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Abstract: The southern Pierre Auger Observatory was designed to detect uttraéggy cosmic rays abou@'s eV

with high accuracy exploiting a hybrid detection technique. A surfaceyafd 660 water Cherenkov detectors on
a 1500 m triangular grid covers an area 8000km?. The atmosphere above the array is viewed by 24 wide angle
telescopes. These telescopes observe the faint fluorescence ligheatensive air showers at dark moonless nights, i.e.
with a duty cycle of about 15 %. As an enhancement to this baseline defsiiga Auger Observatory three additional
telescopes with elevated field of view were built and now constitute HEAT, itifedlevation Auger telescopes. These
telescopes are similar to the 24 other fluorescence telescopes (F2nkue tlted by29 degrees upward. They cover an
elevation range from0 to 58 degrees above horizon to enable the unbiased detection of nearbydoyy @ir showers.
Especially in combination with the detector information from an infill array afev tanks on @50 m grid close to the
HEAT site the energy range of high quality hybrid air shower measurenieextended down to belod'” eV. HEAT

is fully commissioned and is taking data continuously since September 2089 status and prospects of HEAT are
discussed and first (preliminary) data are presented.
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1 Introduction the transition region where the observatory with the origi-
nal design had a low detection efficiency.

The Pierre Auger Observatory was designed to measure tfige fluorescence technique is best suited to determine the
energy, arrival direction and composition of cosmic raygosmic ray composition by a measurement of the depth
from aboutl0'® eV to the highest energies with high preci-of shower maximum. As the fluorescence light signal is
sion and statistical significance. The construction of thﬂ)ugh|y proportional to the primary particle energy, low en
southern site near Malaig, Province of Mendoza, Ar- ergy showers can be detected only at short distances from
gentina has been completed since mid 2008 and the angife telescopes. In addition, as these showers develop ear-
ysis of the recorded data has already provided importanér in the atmosphere, their shower maximum lies higher
results with respect to, for example, the energy spectrufi the atmosphere and thus is not accessible to the stan-
of cosmic rays [1], their distribution of arrival directisn dard Auger telescopes due to their limited field of view
[2], their composition [3], and upper limits on the gamman elevation §0°). Furthermore, the geometric orientation
ray and neutrino flux [4, 5]. The measured cosmic ray oluf the shower axis with respect to the telescope imposes
servables at the highest energies are suitable to tackie opgbias on the shower selection [6]. This was the motiva-
questions like flux suppression due to the GZK effect, téion to build HEAT, the high-elevation Auger telescopes.
discriminate between bottom-up and top-down models anthe three HEAT telescopes are similar to the 24 standard
to locate possible extragalactic point sources. ones and can be tilted, providing the extension of the field

However, for the best discrimination between astrophysicaf view to larger elevation angles. From the data collected
models, the knowledge of the evolution of the cosmic rayvith the Pierre Auger Observatory we know that the qual-
composition in the expected transition region from galadty of the reconstruction is improved considerably if the
tic to extragalactic cosmic rays in the range'” eV to  showers are recorded by a hybrid trigger. Hybrid events
10" eV is required. Tests of models for the acceleratioprovide information about the shower profile from the data
and transport of galactic and extragalactic cosmic rays a@é the fluorescence detector (FD) and of at least one sur-

sensitive to the composition and its energy dependence fixce detector (SD). The time and location of the shower im-
pact point on ground set further constraints which improves
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the reconstruction of the shower energy significantly [7, 8]
The Pierre Auger Collaboration has built an additional in-
fill surface detector array located at an optimal distance in
the field of view of HEAT [9].

2 Design and propertiesof HEAT

R

In 2006, the Auger Collaboration decided to extend the
original fluorescence detector, a system consisting of 24
telescopes located at four sites at the periphery of the sur-
face detector array, by three High Elevation Auger Tele-
scopes (HEAT). These telescopes have now been con-
structed, and they are locatd&d0m north-east of the
Coihueco FD building. At the same time, the collaboration
deployed extra surface detector stations as an infill array
of 24km? close to and in the field of view of HEAT. The
layout of HEAT and the infill array is shown in Fig. 1.
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HEAT o6 o6 o Figure 2: Schematic view of the cross-section of one of
ElMataco - = Tromen the HEAT telescopes. Top: Horizontal mode for service
7 FiCenizo and cross-calibration, bottom: data-taking mode in tilted
Infill array 750m ; ;
By . . . . orientation.
42 additional detectors
Area ~23.5 km

vidual, pivot-mounted enclosures. Each telescope shiglter
Figure 1: Layout of the infill array and the Coihueco andnade out of lightweight insulated walls coupled to a steel
HEAT fluorescence telescopes. The additional infill stastructure. It rests on a strong steel frame filled with con-
tions are marked red (solid: already integrated in data takrete. An electrically driven hydraulic system can tiltsthi
ing). heavy platform by29° within two minutes. The whole de-

