Studies 1n the atmospheric monitoring at the Pierre Auger Observatory
using the upgraded Central Laser Facility

Carlos Medina-Hernandez for Pierre Auger Collaboration

Laser Test-beams at the Pierre Auger Observatory Vertical aerosol optical depth t(z,t) measurements

* Observatory studies Ultra High Energy Cosmic Rays (UHECR) using a * FD measures T(z,t) using the scattered light from the laser facilities

hybrid technique: TaiE |  Atmospheric transmission (T) can be described in terms of T(z,t)
* A Fluorescence Detector (FD) (27 telescopes distributed at 4 sites)

* A Surface Detector (1660 stations spread over ~3000 km?)
» Unbiased FD reconstruction needs atmospheric monitoring
 Two “laser test beams” provide laser pulses at energies equivalent to a 50

EeV air shower T A E—

_ Tl ¢ Loma Amarilla jgéssT Sali i
° ) L i e "‘.'_'.l.- . .4.-. .- '1-' I‘_'l‘..l.'. P l_-.-.o. | 2imnar
Central Laser Facility (CLF) Sy - e
' ; ; L LA -. - -‘.....-.' -.....' '.'.'.- .' it -'- ety I"'-f b j{‘ Df:t‘ n L‘JJJl
- ! FD + LIDAR + ffpenesfasssssannses D DI Hre b AR
b T RR— 1 APF+HAM o _.ﬂ S ; 4 : . iid-rallo-aao.
- - . | ™ . . : .saen ; 3
- - — S =~ "Coihueco | - X
. o - 2 1! . = . - ..-wl: “l'c';.:c‘i.-:. bbbl RS L) SCR R IC R mbal
’ - F 3 - | - W - x _~ -~ ’.“’ ot 10 A " -~ . I.I .
= i T s > 79 \"\ L L LR
;I - - e

Backscatter

light

. f . - ! ! ]
s Morados | L D e Raman

-+ o

F telescope Energy monitoring LIDAR CLF

Y B g T — N3O km —
fust M ~ | os Leones . g5 =47\, Vingen dei Carmen
e e MNP :

EE * Side scatter method for T(z,t) measurements:

e Data Normalized (DN) analysis compares FD laser tracks against a
reference one obtained during a night free of aerosols

e Laser Simulation (LS) analysis compares FD laser tracks against a set
of simulated responses with different atmospheric parameters

* T(z¢t) values f1ll a atmospheric database for use in FD reconstructions
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The CLF upgrade

* Includes a back scatter Raman LIDAR

e Solid state laser controlled with improved GPS system

e Better sealed 40 ft container with a 2000 liter thermal reservoir o ]

* A robotic system for automatic energy and polarization calibrations T TR R TR XTI ET A e a0
Laser facilities are automatically operated and remotely programmed DN T (z=3 km) CLF DN 7 (z=3 km) CLF DN 7T (z=3 km) CLF
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Same analysis, Different analysis,
different laser source same laser source

The Raman LIDAR receiver at the CLF

* Independent method for T(z,t) measurements

* One elastic channel, two Raman channels (see photo below)
« N, Raman Scattering provides a known “atmospheric mirror”

Preliminary Raman measurements show higher T(z=3km) than FD side

scattering measurements
Seasonal variations are observed

e Pre-upgraded CLF needed manual energy measurements

 New system measures the absolute laser energy and provide a Calibration
Factor (CF) on a daily basis i !

 New system measures the polarization of the beam 355 nm Elastic Scattering §
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T(z,t) 1s a critical parameter to accurately measure the energy and

composition of UHECR

The CLF upgrade has been completed, including the first Raman LIDAR
at a UHECR observatory
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. PR— The Auger Observatory now has two independent methods to measure
- TOIRTI AT el T(z,t): the side scattering method and the Raman method
\ ’ One year of Raman data collection, two measurements per night
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CF PRE-UPGRADE CF POST-UPGRADE POLARIZATION | systematic uncertainties and possible physics implications

The Astroparticle Physics Conference ‘ ! R_IN 0 6 2 4
34" International Cosmic Ray Conference
July 30 - August &, 2015

The Hague, The Metherlands
d . ™ r l..- -
AT X
5 il iR 1

i Loma Amarilla

¥ Coihueco

CF *sin(angle)

o N B~ O

1 v calibration probe

O ma NV W PO N

¥ r. 3 :

| il EO COLORADO. CHOOL FMINES‘- -
P Pl ¥ RN s EN | ! N e |

L]
qs ! b=} o -8 r | '.-: I .
. v LFY | 3 . Sl . - 1
b g Ny : » ¥ T 3 < 1 ] "y ' o -
1 ¥ > _ pu l & | | ] o - Y f Y o » i
"‘ " il | 1 _ A | b V [ | | ' t ','P ‘
o « . r L] '_

L

4 M y

[ ] -
D 14 U
- vl
1 ™ ]
L]

K 1 o ‘I - ] i gy 8 3 -l .ol |
r ' ! il F s -+ L T8 i 1 e ol ! ¥ : #‘:

= .
7 ol 2+ | .




	Slide 1

