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Abstract

Thenext generatiorair fluorescencexperimentstudyingcosmicraysnear1(?°eV requiresignificantlybetter
atmospherianonitoring than the original Fly’'s Eye experiment. In this paperwe presentone methodto
monitortheaerosokransmissiorfactorfor the High ResolutionFly’s Eye (HiRes)experiment.

1 Intr oduction:

The atmosphericorrectionso datafrom the High ResolutionFly’s Eye (HiRes) experiment(Sololsky,
1999)areof two forms. Thefirst is the correctionfor the finite transmissiorof light from the extensie air
shawer to the fluorescenceelescopes.In practicethe obsered signalincludesboth air fluorescencelus
somescatteredair Cherenkv light from the air shaver. The latter mustbe subtractedas part of the shaver
reconstruction/amgsis andconstituteghe secondcorrectionto the fluorescenceata.

Thusvariouspropertiesof theatmospherenustbe known to allow the correctionof the obsered fluores-
cenceplusscattereair Cherenkv light signalbackto the sourcefluorescencsignalattheair shaver:

a) theverticalprofile of theatmospheredensity p(z), andtemperature]’(z), asafunctionof the height,
z, above the fluorescenceletectoreyes. To first orderthis is well representethy valuesat the ground,
z = 0, combinedwith theU.S. StandardAtmospherenodel(Martin, 1999).

b) theverticalprofile of aerosolsalsoasa functionof the heightabove thefluorescenceetectoreyes.

c) the Rayleigh scatteringtotal and differential crosssectionas a function of wavelength (which are
known).

d) theaerosoMie scatteringotalanddifferentialcrosssectiongTessier1999)asafunctionof wavelength
in therange:310nm < A < 410nm.

Our goalis to make the minimum numberof measurementthat will allow usto correctHiResdatafor
atmospheri¢ransmissioiossesandfor background$rom air Cherenkv light scatterednto the air fluores-
cencesignal. To proceedve usea 1-dimensionaimodel,i.e. variationonly with height,for theatmospherand
for theaerosolsThisis avery goodmodelfor the molecularatmospherelt is alsogoodfirst approximation
for nighttime aerosolon the horizontalscaleof the presenHiResexperiment(Solkolsky, 1996).

In this paperwe describeonly the subsetof the atmospherianeasurementseededo provide quantita-
tive measurementsf the transmissiorcorrections.We first measurehetotal, i.e. combinedmolecularand
aerosoltransmission ™ - T, at one wavelengthnearthe middle of the wavelengthacceptancef HiRes
usingscatteredaserlight from frequeny tripled YAG lasers(355nm)at fixed elevations, z, viewed by the
fluorescenceletectorsat differentangles«;, from the horizontal. The aerosoltransmission7™®, is obtained
by dividing by the comparatiely well knovn moleculartransmission7™. Themeasurementsf 7% provide
adirectmeasuremerdf the aerosobpticaldepth,r?(z), versusheightabore HiRes. This measuremenwill
also provide informationon the vertical profile of aerosols. To make correctionsover the full wavelength
acceptancef HiRes,310nm < A < 410nm, we will measurghe wavelengthdependencef the aerosol
horizontalattenuatiorlengthatthelevel of the HiReseyes,z = 0.



2 AerosolTransmissionCorr ection:

Mie scatteringdf light onaerosolsn theatmosphereesultsin anexponentialdecreasef thelight intensity
of alight beampassinghroughthe atmosphereThe multiplicative aesoltransmissioris givenby:

[Pz 1
T = T z,04,\) = e Jo K6y wman (1)
wherep®(z) = % is thenormalizeddensityof aerosolyersuselevationandA%(\) = m
is the aerosolhorizontaﬁattenuatioriength (e.g. in meters)at z = 0 asa function of wavelength,A. The
aerosolransmiqsiom:anbere expressedn termsof theaemsoloptical depth
%z, \) = [§ ”Ag()) andtheslantfactor Sm(a)'
T(za;,)) = e N @D 2)

