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Abstract: Nitrogen laser(pulsed UV laser) provides useful ”test-beams” for Wide Filed of view Cherenkov Telescope
Array(WFCTA) experiment to measure high energy cosmic rays. Since the absolute laser energy can be measured locally
and the light observed by the telescope is proportional to the energy of the laser pulse, a well-calibrated nitrogen laser
offers a practical way to test the photometric calibration of WFCTA including atmospheric corrections. This talk will
describe a robotic system for energy calibration. Preliminary laser calibration results of WFCTA will be also reported.
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1 Introduction

As a component of the Large High Altitude Air Shower
Observatory (LHAASO) Project [1], [2], Wide Field of
view Cherenkov/fluorescence Telescope Array(WFCTA) is
composed of 24 telescopes. We have started observations
with two prototype telescopes of WFCTA at the ARGO-
YBJ site (4, 300m above the sea level) Tibet, China since
September 2008 to study the energy spectrum of primary
cosmic rays with energies 1013eV -1015eV [3]. A UV-filter
with a transmittance of 86% and a 5m2 light collecting mir-
ror with a reflectivity of 82% are used for each telescope.
A focal plane camera is made of 16×16 pixels. Each pixel
is a 40mm hexagonal photomultiplier tube(PMT) that has
about a 1◦×1◦ field of view (FOV). The quantum efficien-
cy of PMTs is about 21% at 337nm. The distance between
two telescope is about 150m, the elevation angle is 60◦ and
the azimuth angle is 262◦.
The signal of each PMT is digitalized by a 50MHz flash
ADC, the digitalized waveform is saved in the buffer of
FPGA (Field Programmable Gate Array). Trigger mode
of laser events is ”line” pattern which requires at least six
triggered pixels forming a straight line.
The energy calibration of telescope includes the measure-
ment of (1) transmittance of UV-filter on the window of
telescope, (2) mirror reflectivity, (3) absolute gains of ref-
erence PMTs, (4) ”relative gains” of 256 PMTs, (5) non-
uniformity of photo-cathode sensitivity of the tubes, (6)
photometric calibration and Atmospheric monitoring.The
transmittance of the UV-filter and the mirror reflectivity are
measured using a spectrophotometer. The absolute gains
are measured with a calibrated Hybrid Photo Diode (HPD)
and a UV-LED. The relative gains are monitored daily dur-

ing observations with a UV-LED which is mounted on the
center of mirrors. The non-uniformity of photo-cathode is
measured with a XY stage with UV-LED.The detail of pho-
tometric calibration and Atmospheric monitoring are de-
scribed in this paper.

2 Laser Calibration System

The laser calibration system had been installed in two sites
at YBJ from March 2011. At Site1, this system is located
2.52km apart from two telescopes station. Nitrogen laser
shot a 337nm wavelength light of average energy with 90J
by 10Hz, 30◦-65◦ in elevation and 68◦-94◦ in azimuth.
This calibration must be done in very clear night, so as
to the scattering light by aerosols (Mie scattering) can be
ignored. The scattering light by air molecules (Rayleigh s-
cattering) is received by two telescopes, the light received
by the telescope is proportional to the energy of the laser
pulse, the absolute laser energy can be measured accurately
by energy probe. This system is used to calibrate the pri-
mary cosmic rays energy. At Site2, this system is located
176m and 71m apart from the two telescopes respectively.
Nitrogen laser shot a 337nm wavelength light of average
energy with 90J by 10Hz, 54◦-65◦ in elevation and 253◦-
271◦ in azimuth. The backscattering light of laser by air
molecules and by aerosols in the atmosphere is received by
two telescopes. In order to correct detection light induced
by an air shower which corresponds to primary cosmic ray
energy, this system is used to monitor atmospheric. This
system is able to be controlled remotely by login a local
PC104. From April 25, 2011 to May 5, 2011, we had mea-
sured the daily variation of atmosphere using this system.
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3 Data analysis and Results

We have analyzed two days Site1 laser data on April 2 and
8, 2011, April 2 is clear day and April 8 is cloudy day.
Figure 1 shows the example image of Site1 laser track. We
also have analyzed Site2 laser data from April 25 to May
5, 2011. Figure 2 shows the example image of Site2 laser
track.
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Figure 1: Image of Site1laser track with 65◦ in elevation
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Figure 2: Image of Site2 laser track with 60◦ in elevation

The numbers of scattering photos dNR in solid angle dΩ
and length dl is calculated as
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Where θ is the scattering angle, XR is mean free scattering
path, λ is the wavelength of the scattering light, ρ is the at-
mosphere density, the distribution of the atmosphere den-
sity is exponential, one characterize it as ρ=ρ0exp(-h/h0)
approximately, where ρ0 is the atmosphere density at the
sea level, h is the height from the sea level, h0 is about
8.5km.

4 Conclusion
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