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Abstract

The next generation air fluorescence experiments studying cosmic rays gy téquire significantly better
atmospheric monitoring than the original Fly’s Eye experiment. In this paper we present one method to
monitor the aerosol transmission factor for the High Resolution Fly’'s Eye (HiRes) experiment.

1 Introduction:

The atmospheric corrections to data from the High Resolution Fly's Eye (HiRes) experiment (Sokolsky,
1999) are of two forms. The first is the correction for the finite transmission of light frenextensive air
shower _tothe fluorescence telescopes. In practice the observed signal includes both air fluorescence plus
some scattered air Cherenkov light from the air shower. The latter must be subtracted as part of the shower
reconstruction/analysis and constitutes the second correction to the fluorescence data.

Thus various properties of the atmosphere must be known to allow the correction of the olfisemess
cence plus scattered air Cherenkov light signal back to the sluorescence signal at the air shower:

a) the vertical profile of the atmosphere: densify;), and temperaturé](z), as a function of the height,
z, above the fluorescence detector eyes. To first order this is well represented by values at the ground,
z = 0, combined with the U.S. Standard Atmosphere model (Martin, 1999).

b) the vertical profile of aerosols, also as a function of the height above the fluorescence detector eyes.

c) the Rayleigh scattering total and differential cross section as a function of wavelength (which are
known).

d) the aerosol Mie scattering total and differential cross sections (Tessier, 1999) as a function of wavelength
in the range310nm < A < 410nm.

Our goal is to make the minimum number of measurements that will allow us to correct HiRes data for
atmospheric transmission losses and for backgrounds from air Cherenkov light scattered into the air fluores-
cence signal. To proceed we use a 1-dimensional mobeglariation only with height, for the atmosphere and
for the aerosols. This is a very good model for the molecular atmosphere. It is also good first approximation
for night time aerosols on the horizontal scale of the present HiRes experiment (Sokolsky, 1996).

In this paper we describe only the subset of the atmospheric measurements needed to provide quantita-
tive measurements of the transmission corrections. We first measure théd¢otadmbined molecular and
aerosol transmissiory™ - 7%, at one wavelength near the middle of the wavelength acceptance of HiRes
using scattered laser light from frequency tripled YAG lasers (355nm) at fixed elevationewed by the
fluorescence detectors at different angles,from the horizontal. The aerosol transmissi@, is obtained
by dividing by the comparatively well known molecular transmissiBff. The measurements @ provide
a direct measurement of the aerosol optical deptfy), versus height above HiRes. This measurement will
also provide information on the vertical profile of aerosols. To make corrections over the full wavelength
acceptance of HiReg10nm < A < 410nm, we will measure the wavelength dependence of the aerosol
horizontal attenuation length at the level of the HiRes eyes,0.



2 Aerosol Transmission Correction:
Mie scattering of light on aerosols in the atmosphere results in an exponential decrease of the light intensity
of a light beam passing through the atmosphere. The multiplicagvesol transmissiors given by:
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wherep?(z) = % is the_normalizediensity of aerosolgersuselevation and\*(\) = W
is the aerosol horizontal attenuation lengghg( in meters) at: = 0 as a function of wavelengthy. The
aerosol transmission can be re-expressed in terms @iefusol optical depth
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3 Measurement of the Aerosol Optical Depth:

To measure the aerosol optical deptfi(z), we need known intensity, pulsed, UV light sources placed
more or less throughout the atmosphere above the HiRes aperture. For the light sources we propose to use side
scatteredight from frequency tripled YAG laser beams. The relative brightness of each source will be known
based on monitoring the intensity of each laser pulselgnaiaking a (small) correction for variations in the
scattering probability versus laser light scattering anigée the angle between the initial laser beam direction
and the final direction toward the monitoring fluorescence telescope); more details are provide below.

Now at a given wavelength and with our 1-dimensional model for the aera$dls, depends only on the
light source heightz, above the fluorescence telescope(s). THuUg) is the samdor light from all light
sources at the sanfeeightz above the fluorescence eye(s). Furthermore for our 1-dimensional aerosol model
the aerosol transmission factorizes intdependent and inta;-dependent parts as shown in Eqgn. 2.

