fit values for the
tions of iron nuclei. These simulations rely on SIBYLL spectrum are given by, = (0.029 +
the detailed modeling of the hadronic interaction 0-011) m~?sr—! TeV~' andy = 2.76 £ 0.11 with
in EAS-showers at energies that are not accessiblean x*/ndf of 3.0/3. For the QGSJET spectrum {|
to current particle accelerators. To assess the sys-Pest fit values arey = (0.022 £ 0.009) m~?sr!
tematic errors arising from uncertainties in these 1€V~ ' andy = 2.62 & 0.11 with x*/ndf of 5.3/3.
interactions, the analysis is performed with simu- The difference between the two measured spe
lations based on two independent hadronic inter- gives an estimate of the systematic error introdu
action models, SIBYLL 2.1 [10] and QGSJET 01f due to hadronic modeling. We note that, desy
[11]. this uncertainty, the presented measurement is
most precise so far in its energy range. The re:
confirms the flux measurements from balloon ¢
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periments with an independent technique, giving Saclay, and in Namibia in the construction and ¢
confidence in both results. eration of the equipment.
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