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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 order to reconstruct accurately the energy
of the cosmic rays. In this paper we study the time variation of the vertical profile of the atmosphere. For
the study we use the twice daily radiosonde data from the Salt Lake City (SLC) airport. The relevance of the
atmospheric time variations on the transmission correction for fluorescence signals is summarized.

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 fhenextensive air
shower tothe fluorescence telescopes. Thus the observed light intehsisyrelated to the light intensity at
the source/y, as follows:

I ~ Iy-T™.-T°

whereT™ is the transmission based on Rayleigh scattering (on the molecular atmosphefg) anthe
transmission based on Mie scattering (on aerosols in the atmosphere)I"BathdT® must be known and
are collectively called th&ransmissiorcorrection. The measurementBf is discussed in Matthews, 1999;
T™ is discussed in this paper.

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 &ir Cherenkoy correction to the fluorescence data. This is discussed in Tessier, 1999.

In this paper we review the transmission correction, and in particular uncertainties in the transmission
correction, from Rayleigh scattering in the (molecular) atmosphere. The transmission corrections depend on
the total number of scatterers between the source and the fluorescence deteciortiamdotal scattering
cross sections. For Rayleigh scattering the cross section is known. It is the vertical profile of the density of
the atmosphere that varies with time. Twice daily radiosonde data from the nearby SLC airport are used to
provide information on the time variation of the atmosphere for the HiRes experiment.

2 Radiosonde Data:

The radiosonde data are collected by a special weather balloon sent up from the weather station at the
SLC airport. The data are continually transfered during the ascent, a process which takes approximately 90
minutes. These large balloons carry the radiosonde equipment generally to a maximum height of 100,000 ft.
The balloon then simply pops and the radiosonde equipment deploys a parachute and descends slowly. The
data are stored in banks accessible through the web (http://raob.fsl.noaa.gov/). The data used in this analysis
were taken during 1996.

3 Atmospheric (Molecular) Transmission Correction:

The molecular atmosphere is essentially 1-dimensional. Thus the transmiS$iodepends on the height
of the light source above the fluorescence deteeyerz, the viewing angled.g. from the horizontal) of the
jth photo-tube;, and the wavelength of the lighk;

p(z)dz 1
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wherep(z) is the air density versus height and*(\) = 2970 - (W)4 gm/cn? is the reciprocal of the
Rayleigh cross section. For HiRes this correspond§™¢X) ~ 16.61 - (m)4 km at the elevation of the
fluorescence eyes.

The integral of the air density to height, can be re-expressed as:

2 _ OP(z)(mbar) -10 2) gm/em?
/Op(z)dz ~ g(m/s?) ~ OP() gm/

whereyg is the acceleration of gravity and®(z) = P(0) — P(z) is the pressure difference (in mbar) between
z = 0, the height of the fluorescence detector eyes, and the height of the light saufteis the fractional
uncertainty inl™ is:
AT™ 1 A(6P(z)) gm/cm? )
™ (sin(ai) ) A™(N)
whereA(JP(z)) is the uncertainty in the pressure difference between the ground and béightbar). If

we require% < n% at 350nm, near the center of the HiRes wavelength acceptance, then:

17 mbar
(1/sin(c;))

Fortunatelyd P must be known most precisely at small viewing angies,near the ground. As an example
with n = 3(%) anda; = 9° (middle of HiRes ring one mirrors) then we require tietd P) ~ 8 mbar (or
less).

A(P) < n(%) - (3)

4 Uncertainties in the Transmission Correction:
As noted above, the relevant quantity for estimating the molecular transmission corrections are the pressure
difference(s)P(z) (mbar),versusheight above the fluo
rescence eye(s). The issue for fluorescence experiments is
whether simple models estimadé®(z) to sufficient pre- i Enreies aper
cision so that the resulting errors in the molecular trans- o A
mission estimation, Eqn. 1, are within the acceptable error | : ' '
budget: AT™ /T™ of a few percent. i
For this study we take the SLC airport radiosonde pres- |
sure dataépdata (Z) = radiosonde(o) - Pradiosonde(z)y »
versusheight to represent reality. We then use two differ- °
ent models for the atmosphere: the standard adiabatic at-|
mosphere (CRC 1991) @ monthly average atmosphere. " [
The adiabatic model allows a simple determination of the |
pressureversusheight using the ground level temperaturez -
and pressure and a fixed lapse rate of*6/2000m; this i
is denotedd Pyg;apatic (2)- In the monthly average model s [ !
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sgmmed for a given month' to dgrive an average pl’es.?_liléﬁre 1: SLC airport radiosondé Py, (z) mi-
difference,d Pyyerage (), profile. Finally, the fractional er_nUS5Padabatic(Z) in mbar,versusheight, in me-
ror in the molecular transmission correction, see Eqn. %ei% for the month of January 1996.

