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Abstract: In distinguishing between the atmospheric Cerenkov ligiigited by the primary cosmic ray
and its associated air shower, the Track Imaging Cerenkpeifixent (TrlICE) is devised to measure the
composition of cosmic rays at TeV-PeV energies. The instniris a fixed-mount zenith telescope that
uses a Fresnel lens as a early trigger and 4-m sphericalrmiogroduce the image on the focal plane
over a 1.5 field-of-view. The TrICE camera, composed of multi-anodetpmultiplier tubes with 0.086
degree angular spacing, is digitized continuously by accnsASIC at 53 MHz with a dynamic range of
16 bits. Here we describe the commissioning and calibratfaniCE.

Introduction hadronic interaction models [1]. The imaging ¢
mospheric Cerenkov telescope array, H.E.S.S.,
The Track Imaging Cerenkov Experiment (TrICE) already seen evidence of this effect [2].
utilizes the Direct Cerenkov technique (DC) to
make a ground-based composition measurement
of cosmic rays at TeV-PeV energies. The DC
technique determines the charge by separating ] ] o
Cerenkov light generated by the primary particle A_|r shpwer simulation studies |_nd|cate t_hat suf
from that of the secondaries in the extensive ajr Ci€nttiming and angular resolution permit the d
shower (EAS). The primary initiates Cerenkov ra- Cfimination of the DC light from the EAS. The sej
diation upon entering the atmosphere, microsec- aration efficiency depends on the geometry of
onds before the EAS begins. Due to the index OSmic-ray shower and the energy and charge
of refraction of an atmosphere with a non-uniform the cosmic ray [1]. The direct emission is confin
density, the arrival of the DC photons at ground to a narrow angylar region and Iate_ arrival _t|me
level is delayed by a few nanoseconds. There is anthe ground relative to that of a non-interacting p
inherent separation in the arrival angle of the two ticle, as shown by the simulated time and an
signals, because the DC light is emitted at a narrow Properties for a 100 TeV°Fe cosmic ray in Fig-
angle, and the air shower light scatters due to the Ure 1.
interactions of the secondary particles, After assuming an angular resolution@61° and

Cerenkov light production scales with the square & 1ns time resolution, the DC peak remains v
of the primary charge and is a strictly electromag- [Ple, suggesting that an imaging Cerenkov te
netic effect. Thus, by determining the intensity SCOP€ could distinguish the peak (Figure 1). .
of the DC light, one can measure the composi- ideal detector would see first the elliptical dewv
tion independently of poorly understood air shower OPment the EAS on the camera plane, followed

High Resolution Camera Studies

413



THE STATUS OF THETRACK IMAGING CERENKOV EXPERI

MENT

the sharp peak of the DC pulse. Since TrICE, in
its current prototypical phase, has a time resolution
of 18.8ns, it is limited to detecting DC light using

the angular properties of the shower development.
Therefore, the best candidates for TrICE observa-
tions of DC emission are high charge primaries that

100 TeV 56 Cerenkov Emission |
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interact relatively deeply in the atmosphere.

Modern Imaging Atmospheric Cerenkov Tele-
scopes (IACTs), such as VERITAS and H.E.S.S.
[2, 3], see evidence for the DC effect, however,
their charge resolution is limited by their angular
pixel size and time resolution. In a detector like
VERITAS, light from the primary is concentrated
into 1-3 pixels at best, which permits contamina-
tion of the pertinent phototube signal by fluctua-
tions in the EAS. This motivates the development
of a pixelated camera such as the one achieved with
the TrICE multi-anode photomultiplier camera [4].
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TrICE is a prototypical fixed-mount Cerenkov tele- (b)
scope (shown in Figure 2) designed to look for DC

light from cosmic-ray nuclei. It aims to achieve Figure 1: Simulated Cerenkov emission due t
high resolution shower imaging and employs a spe- 100 TeV°°Fe nucleus collected in bins of 1ns re
cialized design to provide an optical trigger. A olution in time delay an@.01° resolution in emis-
Fresnel lens mounted directly above the camera sion angle. (a) Photons falling in a radius betwe
plane enables a trigger signal preceding for a de- 67 and 94m from the shower core reveal a we
layed and magnified image of the shower, which is defined peak at small angles from the DC lig
focused onto the camera by mirrors. Eight spher- (shown here in arbitrary units) (b) If this signi
ical mirrors are arranged on a square perimeter is digitized at several thresholds, the DC peak
around the base of the telescope. These are fo-mains visible.

