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Abstract

The atmosphere is an intrinsic part of any ground based Cherenkov y-ray tele-
scope, and the telescope response is therefore sensitive to unpredictable changes in
the atmospheric transparency which are difficult to measure and interpret in the ab-
sence of a calibrated beam of high energy vy-rays. In this paper, we use the detector
response to Cherenkov emission from cosmic ray initiated air showers to obtain a
relative calibration for data obtained under different instrumental and atmospheric
conditions as well as over a range of source angles to the zenith. We show that
such a relative calibration is useful and efficient for data selection, for correcting
the measured vy-ray rate and for inter-calibration between the elements of an array
of Cherenkov telescopes.
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The event luminosity distributions obtained with and without light t:ul.lecting
cones are shown at the top. The x? is calculated by comparing the distribution ob-
tained without the cones with the distribution obtained with the cones and rescaled
by a test value for the throughput factor F. The mirtimum oceurs for g = 0.73+0.03
indicating a 27% contribution by the cones to the light collection efficiency.



Reference data

Data obtained
at lower elevation

Number of events per luminosity bin

Event luminosity

Factor T measures the horizontal shift in the distribution caused
by changes in the light collection efficiency which result from changes in the
instrument and atmospheric conditions as well as from differences in zenith
angle. Factor A measures the vertical shift (a change in the number of showers
observed with a given luminosity) caused by changes in the effective vy-ray
collection area due to different source zenith angles. Only the factor F' can
be directly measured from the event luminosity distributions. As the radius
of the Cherenkov light pool 1s defined only by the atmospheric density profile
and source zenith angle, factors T and A should show the same zenith angle
dependence for both y-ray and cosmic-ray initiated showers as long as most
of the Cherenkov light is emitted from the core of the shower. This allows us
to use a generalized throughput factor in our analysis of y-ray signals.




The reference data was taken at 8, ~ 30° from zenith and so F is close
b to one at this point. It can be chown that if the atmospheric density profile
~ isassumed isothermal, the area of the Cherenkov light pool is proportional to
e appendix). Using this, for a luminosity distribution of differential
~ power law index T, the throughput factor is expected to vary as

- F x (cos 9,2 x o o

term is used to describe the atmospheric atten £
our observed T = 2.3 we have uﬂiﬂl. .
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To apply the throughput correction we first calculate the expected through-
put factor, F,.,, normalized to a zenith angle of 30° (because the measured

throughput factor F,.., has been calculated with reference to an observation
taken at a zenith angle of 30°) such that :

cos 0, ]:.13

Fomn = {Coa30°

(3)

This is equivalent to equation 2 but without atmospheric attenuation, The ef-
fects of atmospheric attenuation are automatically incorporated in the through-
put correction , which we use to calculate the corrected rate as follows:
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Zenith Angle F

The averaged Crab nebula y-ray rate after correction for the

a function of zenith angle (left) and Fieas/ Forp (right). zenith angle as
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The effect of the elevation and throughput corrections to the Crab Nebula
~-ray rate. The upper plots show the rate as a function of the zenith angle. Each
point represents a 28 minute observation (with statistical errors) showing the un-
corrected rate (@), the rate corrected to a fixed zenith angle (®3;) and the rate

corrected for zenith angle and throughput (®corr). The lower plots are histograms
showing the distribution of the three rates.



