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Abstract: The Tunka-133 Cherenkov array has been deployed with nearly 3 km2 effective area to measure the
primary CR energy spectrum and mass composition in the 1016 - 1018 eV energy range. It records EAS Cherenkov
light using the atmosphere of the Earth as a calorimeter. Goal of the fluorescent light detector is to improve
data quality at the E > 1017 eV. The movable platform for the technological model of the TUS detector mirror
is produced at JINR (Dubna) and its completion and test is in progress. This year movable platform has to be
delivered to the Tunka and mirror and photo-detector to be tested.
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1 Introduction
The study of primary energy spectrum and mass composi-
tion in the energy range 1015 - 1018 eV is of crucial impor-
tance for the understanding of origin and propagation of
Cosmic Rays (CR) in the Galaxy. The change of mass com-
position with growing energy can testify the transition from
galactic to extragalactic sources. This effect was described
by theory [1] and confirmed by experiments [2]. Precise CR
measurements are needed also to evaluate hadron-hadron
cross-sections in the energy range beyond LHC energies
and, possibly, to understand the nature of the dark matter.
To measure the primary CR energy spectrum and mass com-
position in the upper part of the mentioned energy range, i.e.
as high as 1017 - 1018 eV, the new array Tunka-133 [3] with
nearly 3 km2 effective area (figure 1) has been deployed in
the Tunka Valley, Siberia.

The Tunka array records EAS Cherenkov light using
the atmosphere of the Earth as a huge calorimeter and has
better energy resolution ( 15%) than EAS arrays detecting
only charged particles. The preliminary Tunka-133 results
have been published in [4, 5] and shown in figure 2. Aim

Fig. 1: Scheme and map of the TUNKA detector array.

Fig. 2: The CR energy spectrum measurement at the TUN-
KA detector.

of Tunka fluorescent detector (FD) is improve the quality
energy spectrum measurements in the 1017 - 1018 eV
region. Besides the FD is a first step within the new Tunka-
HiSCORE project [6] where an array of such detectors is
supposed to use for the Cherenkov radiation measurement
of the EAS gammas in the E > 1015 eV energy range. The
information of the shower-front sampling, e.g., the impact
point of the shower axis will combined with the TUNKA
mono-scoping imaging to improve the sensitivity of the
detector. The hybrid event reconstruction is a new approach
that can be tested in the proposed setup.
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Fig. 3: Scheme of the FD deployment at the Tunka array site.

2 Fluorescent detector for Tunka array
The TUNKA array investigates EAS of E > 1017 eV energy
above 2 km2 surface. The FD+TUNKA array will provide
the same statistics if FD observable area is 2-4 km2 at the
4-6 km altitude. The EAS length that may be measured
with FD will be around 2 km. The TUNKA FD will operate
together with the existing Tunka133 array as presented in
figure 3 schematically.

For TUNKA FD is supposed to use the technological
model of the TUS mirror. The mirror was produced and
tested according to space qualification requirements[7] and
is shown in figure 4. Main TUS detector parameters: mass
< 60 kg, Field-of-View ±4.5 degree, number of pixels in
the PMT matrix - 16x16 (Hamamatsu type R1463 PMT
of 13 mm PM tube diameter and multi-alcali cathode) and
a UV glass window. Pixel FOV∼ 10 ∗ 10 mrad2, Fresnel
mirror area is 1.8 m2, focal distance 1.5 m.

In figure 5 the integral PSF ellipse is presented of the
technological Fresnel mirror model together with a pixel
window of photo receiver matrix on top of the light spot
image. The spot size is in a reasonable correspondence with
a pixel size.

PMTs of the former ZEUS experiment at DESY will be
used for TUNKA FD to do PMT matrix that leads to FOV
increasion to ±7.5 degree approximately. The thin WLS
film on the PMT cathod will be needed to shift the EAS
fluorescent 300-400 nm radiation to the PMT sensitivity
region ∼600 nm.

A preparatory R&D were done in 2012 to design and
produce FD for TUNKA set-up. The movable platform for

Fig. 4: The technological model of the TUS detector mirror.

the FD is produced and shown in figure 9. The stepper mo-
tors type of FL86STH with the SMSD-9.0 programmable
control blocks are used. The stepper motor rotations around
vertical and horisontal axes give a possibility to direct op-
tical axis of the detector in any given direction. Dedicated
azimuth and zenith transmitters will be used to control the
optical axis orientation independently on the stepper motor
pointers.

The 7-10 km distance between the TUNKA control room
and FD location leads to a necessity for the remote control
system of the platform orientation. The remote control
activity is in progress. It is supposed presently to use the
AirGrid M2 HP -20dB system with the exchange protocol
802.11 b/g/n MIMO 1x1 of the Ubiquiti company using 2.4
GHz fraquency bandwidth to establish a WiFi connection
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Fig. 5: The PSF ellipse of the TUS mirror together with a
pixel size of photo receiver.

Fig. 6: The movable platform production for the TUNKA
fluorescent detector

via the Ethernet 10/100M port between the control roon and
remote computers. To do that the towers or high poles have
to be installed with parabolic antennas on the top.

Fig. 7: Cascade EAS curves in atmosphere for the initial
proton(solid line) or iron nuclei (dotted line) at E = 1017

eV and zenith angle 30o. X-axis - EAS altitude (km), Y-axis
- number of electrons in EAS.

3 Simulation
The FD using jointly with Cherenkov TUNKA array will
directly complete experimental EAS data with cascade
curve and EAS maximum measurements. The FD energy
threshold, spatial resolution are depend as on mirror and
photo detector parameters as of the FD location in site. The
avaluation of the FD characteristics was done analitically
and with MC simulation. Based on the QGSJet model of
N.N.Kalmykov[8], cascade EAS curves in atmosphere for
the initial proton or iron nuclei is presented in figure 7
at E = 1017 eV and zenith angle 30o. The FD threshold
value for UHECR investigation was found 1.5∗1017 eV
with 15x15 mm2 photo detector pixel and 10 km distance
between FD and TUNKA array.

The modified ESAF program of the JEM-EUSO [9] was
used for the EAS generation at the FD properties study.
The some results of the EAS event simulation is presented
in figure 8 for the same conditions as for the analitical
evaluation and agreed each other.

4 New FD mirror production
The technoligical mirror model of the TUS is heavily used
presently in the complex detector tests at the Istra space
center and unavaelable at the moment for the TUNKA FD
assembling and tests. The new FD mirror design and the
R&D mirror module production is beginning at JINR. A
special goal of this activity is to get expertise of a mirror
production for the future HiSCORE-TUNKA project where
JINR suppose to join with.

An example of such mirror design together with a support
dish of thin aluminum tubes is shown in figure 9. The mirror
module reflective surface will be spherical one instead of the
parabolic Fresnel mirror as in the TUS detector. Different
possibilities are considered as a mirror material: glass, glass
plastic or polyurethane foam with a milar reflective layer.
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Fig. 9: New FD mirror design for the TUNKA detector

5 Conclusion
The movable platform for the fluorescent detector is pro-
duced. The stepper motor rotations around vertical and ho-
risontal axes give a possibility to direct optical axis of the
detector in any given direction. Mirrors have been devel-
oped at JINR in the context of the Russian space experi-
ment TUS and a technological model of the TUS mirror
supposed to be used in fluorescent detector at Tunka-133
array. An R&D mirror module production is beginning at

Fig. 8: ESAF EAS event images at the 16x16 photo detector
matrix for 5∗1017 eV. Separately shown is the ”ocupancy”
plot with ∼ 100 such events.

JINR to use for the future HiSCORE-TUNKA project.
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