Using scattered laser light waaceknown intensity,ly, light sources at the same heightabove a fluores-
cence eye but at different horizontal distances from the eye. These will be viewed with different slant factors
and will have different observed intensities. If we denote the observed intensities, corrected for simple geo-
metrical effects€.g.ther~! dependence with distance) for line light sources) and for Rayleigh scattering,
by I (cv;) then:
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The natural logarithm ofobs(a,-) is then:

- 1
In( Ips(z,05)) = In(Ly) — 7%(2) - sin(ad)
The slope ofin( Iy (z, ;) ) versusm gives the aerosol optical depth?(z). Alternatively for two
measurements with very different valuesg% we obtain:
ln( {Nobs(za alarge) _ a(Z) . : 1 N : 1
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wherea,,,; is a small angle to the horizontal and corresponds to light from a very distant soureg,ajpd
is a large angle to the horizontal and corresponds to light from a nearby sothigrelation provides a
direct measurement of the aerosol optical depth®(z).

Two possible geometries for the scattered laser light sources are given by:



1. Fixed Radius Multi-source Geometry
In this geometry we would place vertically directed lasers fiked radius aroundone fluorescence
eye. This eye is thenonitoreye and provides the measurement of the relative shot to shot laser inten-
sity — only azimuthal symmetry need be assumed. A secaitehuation eye views these at different
distances. Thus for a giventhe attenuationeye views these at different values% as required.

2. Fixed Radius Single-source Geometry
In this geometry we would locate a singleeer-able laser at a larg20(~ 30km) distance from the
attenuationeye. The shot to shot intensity of the laser(s) are monitored. This provides the relative
shot to shot laser intensity for points fated radius, from the laser; only azimuthal symmetry need
be assumed. A range efand #(a) is obtained by directing the laser beam at various azimuth and
elevation angles.

In these two geometries the scattering angle of the laser [ijig,effectively restricted to a range of angles
where molecular (Rayleigh) scattering dominates. For the HiRes vertical field of view the laser light scattering
angle is in the ranged0° ~ 120° for thefixed radius multi-sourcgeometry. For théixed radius single-source
geometry we add one additional restriction that the light scattered out of the laser beam is viewed at a radius
of ~ 1.05x the laser -attenuationeye separation. Under these conditions the light scattering angle is in the
range:100° ~ 150°.

To estimate the laser light scattering probabiligrsusangle, we show in Fig. 1 the normalized molecular
(Rayleigh) and predicted aerosol (Mie) (Longtin, 1988) scattering differential cross sections. The fraction,
f®(N), of laser light that undergoes aerosol (Mie) scattering in a vertical déptlof the atmosphere is given

by:

59( do®(cos(B),\) .
Fr) = Ka((A)) ) Siz@ Al 3)

wherea is the angle of the laser beam to the horizonfe) is the angular acceptance of the entrance aperture

of a given fluorescence telescope, the
do®(cos(B),\)
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Specifically in Eq. 35 (z) for aerosols cross sections normalized to the Rayleigh cross section for three

decreases with a typical scale height Gpses. see text.
~ 1.2km wherea$™ (z) for the molecular atmosphere decreases with a scale heightkm.

These measurements differ from other proposed monitoring methodstheifitorescence detectors read
out the scattered light. Thus a separate steer-able mirror/DAQ system, such as with conventional LIDARs
(Hayashida, 1999), is not needed. Furthermore the large area fluorescence mirrors allow the light transmission
(atmospheric calibration) measurements to be made over the same distances scales as the air shower (data)
events. Secontthe laser andttenuationeye geometries are chosen so that light path fiteerlaser tahe point
of scattering is a constant (at a given height, Thus apart from azimuthal symmetry, no other assumption
need be made about the initial transmission from the laser source to the point of light scattering (toward the
attenuationeye). This differs from proposals (Teshima, 1999) that model the entire light path.
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4 Conclusions:

This paper reviews the light transmission correction for air fluorescence experiments in a 1-dimensional
aerosol model for the atmosphere. One of the methods proposed for monitoring the aerosol transmission
corrections for the HiRes experiment is presented.
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