cused onto the camera via a secondary planar mir-
ror that also serves as a frame for the Fresnel lens.
The TrICE camera consists of 16-channel Hama-
matsu R8900 multi-anode photomultiplier tubes
(MAPMTSs). For more details on the performance
of the camera see K. Byrum’s review in these pro-

the light falling on the spherical mirrors will arrivi
~ 10ns after the light from the Fresnel. The lig
from the air shower imaged by the coarse-grair
optics of the Fresnel will trigger the system, whi
the light from the mirrors, which will come fron

ceedings [4] both the air shower and the primary, will arri
nanoseconds later (Figure 3). Using the Fres
Optical Design lens as an early trigger allows TrICE to first get

wide-field view of the air shower and later get a f
cused image of the shower and the DC light. Sir
the difference between the optical path length

TrICE has a primary mirror area of 6.4gwhich
is achieved by eight 1-m spherical mirrors with fo-

cal lengths of 4m. Tha.7° wide field-of-view of the imaged light and the triggering light is 101
the Fresnel lens is larger than thé° mirror ac-  gng the digitization time i48.8ns, the best can
ceptance angle, and the difference in magnification gjjate events to evaluate the performance of
between these two systems~isdx. Furthermore,  Frensel lens as a trigger include an early difft
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Figure 2: The completed TrICE telescope, shown Figure 3: A schematic of the optical design
here with the baffle and electronics rack in the cen- TrICE. Collimated light impacting the spherici
ter of the telescope. The planar mirror and Fresnel mirrors, shown in red, are reflected onto the ca
lens are placed 3m above the optical axis of the 4- era plane by the planar mirror, while those impa
m focal length spherical mirrors, on top of motor ing the Fresnel lens, shown in green, are focu
mounts allowing for precision focusing of the sec- directly onto the camera plane.

ondary mirror.

Electronics and Data Acquisition

shower image from the Fresnel lens followed by a

high-resolution air shower image with a DC peak. TriCE records PMT _signals using _t‘_N_O \_/Ml
crates of modules designed for the digitization

Relative alignment of the spherical mirrors has : ;
; . ) ; MAPMT signals and the buffering of data[5]. Tt
been achieved by fixing a white LED, of diame- analog signals from a 16-channel MAPMT a

ter 0.56cm, ~11m above the ground, such that the - o, directly to a corresponding 16-channel mu
light would be _focus_edv40cm above the groynd. ule housed in the “front-end” VME crate. The ir
The LEDwas flrgt aligned with a laser placed in the tegration and digitization of current signals are p
ce_:nter of _the optical system on the ground and next formed using 53 Msps charge integrating encod:
W't.h the light _collected by the Fresnel lens. Then or QIE’s [5]. The digitized data are transferred
using a Starlight Xpress SXV-M7 CCD camera, a separate “back-end” VME crate on receiving
the images from the mirrors were aligned to one trigger N
another with a custom motor-controlled alignment ' . )
system. The intensity of light at the focal plane Ipfhceiyggg;rs;gg?és:;rg Ezetr‘ilgzzr:t:ﬁlel\ﬁgiltwe
had a 90% enclosure region of diameigicm, as : ) g 3

g electronics. A trigger is generated by the co

shown in Figure 4. Deconvolution of the intensity * !
cidence of at least two MAPMT dynode signe

function with the inherent width of the LED sug- X
gests a point-spread function of 2.2mm which is 2POVve a programmable threshold. An approxim
analysis threshold requires that 15 photoelec-

smaller than the MAPMT camera pixel width of ”
trons summed over an MAPMT. In addition f

6mm.
the dynode-based trigger, the front-end electror
also accepts an external trigger signal. This m«
is run separately from normal observations &
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each channel before observations. The convers
are applied to the raw data from the QIE’s in tl
back-end electronics prior to buffering. The de
transferred to disk are already calibrated to rem:
pedestal offsets and relative gain differences du

i effects of the electronic modules.

Discussion

The DC method has potential for identifying hic
energy cosmic rays on an event by event ba
TrICE uses novel optics to enhance the time de
between the DC light and the extensive air show
as well as small pixel spacing to enhance the

gular separation between the broad air shower
the narrow Cerenkov cone emitted by the prim:
particle. First observations of the TrICE telesca
are complete and presented in this conference[

Figure 4: The image of a white LED, of diameter

0.56cm, reflected from the TrICE mirrors placed

11m above the ground. The blue contour outlines
the region in which pixels of the image are at 90%
of their maximum value, while the green contour

labels the region in which pixels are at 50% of their
maximum value.
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