sign is very rigid and can stand large wind and snow loads
The design of HEAT is very similar to the original FD as required by legal regulations. All optical components
system [10], except for the ability to tilt the telescopesre connected to the heavy and stiff ground plate to avoid
upwards by29°. In both cases a large field of view of wind induced vibrations and to keep the geometry fixed.
about30° x 30° is obtained using Schmidt optics (approx.Mirror and camera were initially adjusted in the horizontal
30° x 40° when tilted). Fluorescence light entering theposition (service position). To ensure sufficient mechanic
aperture is focused by a spherical mirror onto a camegability of camera body and mirror support system, addi-
containing 440 hexagonal PMTs. A UV transmitting fil-tional steel rods and overall improved support structures a
ter mounted at the entrance window reduces backgrourehployed. The mechanical stability is monitored by means
light from stars effectively. An annular corrector ring as-of distance and inclination sensors. The principle ofrtgti
sures a spot size of abo0t6° despite the large effective is illustrated for one bay in Fig. 2.

aperture of abous m?. The high sensitivity of the Auger anqther design change for HEAT is the use of an improved
FD telescopes enables the detection of high energy shoysia acquisition electronics (DAQ) whose concept and par-
ers up tol0 km distance. A slow control system for remotesioning is, in principle, the same as with the previous-ver
operation from Malarge allows safe handling. sion. The new design of the electronic is modernized and
Differences between the conventional FD telescopes angdated with larger and faster FPGAs. Along with that, the
HEAT are caused by the tilting mechanism. While thgampling rate of the digitizing system was increased from
original 24 FD telescopes are housed in four solid concret® MHz to 20 MHz and the overall readout speed can be
buildings, the three HEAT telescopes are installed in indi-
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The initial data taking period served as commissioning and
learning period. Since June 2010, the data taking and data
quality reached a satisfactory performance level and all re
sults presented here are based on the latter data taking pe-
riod. During this period, an absolute calibration campaign
with a uniformly lit drum [11] and a roving laser for these
new telescopes has been performed successfully.

The alignment of the regular fluorescence telescopes is ob-
tained from star tracking. In addition to this method, a new
method was introduced to determine the alignment of the
HEAT telescopes. Given a reference geometry from any
number of sources (SD, hybrid, reconstruction from other
sites, laser shots) and the observation of the correspond-
ing light traces in a HEAT telescope, the developed algo-
rithm determines the optimal pointing direction for thestel
scope. The accuracy of the method increases when applied
to many events. This method results in a statistical accu-
potentially increased. From the point of view of the dataacy of 0.3° or better for elevation and azimuth. For the
taking and operation, HEAT acts as an independent fiftHEAT telescope 1, which has the Central Laser Facility
telescope site. (CLF) [12] in its field of view, accuracies of better than

The aforementioned distance monitoring system has ber° can be achieved.

used to prove that the tilting of the telescope enclosure<
does not modify the optical parameters of the telescopi

Figure 3: Photograph of HEAT in tilted mode with closed
shutters.
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ence of the Earth’s magnetic field on the performance ¢ & 40|~ S s
the PMTs is only marginal and can thus be neglected. 2k . ‘.::::’—:‘ ;'
A photograph of HEAT in tilted mode is shown in Fig. 3. % = g
20
3 Measurements 10
Data taking with the new telescopes of HEAT is possible il "5 o ioo e0 80 70 e0 50
horizontal ("down’) position as well as in the tilted ('up’) azimuth [deg]
position. The horizontal position of the HEAT telescopes _
which is used for installation, commissioning and mainte ‘¢ %4f XOINAE= 507179
nance of the hardware, is also the position in which th 50-35? }
absolute calibration of the telescopes takes place. Intr 3 o3F
position the field of view of the HEAT telescopes overlap: % 0.25
with those of the Coihueco telescopes. This offersthepo &, ;
sibility of doing special analyses of events recorded simu © E
taneously at both sites. In addition, these events can e us ~ **° E
to check the alignment of the new telescopes and provide 01E
cross-check of their calibration constants. 0.05
With the HEAT enclosures in the tilted position, the com: 0506506 400700 800900 1000 1100 1200
bined HEAT-Coihueco telescopes cover an elevation ran slant depth [g/cm ?]

from the horizon to 58 This extended field of view en-

ables the reconstruction of low energy showers for close-by

shower events and resolve ambiguities in Mg, deter- Figure 4: Example of a low-energy event recorded in co-
mination. The improved resolution in energy akigh. de- incidence with HEAT and two Coihueco telescopes. Top:
termination is especially visible in the low energy regime.Camera image of the recorded signal. The arrival time

The first measurements with a single HEAT telescop@f the light is color-coded (blue early, late red). Bottom:
started in January 2009 whereas measurements using ffeconstructed energy deposit profile. This nearly vertical
new DAQ electronics with all three telescopes commence®¥ent with a zenith angle ab° has a reconstructed energy
in September 2009. An example of one of the first lowOf @boutl.7 x 10'7 eV.

energy showers recorded with HEAT and the Coihueco sta-

tion is shown in Fig. 4.
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. L . . 20
angular difference, a similar approach is also used to mir

imize the time difference between SD and HEAT. A cor- 15
rectly determined SD-HEAT time offset is also character:
ized by the fact, that in the combined SD-HEAT (time) ge-
ometry fit, the least number of pixels is rejected in the ever 5
reconstruction.