3 Measurementof the AerosolOptical Depth:

To measurehe aerosoloptical depth,7%(z), we needknown intensity pulsed,UV light sourceslaced
moreor lessthroughoutheatmospherabore the HiResaperture For thelight sourcesve proposeo useside
scatteedlight from frequeng tripled YAG laserbeams Therelative brightnessf eachsourcewill beknown
basedon monitoringthe intensityof eachlaserpulseandby makinga (small) correctionfor variationsin the
scatteringorobabilityversudaserlight scatteringangle(i.e. theanglebetweertheinitial laserbeamdirection
andthefinal directiontowardthe monitoringfluorescencéelescope)moredetailsareprovide below.

Now at a givenwavelengthandwith our 1-dimensionafmodelfor theaerosols7*(z) depend®nly onthe
light sourceheight, z, above the fluorescencéelescope(s).Thus7¢(z) is the samefor light from all light
sourcesatthesameheightz above thefluorescenceye(s). Furthermordor our 1-dimensionaberosomodel
theaerosokransmissioriactorizesnto z-dependenandinto «;-dependenpartsasshavn in Eqn. 2.

Usingscatteredaserlight we placeknown intensity I, light sourceatthesameheight,z, above afluores-
cenceeye but at differenthorizontaldistancegrom the eye. Thesewill beviewedwith differentslantfactors
andwill have differentobsered intensities.If we denotethe obsered intensities,correctedor simplegeo-
metricaleffects(e.g. ther—! dependencwith distance(r) for line light sourcespndfor Rayleighscattering,
by fobs (az) then:

_rae (z) - 1

Iobs(zvai) = IO - € sinag)

Thenaturallogarithmof fobs(ai) is then:
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The slopeof In( Is(z, ;) ) versus sm(a) glvesthe aerosoloptical depth,7%(z). Alternatively for two
measurementsith very differentvaluesof sm(a y we obtain:
iobs(za Qlar e) a 1 1
Iobs (za asmall) Sln(asmall) szn(alm”ge)

wherea,q1; is asmallangleto thehorizontalandcorrespondso light from avery distantsource ando;ge
is a large angleto the horizontaland correspondso light from a nearbysource. This relation provides a
directmeasuementof the aerosol optical depth 7¢(z).

Two possiblegeometriesor thescatteredaserlight sourcesaregivenby:



1. FixedRadiusMulti-sourceGeometry
In this geometrywe would placevertically directedlasersat a fixed radius aroundone fluorescence
eye. This eye is the monitoreye andprovidesthe measuremertf therelative shotto shotlaserinten-
sity — only azimuthalsymmetryneedbe assumedA secondattenuation eye views theseat different
distancesThusfor agiven z the attenuationeye views theseat differentvaluesof —~— asrequired.

sin(a;)

2. FixedRadiusSingle-sourc&eometry
In this geometrywe would locatea single steerable laserat a large (20 ~ 30km) distancefrom the
attenuationeye. The shotto shotintensity of the laser(s)are monitored. This provides the relative
shotto shotlaserintensityfor pointsat fixed radius, from the laser; only azimuthalsymmetryneed
be assumedA rangeof z and smlm is obtainedby directingthe laserbeamat variousazimuthand
elevationangles.

In thesetwo geometrieshescatteringangleof thelaseright, 3, is effectively restrictedo arangeof angles
wheremoleculanRayleigh)scatteringlominatesFor the HiResverticalfield of view thelaseright scattering
angleis in therange:90° ~ 120° for thefixedradiusmulti-souce geometry For thefixedradiussingle-souce
geometrywe addoneadditionalrestrictionthatthe light scattereaut of the laserbeamis viewed at a radius
of ~ 1.05x thelaser— attenuationeye separationlUndertheseconditionsthe light scatteringangleis in the
range:100° ~ 150°.

