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Atmospheric optical properties

Photons emitted at '
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Transmission: T(x)=¢€*
Optical Depth (OD): 7=/*ofr)dr=7__ +t

molec clouds aerosol

Attenuation coefficient: o = o*N(X)
Attenuation Length: A = 1/
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Light scattering by particulate

The intensity of light scattering by particulat ends on:
€

7

the geometric size and shape of the scattering partic

the refractive index of the particle
the wavelength of the incident light

the particulate number densit

Very difficult to model :
Mie approach: / ing ¢
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Atmosphere: Optical Depth, molecules vs aerosols
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Optical properties show little dependence on ecular density variations
and much larger complications from aerosols &



Aerosols: monthly models //

aerosol profile seasonal model

summer ST‘ winter A

h (summer)<h (winter)
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aerosol aerosol
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CLF+XLF: principles of operation

CLF = Central Laser Facility
XLF = Extended Laser Facility ‘o

355 nm =

Steerable laser
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CLF+XLF: more details

Nd::YAG laser

harmonic separator mirrors to suppress first two harmonics
(1064nm e 534nm)

Depolarizer to randomly polarize the beam

Pulsed beam width 7ns

Average energy per pulse 7mJ (~102% eV)

The laser wavelength is 355 nm, which is near the middle of the nitrogen
fluorescence spectrum that is produced by air showers.

e bhmmes | T oo b=

Fiber
To Tank

Laser

Vertical
Beam
To Sky

Control, Monitor, Power

Solar
Panels Intermet
COMPUTER |-
Regulators
o o H Volts,
. = : 0 Tamp
Batleries Serial Ports | = | | monitor
EEE
Rain == 53
Inverter Sensor il ull @
|
Power Controller Weather Cloud
> E E ? EF T:ﬂ Station Detector
ol=| % 2 8 =2
T |l < o

| GPSY (iiming) |
e

|| Energy Manitor 1 |3
(photodiode)

Fiber
To Tank

-
I_.-"

Optics
Steered Vertical
Beam Eeam

Shutter

/

N y J
( Lo
- '

-

== Depolarzers ==

Filtar

—
I
- -

I=2%

Flipper

‘F Energy Manitor 2
oyroalectric)

YAG LASER
(353 nm)

Piarra Ailimar Dilheaniatans: Mantral | aecar Ea




=g

FF o B
m M1m .m. .mmm |m
7 g X
> = A
0 5 w
LL B - =
mu 3 a.w&.ut -m
c | _ - e i
2 | ——%
2 : | |2 =
P m . 1o mm w"""_ﬂ_m.____m_ _._ﬂl ._mu _ﬂ 1=

& w

|||||||||||||||||||||||||||

||||||||||||||||||||||||||||

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

||||||||||||||||||||||||||||||||||||

cannot determine thei

9p]
(O]
)
>
=
=
LO
—
=
L
D
=
(¢b]
(92
e
@)
N
N
©
O
=
D
>
o
LO
5

N
|
o
N
==
N
(€D
>
wn O
2 ®
o ©
LS N e
DO D
2 ©)
al O
> =
(<)

S S
QO o
— O
O
LS
NN N
S NN A
ek

c
QO
S —]

(4v]

S

(¢b)

(®N

@
O

(b]
e

©

=

o
-

>

(qu]
=

D
e
@

o

&

o
O

)

integral signal:

CLF+XLF: operating modes, typical signals

Raw signals on FD camera:

i

Clouds on direct laser path produce spikes
Clouds on scattered light path appear as dips



CLF+XLF: aerosol OD measurement

Normalize fully simulated profiles in Rayleigh nights, when signal is:

“'l.F_E} 3(.1:-:;?1( 1 _I_ -‘efflggk) _J—Tr}-'f_(h-)( 1+ 1 )

SETUE ],
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Caveats:
Energy calibration at few % level is crucial
VAQD profile measured up to base height of clouds
-

lterative procedure to extract profiles starts with p =[5

B(h, /24 @)
LT 71 — LT - |~ .y 1
n(P/Prn) = In (rll'ﬁiﬂ_(h.-:, /2 4+ 5:_:;)) ra(h)( +-nu?:_:i)

Vertical profiles fitted to a two p

g = i t( —h/Hppie)