The different FD sites and the SD are operated indepel 35 data
dently. Their data are merged offiine using the GPS puls¢ § e 000
per-second timestamps. It is thus vital for the reconstruc .= e
tion based on event times to measure and control the tim £ 25 Fnies 78
offsets between the components. Instead of minimizing th % RMS 0.13
o
c
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4 Dataanalysis

Figure 5. Determination of the energy resolution of the
. . EAT and Coihueco telescopes. Shown is the difference
data from HEAT and Coihueco. However, in the Standargetween the energy reconstructed with HEAT in downward

shower reconstruction chain the data from each bu”dinﬁ]]ode with respect to that of Coihueco. Assuming that all

is used separately. Thus, the analysis software pack - .
Offline [13] has been generalized from a building-based?g?eSCOpes have the same energy resolution one has to di

¥ide the RMS byv/2 to obtain the resolution of one tele-

a teltehscoge-basiq redcqnstru%nor_]. g?e dn‘tfers n_?;elmioécope. The histogram also shows simulated showers recon-
can then be combined in any desired form to build a virtugly | o the same way as data.

site.

In the same manner, the module for the hybrid geometry _ i )

finding was extended in a way that shower detector plan-éhe improvements to the combined field of view of old and
(SDP) times and the time determined by the analysis of tH€W detectors required major changes todifiine analy- _
SD data are combined in a kind of global fit procedure. 1§iS framework and the development of new reconstruction
each fitting step the parameters describing the SDP and ffgmPonents. This is currently still work in progress.
shower core are calculated together.

Initially, when the HEAT telescopes went into operationRefer ences
no absolute calibration for the HEAT telescopes was avail-

able, the gain of the camera was only flat-fielded. Using[l] The Pierre Auger Collaboration, Phys. Lett., 2010,
showers measured in coincidence with HEAT (downward ~ pgggs: 239246

mode) and Coihueco which fulfill certain quality criteria, a 2] The Pierre Auger Collaboration, Astropart. Phys.,

set of preliminary calibration constants could be achieved 2010,34: 314-326

The cross-check with the updated calibration constarnts (aff3] The Pierre Auger Collaboration, Phys. Rev. Lett.,

ter an absolute calibration was performed) resulted in dif- ~ 5010 104: 91-101

ferences of 2 % or less (depending on the telescope). Withy] The pierre Auger Collaboration, Astropart. Phys. |

this method also the energy resolution of the telescopes * 500g 29: 243-256

could be determined to be of the order of 10 %, see Fig. 5.[5] The Pierre Auger Collaboration, Phys. Rev. Lett.,
2008,100: 211101

[6] M. Kleifges, for the Pierre Auger Collaboration,
Proc. 31th ICRC, bdz, Poland, 2009, arXiv
0906.2354 [astro-ph]; C. Meurer, N. Scharf, for the
Pierre Auger Collaboration, Astrophys. Space Sci.
Trans., 20117: 183-186

7] P. Sommers, Astropart. Phys., 1985349-360

For the shower reconstruction it is desired to combine t

5 Conclusions

The telescopes of the HEAT site have operated since
September 2009 and are producing high quality data in a
stable manner. The first data from this site were used t%

produce rough calibration and alignment constants for thi 8] B. Fick, for the Pierre Auger Collaboration, Proc,

newly built part of the observatory. 28th ICRC, Tsukuba, Japan, 2003, 449
Even from a short period of data taking so far itis clear that[g] |. C. Maris, for the Pierre Auger Collaboration, 2011,
these new telescopes improve the quality of data for energy = paper 0711, these proceedings

and mass composition analyses significantly at low enefto] J. Abrahamet al. (Pierre Auger Collab.), Nucl. In-
gies. Their extended field of view allows for an unbiase strum. Meth., 2010A620: 227-251

measurement dfX,.) down to much lower energies than[11] A. C. Roveroet al, arXiv:0811.1518 [astro-ph].

has been possible with the standard Auger fluorescence gigs] B. Ficketal, JINST, 20061: P11003.

tectors. [13] S. Argird et al, Nucl. Instrum. Meth., 2007A580,
1485-1496



