The INFN Raman LIDAR aerosol measurements at
CTA North and its future deployment at CTA South

( Cta ARCADE Raman lidar

NEN ETEP

Istituto Nazionale di Fisica Nucleare
DSFC

Sedione d!Torina_ Universita degli Studi dell’Aquila sl i i Viadbed
Sezione di Napoli Dipartimento di Scienze fisiche e chimiche Unl_vers!ta egll Stu . I NapoliFe e il
Gruppo Collegato GSSI L'Aquila CETEMPS Dipartimento di Fisica «Ettore Pancini»

AtmoHEAD 2024



Vincenzo Rizi

INFN and CETEMPS/DSFC Universita degli Studi dell’Aquila — Italy

Istituto Nazionale
di Fizica Nucleare

Sezione di Napoli
LNGS L’'Aquila

UNIVERSITA DSFC
5 DEGLI STUDI Oiperimento
7/ DELL’ AQUILA & Crimiche "

@ ETEMPS

Dipartimento di Fisica
Ettore Pancini



Outline:

* 5 Ws: What/Who/Where/When/Why

* Brief overview of the Lidar System
* Data
* Conclusions
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The Cherenkov Telescope Array (CTA) is the next generation of
ground-based very high energy gamma-ray instruments based
on Imaging Astronomical Cherenkov Telescopes (IACTs).

The CTA Observatory will consist of two separate arrays, one
located in the Northern Hemisphere (Observatorio Roque de
Los Muchachos - ORM, 2300m a.s.l. La Palma, Canary Islands,
Spain) and one in the Southern Hemisphere (Cerro Armazones,
close to Paranal, Chile), to ensure full sky coverage.
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cherenkov telescope array




The CTA Observatory

The development of the Extensive Air Showers generated by gamma primaries
is greatly influenced by the atmosphere.

The variable atmospheric properties affect the observations of the Cherenkov
light in multiple ways, contributing significantly to the systematic uncertainty
on the primary energy and flux determination. The atmosphere plays a
double role, being responsible at the same time for the production of the
Cherenkov light and also for its attenuation when it travels towards the
telescopes.

In particular, the production of Cherenkov light depends on the molecular
profile, while the rapidly changing aerosol profile affects its attenuation. In
the CTA, high quality of the data will be ensured by a constant monitoring of the
local optical properties of the atmosphere during data taking with the aim to
correct the collected data.



Imaging Atmospheric Cherenkov Telescope technique and some atmospheric effects

How a Raman lidar is useful for CTA?

aerosol optical depth -> light transmission
aerosol backscatter -> light scattering

water vapour -> air refractive index

Measurements:

- the vertical profiles of the aerosol optical properties at 355 nm: the aerosol backscatter coefficient and optical depth
(AOD) up to 4000 m above ground level; the statistical error affecting the aerosol backscatter is between 3 and 50 %, the

AOD indetermination (correlated and uncorrelated) is below 0.005.

- the vertical profile of the water vapour mixing ratio.



The CTA Observatory

The development of the Extensive Air Showers generated by gamma primaries
is greatly influenced by the atmosphere.

The variable atmospheric properties affect the observations of the Cherenkov
light in multiple ways, contributing significantly to the systematic uncertainty
on the prlmary energy and qux determmatlon The atmosphere plays a

INFN Raman lear for the aerosol contents/local
climatology.
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profile, while the rapidly changing aerosol profile affects its attenuation. In
the CTA, high quality of the data will be ensured by a constant monitoring of the
local optical properties of the atmosphere during data taking with the aim to
correct the collected data.
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Cumbre Vieja 19 September to 13 December 2021
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LIDAR dismounted in October 2023

CASSA #1 High=156 cm Large=192 cm Depth=117
cm - about 3.7 m”3 (including the pallet)

CASSA #2 High=100 cm Large=147 cm Depth=97
cm - about 1.6 m"3 (including the pallet)

LIDAR back in lab in February 2024
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Data

 LIDAR Performances & Measurements

Past activities

Measurements (automated & unattended):

* Schedule: two 15min measurements per day (before dawn and after sunset)

* 85% of days covered with at least one measurement session in the period Nov. 2018 - Dec.
2022

Results

e Characterization of aerosol component of atmospheric transmission in UV completed

* Incidence of sporadic events (volcanic eruptions and/or Saharan dust outbreaks) spotted

Next activities

* Preparation of a general paper on system performance and measurements (i.e., Jinst)

e System back in the lab for major refurbishment in september 2023 (funded)

e 2024 possible participation in the ESO site characterization campaign (discussion on going)
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Data
* Performances & Measurements status (problems)

* No measurements causes:
* Mainly bad weather (fog/rain: automatic no measurements)
 Computer malfunctions.
* Network problems.
 Measurement done does not means "good" data (ex. Because dirty exit window, Low
level clouds, other hardware problems etc...).

* Required "on site" services not done. Consequences:
e Raman channels off since 2021
¢ Elastic channel (mainly) ok but SNR no more idea
e Other problems to be fixed only "on site".




Data

When the Lidar is in a good shape...