Lrie




CLF: typical example of best fit
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This plot is the basis for the
development of a monthly

parametric aerosol description

CLF: VAOD vs time, 4 years
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Lidar : scanning Z
patterns
Horizontal Shots A XT bt
Horizontal omogeneity LN/ s b

Aerosol extinction at ground

Continuous Scans
Cloud coverage
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Cloud characterization
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" Field of View



Lidar : horizontal shots

Horizontal shots are crucial to:
check horizontal homogeneity
measure aerosols at ground
check laser-mirror alignment

(overlap function)
N — In O(r)s(r) \ i oA
S(r;rn) =1 (@(Tﬂ,)ﬁ(ﬁ—a)) 27(rn,T)

simplifies to:

O(r)
O(rp)

S(r;mm) =In ( ) —2ag(r —rn)
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Lidar : overlap function
Depends on:

laser-mirror alignment

laser divergence

PMT field of view
Ray tracing MonteCarlo used to account
for shadowing effects from PMT support

Overlap Function dependence on laser-mirror misalignment

124 ﬁég,m mrad
8,10 mrad

Ad = 0 mrad - Parallax 120 cm

p
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Lidar : aerosols at ground, aaily variations
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Lidar : VAOD with MultiAngle inversion

Main assumption:

Horizontal Homogeneity S(hi hn) = In
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Lidar : VAOD in the short range

— Lidar VAOD
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Lidar : VAOD(h) vs time
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VAQOD effects on shower Energy and Xmax
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Lidar : VAOD with Fernald inversion/1

If we have only molecules, B=(3/8)c; differentiating :

dsS
Rl — —
dr

—p

S/ i
that we can multiply by e*c. to obtain: d(e”/a) — 95
dr

.o cn ISR
eS(r)  S(reo)

oo 1y !
= 2 / eS(r) gy
a(r) a(rec) T Jr

IF we know o at some (large) distance r
it o get :



Lidar : VAOD with Fernald inversion/2

IF the aerosol phase function is known and does not change
with altitude then we can write F = P_/P and write S as:

S =In (M) —2 /“r(&-1-1'1..('?"f)‘|‘ﬂr1 ('?J))d'rf
Fam(ro) + aa(ro) JT0

S'=S8 + 2(1 — F) /ﬂ-r'r'z..('?"f)d'?"f

o
,//////////& — £ 0m 7T Qa

S| Q"'/" 2

and invert the previous eq

Problem: large sy ,’ :



Aerosol angular distribution

APF: Aerosol Phase Function

Measurement of the aerosol differentia
cross section directly in the proximity
of the FD sites.
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Aerosol angular distribution

= Signal from the APF light source in each pixel of the FD is given by

11 (de)) 11 (ae))
R i [ ERR

Rayleigh Aerosol

= |, light source intensity
= . distance beam to detector Fluoresssnes Detestor w

= T transmission factor (setto 1 in
this analysis)
field of view

= A™ /A% total molecular/aerosol APF Light Source of * pixel: 401
extinction length T e R g

= Az track length " track lengih viewed by * pixel: Az
= A0 pixel solid angle
= ¢ efficiency

B



Aerosol angular distributions

50000 During a 'Rayleigh Night': pure

Aerosol Phase Function \
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phase function [arb. units]

Aerosol angular distributions

x10°
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Raman LIDAR: principles

Energy

A virtual energy T
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Requires MANY shots and

HIGH power laser.

LIDAR return spectrum

1 — Rayleigh/Mie
Elastic scattering

air/aerosol

—_— 0,

—_— N,

Operating Mode: — 1o
40 min before FD starts
20 min after FD ends

o
)

intensity (a.u.)
T

Raman anelastic scattering

340 345 350 355 360 365 370 375 380 385 390 395 400 405 410 415 420

wavelength (nm)

<
i

4



Raman LIDAR: layout

optical fiber

Elastic
Raman O,
Raman N,

L: field lens

BS: beam splitter

NO: notch filter

ND: neutral density filter
[F: interference filter
PMT: photomultiplier




Raman LIDAR @ LL y

[The RAMAN CORNER]

Optical fiber
from telescope
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Raman LIDAR; data 7
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Raman LIDAR data vs month

monthly mean acrosol backscatier coefficient profiles
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