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The Pierre Auger Observatory Aerosol Monitoring System

In the fluorescence band of nitrogen, aerosol and molecular scattering are the main mechanisms for the attenuation of light on its path from
the point of emission to the detector. Aerosol (Mie) scattering, altought less attenuating than molecular (Rayleigh) scattering, has a non
negligible effect on the Fluorescence Detector (FD) data analysis. Moreover, the vertical aerosol distribution is highly variable with time
and affects directly the shape of the longitudinal profile.
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The intensity of fluorescence light that is reaching the FD depends on the transmission factors T__and T__
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under the assumption of horizontal uniformity of the atmosphere ﬂ

To fully determine the vertical aerosol optical depth 7_ it IS necessary to measure :

* the vertical height profile of the optical depth t(h)
* the wavelength dependence of the optical depth 1(A)
* the angular distribution of light scattered from aerosols or phase function P(6)
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e The FD measures these UV laser tracks, and the analysis yields hourly measurements ofthe £ + T A Cphueco  %,>=0.038
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Rl - Two fully compatible analysis techniques are used to obtain the VAOD profiles. o b :12""5:4* Blfg.nn-g
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Measurement of the wavelength dependence of the optical depth ., ;) _ 1.1, 60)” Distribution of VAOD at 3.5 km above ground level
The wavelength dependence of the aerosol optical depth has been measured using the Horizontal 10° e
: . . ] - Scattering Measurement: 20 Jun 2006 05:00 UT - Scattering Measurement: 7 Jul 2008 09:00 UT
Aerosol Monitor (HAM) and confirmed by further measurements taken with the FRAM (F/(Ph)otometric L PE)=P @ [ e P(6) = P, (6) + P,(0)
Robotic Atmospheric Monitor). The measured Angstrom coefficient is ¥ = 0.7 (fixed value used in the FD 7 G [ e s
data analysis) corresponding to a weak dependence on the wavelength as expected for desert-like sites. 5 | 5 *’t__._%__
Measurement of the aerosol phase function P(8) O e T B O
The angular dependence of the aerosol scattering is described by the normalised differential scattering £ £
cross section in the form of the modified Henyey-Greenstein function | g2 2 2 3 3
P, (0) = -8 1 L f cos- 0 — 1 2 e
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Two Aerosol Phase Function (APF) monitors fire light pulses horizontally in the FOV and the measured 10° =25 " 50 80 100 120 140 10° 20" 60 80 100 120 120
data are well fitted by the parametrized phase function. In the FD data analysis we use fixed values of scattering angle 6 [] scattering angle 6 [°]
f=0.4 and g = 0.6, obtained from the mean of the measured distributions. APF light intensity vs scattering angle : aerosol-free (left) vs typical (right) night
E w0 g VE ao-2se | How aerosols affect FD events
£ 3 i %‘zy%ﬁc:kk T 3 The longitudinal development of a shower is built using the light detected by the 4 FDs.
g 250 F O mulipe seatiered | 5 30 b The components of the UV light collected are Fluorescence, direct Cherenkov, and aerosol +
g 200 £ 5 f Molecular scattered Cherenkov light. The atmosphere is responsible for both the production and
% 150 £ x 20;_ the attenuation of the Fluorescence and Cherenkov light. Aerosols, in particular, scatter light out
5 10 - T 100 of the field of view during its travel towards the detector, resulting in an attenuation of the light at
o S0 ] 545 - the FDs. Also, scattered Cherenkov light may enter the FOV due to aerosol scattering.
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time slots [100 ns] slant depth [g/cm’] All of these contributions are evaluated to build the longitudinal energy deposit profile dE/dX.

The light received at the telescope with each component (left) and the final dE/dX (right)

How aerosol uncertainties affect FD data analysis

— 8 The uncertainties on the measured hourly VAOD profiles are divided into correlated 15 | o calibration - o - reconstruction
E Bl (affecting a sample of EAS) and uncorrelated uncertainties (different from one EAS — | -¢- atmosphere —— quadratic sum ]
2 o to the next) 8 YL e o
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= The correlated uncertainties lead to a systematic error in shower energy which is % I e
E energy dependent, ranging from 3 to 6 % from 10*®eV to the highest energies. We & ) SN
°F guote also a 1% systematic uncertainty related to the shape of the phase function, 2 5 "% 9 ¢ 0o 9-e-0-¢ 4 o 0-9-6-5F 5 §
o and another 0.5% related to the aerosol scattering wavelength dependence. b o oeaame®t—
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E All systematic effects due to the atmosphere have been combined and are energy ' '110'18 — 'iéw T
T e T I ST TE R T dependent. The vertical aerosol attenuation profile affect the shape of the measured
g, (FeV) longitudinal profile of showers, affecting the measurement of Xmax. The aerosol Bl
errors are the major contribution to the Xmax systematics due to the atmosphere.
1.8 T
14f Validity of the aerosol attenuation profiles applied to FD event analysis
of 1'215_ Ll e S e To confirm the validity of the VAOD profiles applied to the FD event analysis, a useful metric is the flatness of the ratio of
i ek H T the reconstructed SD energy to FD energy as a function of the aerosol transmission to the shower maximum.
0.65—
0.4F ope 0006 £ 0.6 We see a slope In this ratio of —0.006 + 0.036, fully consistent with zero, and this is a strong indication that our VAOD
g L T ] measurements accurately describe the status of the aerosol atmosphere above the array.

Aerosol transmission to X .
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