To estimatethelaserlight scatteringorobabilityversusangle,we shav in Fig. 1 thenormalizedmolecular
(Rayleigh)and predictedaerosol(Mie) (Longtin, 1988) scatteringdifferential crosssections. The fraction,
f*(N), of laserlight thatundegoesaerosolMie) scatteringn averticaldepth,dz, of theatmospherés given

by:
. B 7(2) do®(cos(B),\) dz
Y = Ty T ) s A0 (3)

wherea is theangleof thelaserbeamto the horizontal AS2 is theangularacceptancef theentranceperture

of a given quorescenceeIescoPethe ra-
. . do®(cos(B),\)
tlo Of aeroso|CrossseCtlons:5—722 ’ Rayleigh or Aerosol {dSigma/dcos(thsta))/Sigma_tot

is called the aemosol phasefunction and B N L R
otherquantitiesaredefinedin Eqn. 1. A
similar expressionappliesto the fraction
of the laserlight thatundegoesRayleigh
scatteringin the atmosphere. The total
scatteringprobability is the sum of the
Mie andRayleighcontritutions.

At 355nm the relative horizontal atten-
uation lengths for aerosoland molecu-
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(Longtin, 1988) In practicethe HiRes Aerosol phase functions from HiRes Monte Carlo
experiencds thatthetypical aerosohori- Longtin parameterization

zontalattenuatiorengthat the HiResex-
periment, Dugway Utah, is about 1.4 x
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In Fig. 2 we shav the expectedotal scat- Ing angle,3
tering probability (sumof Rayleighplus Mie normalizedo the Rayleighcrosssection)for three



casesRayleighattenuatiorlengthis twice the Mie attenuatioriength... this correspondto anightwith much
larger than expectedlevels of aerosols;

RayleighattenuatiodengthequalgheMie fatie (Kosteh pius Aerorot]asteigh
attenuationlength; Rayleigh attenuation o5 T .
lengthis one-halftheMie attenuatiorengtt i ' Rayleigh + 2 x Aerosol {dot-dash) |
... this correspondso a typical nightwith 2ol e ) ]
low levels of aerosols.Exceptfor nights ’ :

with muchlarger than expectedlevels of
aerosolghetotal RayleighplusMie cross
section(normalizedto the Rayleighcross
section) is approximatelyconstantover
theangularscatteringange:100° < 8 <
150°. Thuswe anticipatethatonly small T
correctionswill be neededto normalize "% 50 100 190
the scatteredight intensitiesat the differ- scromol prane mnt:h::;;m carto
entvaluesof W for eachfixed value Longtin parametesization

of z. Furthermorethecorrectiondecome

smalleri.e. theratioin Fig. 2 approaches_. . . . N :
1.0, astheheightof thesourcesncreases.F'gure 2: The sumof Rayleighplus Mie scatteringdifferential

Specificallyin Eq. 3 §9(z) for aerosolscrosssectlonsnormal|zedto the Rayleighcrosssectionfor three

decreasesvith a typical scale height of casesseetext.
~ 1.2km wherea$™(z) for themolecularatmospheréecreasewith ascaleheight,~ 7.5km.
Thesemeasurementdiffer from otherproposednonitoringmethods First thefluorescenceetectorsead
out the scatteredight. Thusa separatesteerable mirror/DAQ system,suchaswith corventionalLIDARs
(Hayashidal999),is notneededFurthermoreghelargeareafluorescencenirrorsallow thelight transmission
(atmosphericalibration)measurement® be madeover the samedistancesscalesasthe air shaver (data)
events.Secondhelaserandattenuatioreye geometriesirechosersothatlight pathfrom thelaserto thepoint
of scatterings a constantat a given height, z). Thusapartfrom azimuthalsymmetry no otherassumption
needbe madeaboutthe initial transmissiorfrom the lasersourceto the point of light scattering(toward the
attenuationeye). This differsfrom proposalgTeshima,1999)thatmodelthe entirelight path.
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4 Conclusions:

This paperreviews the light transmissiorcorrectionfor air fluorescencexperimentsn a 1-dimensional
aerosolmodelfor the atmosphere.One of the methodsproposedfor monitoring the aerosoltransmission
correctiondor the HiResexperimentis presented.
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