proportional to:A(dP(2)) = 0Piua(2) — 0Pmoder(2)-




An example 0B Py, (2) — d Proder (2) for the month of January is shown in Fig. 1 for the adiabatic model
and in Fig. 2 for the average atmosphere model. Data with

major storms, with often significant changes with groundo = —
level pressure and temperature, are included. Thus model; 50T oo 5o
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The Fig. 1 and 2 examples show that the scatter in |
0Pjata(2) — O0Pmoder(2) for both models is similar; the [
adiabatic model shows in addition a systematic difference |
with height from the radiosonde data. The advantage of |
the average model is that the average valugryf,, (z) —
dPp0de1(2) is zero (by construction). It is significant that
the majority of the values a¥Py4t,(2) — 0 Payerage (2) are
< 10 mbar. Thus th&P,yerqqe(2) Model is consisten i
with Egn. 3 and the desire to keep the uncertainties in the i
Rayleigh transmission correction at the level of a few per- |
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For distant showers the largest transmission corrections are
at viewing angles near the horizdre. «; of a few degrees Figure 2: Same as Fig.1 but using the average
This corresponds to small values fein(a;) in Eqns. 2 atmosphere model.
and 3 and results in the most stringent constraint Bfx). Fortunately this corresponds to heights of less
than a few kilometers where both models provide the best estimaté® o).

The comparisons in Fig. 1 and 2 show how well the adiabatic or average atmosphere model duplicate the
daily atmosphere for one month of 199
furthermore Eqgn. 2 shows how deviatior
contribute to the fractional uncertainty i 0.68 ——
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in Fig. 3 (adiabatic model) and Fig.

(average atmosphere model) the estima
value of AT™ /T™ for four fluorescence
detector viewing anglesy;: 4°, 8°, 12°,

and 16° to the horizontal. To relate th
detector viewing angles to the light sourt
height we assume a uniform distributic
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from the fluorescence eye. The sourc

are assumed to be viewed equally on et

day of the month. As with the data in Fig,.

1 and 2, the SLC radiosonde data are takggure 3: AT/T versusmonth (during 1996) for the adiabatic

as the true atmosphere and the adiabafiedel.

and average atmosphere models are taken to model the atmosphewthe¢d™ = T, /T .., — L.
Comparisons of the radiosonde data to the two models during each one month time interval provide



a measure of thems random scatter in
AT™ /T™ from the two atmosphere moc
els. The estimate foAT™/T™ plotted
for the adiabatic model, Fig. 3, include
both the systematic offset uncertainty
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the adiabatic model estimate foP(z) as
well as the (maximum)yms random er-
ror in the model estimate. The systema
offset error occurs when then average ¢
timate for P (z) from the model differs
from the average value of the radioson
data; such an offset is visible in the Ja Y R A R L ‘
uary 1996 data, Fig. 1. As thenser- oo Ao fwotn (L 1y O 1
rors are rather Stable |n t|me, the W|nt' Atmoesphere Vertical Profile = Morthly Average Profile
and summer months when the adiaba e el Gy Sadimonde et (0000

model systematically under or over es

Maximum shower distance = 40an
matesd P(z) show up as increased values _ n _ for th
for AT™ /T™ in Fig. 3. While our estj- Figure 4: AT/T versusmonth (during 1996) for the average at-

mosphere model.
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mate of the combined systematic amass
random errors are approximate, it is clear that systematic errors are a problem with a simple adiabatic model
estimate such as used in this analysis.

The estimate foAT™ /T™ plotted for the average atmosphere model, Fig. 4, shows the (maximum) value of
thermsrandom error. By construction the systematic offset error is zero. Months with an essentially constant
vertical profile,0P(z), e.g. June through August, show the smallest valued\@f/T"™. The success of

the average atmosphere model suggests that a month by month parameterization of the radiosonde data may
provide a useful time dependent model for the atmosphere above the HiRes experiment.

5 Conclusions:

This paper summarizes the time variation of the vertical profile of the atmosphere near the HiRes experi-
ment. Radiosonde data from the SLC airport were used to estimate errors in the transmission correction for flu-
orescence experiments. The estimated uncertainty in the Rayleigh transmission coX@€tigh™ ~ 3%
based on using the monthly average of radiosonde data to model the atmosphere.
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