Sum of all(20) phc acquisitions MHz - 07Apr2020
1 | | 1 |

I | i | |
m— A TR
N 2
—H20
I I | I I I I I I I
0 0.2 0.4 0.6 0.8 1 L2 1.4 1.6 1.8 2
range [m] x10%

17



Data

... nevertheless, we have the limitations caused by overlap function...
7 April 2020
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Data

25 August 2019 20UT — Saharan dust case

SD in elevated layers
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Data

Backward trajectories ending at 2000 UTC 25 Aug 19

SD in elevated layers

NOAA HYSPLIT MODEL

GDAS Meteorological Data
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Job 1D: 130669 Job Start: Fri Sep 20 08:03:26 UTC 2019
Source 1lat.: 28.763900 lon.: -17.893400 hgts: 2500, 3500, 4500 m AMSL
Trajectory Direction: Backward  Duration: 144 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 22 Aug 2019 - GDAS1

MODIS L3 AOD (0.55 ym) 20190825 Saharo
(White areas — no retrieval)
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Data

SD in elevated layers
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14 FEB 2020 07UT — Saharan dust case
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14 FEB 2020 07UT — Saharan dust case SD in near the ground
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14 FEB 2020 07UT — Saharan dust case

Aerosol Subtype UTC: 2020-02-14 03:23:27.3 to 2020-02-14 03:36:56.0 Version: 4.20 Standard Nighttime
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Data

14 FEB 2020 07UT - Saharan dust case
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14 FEB 2020 07UT — Sah
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Data

Roque_Muchachos AERONET site

Site Coordinates and
Elevation:

Latitude: 28.76390° North
Longitude: 17.89390° West
Elevation: 2396.0 Meters

Site Description:

Roque_Muchachos site is a high-mountain station located on the rim of the Taburiente National Park in the
municipality of Garafia (La Palma). The photometer is installed at the Rogue de los Muchachos Observatory,
belonging to the Instituto de Astrofisica de Canarias (IAC). The site currently hosts the largest optical-infrared

telescope in the world, along with twenty other telescopes and instruments for various kinds of studies, including

nocturnal observations, robotic observing, solar physics, and high energy astrophysics.
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Data

Simultaneous measurements (At<3h)

From elastic data

0.8

0.7

AERONET@340nm
© Lidar@340nm OPT @AERONET

¢ Lidar@340nm blind @ AERONET

0
Jan 2020

Jul 2020

Jan 2021

Jul 2021
date

Jan 2022

Jul 2022

Jan 2023
30



Data

10

1072

Q\

N R é‘“’ I P é‘“’ é‘“’ é‘“’ é‘“’ -

From elastic data

¥

@ Lidar OPT @355nm @ground from aerosol backscatter mean=0.072

O Lidar BLIND @355nm (@ground from acrosol backscatter mean =0.070

% Lidar OPT @340nm @AERONET from aerosol backscatter mean=0.060
Lidar BLIND @340nm @AERONET from aerosol backscatter mean =0.061
AERONET Roque Muchachos @340nm v. 1.5 mean=0.061

o) [
® ¥ @
o ¥ 2 e aoc® \
o 2@og@ @ 00 oo ®° 5
? o%0" ¥ oy ® 0 o7
% ¥ ¥ .n. X %
¥ ¥
%
Ll

date

1
(]

%

%

o i
o
¥

L

Ay Q>



Data

5000 : :

MOROCCO

4500 -
4000 —

3500 —

1500 -

o= 25Mar2l -

500 -

0 1 1 1 l l 1 1 1 l
-3 -2 -1 0 1 2 3 4 5 6 7

aerosol backscatter [rn'1 sr'l] x107® %107




Data

NOAA HYSPLIT MODEL - NASA/AERONET Run
Backward trajectories ending at 1900 UTC 25 Mar 21
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Roque_Huchachos , N 28,764, H 17.894, Alt 2396 n.
PI : Africa_Barreto, abarretov@aenet.es
Angstron fron Level 1.5 ADD; Data from HAR 2821

EH—4e-878nn: {1.341> |

5000 , ,

Yersion 3 D5

4500

4000 —

3500 —

3000

o
]
=
z

[} -
= 5 8
3 g
] — i c
2?2500 : :
o wl
=
£ g

8
2000 D-> 161 192103 104 105 106 167 108 109 he 1 2 haha hs e b7 s ha be ba b2 b3 b4 bs be b7 bg e [3e 131 161 9263 04165 6 17 B8 B9
HAR PR
Eine(UTC) 2821

1500 -

w- 25Mar2l -

500 —

0 1 1 1 l l 1 1 1 l
-3 ) -1 0 1 2 3 4 5 6 7

aerosol backscatter [m'1 sr'l] x107® %107




Data
RAMAN - From aerosol extinction data...
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( td _ ArcADE Raman lidar
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Report 15102021 — CTA-INFN Raman lidar [see also the previous reports in:

https://www.dropbox.com/sh/rccqafnecx9ri87/AABWPhyUaXx_ThXIX4PiF4M4a?dI=0

Cumbre Vieja volcano [lat. 28°36'57.85"N lon. 17°51'50.27"W 985 m a.s.l.] Eruption started on 19092021

This is a short report of the observations of the CTA-INFN Raman lidar located at Osservatorio del Roque de
Los Muchachos (ORM) at lat. 28°45'49.77"N lon. 17°53'36.10"W 2155 m a.s.l..

The CTA-INFN Raman lidar is taking measurements in automatic mode, and, at the moment, the observations
are scheduled around the sunset and the sunrise to override the possible interferences with other
experiments at ORM.

The CTA-INFN Raman lidar signals can be used to retrieve the vertical profiles of the aerosol optical depth
and of the aerosol volume backscatter coefficient; the latter quantity is less influenced by systematic
uncertainties, and gives direct information about the aerosol location and relative concentration, especially
in the cases of high aerosol load.

The (preliminary) vertical profiles of the aerosol backscatter coefficients up to 4000 m above ground level
(a.g.l.) in the period 19 — 30 September 2021 are shown in Figure 1. Several layers of the volcanic aerosols
have been detected, and they show an aerosol concentration well above the background conditions (some
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Data

Volcano plume direction toward lidar site

OBSERVATORIO DEL ROQUE DE LOS MUCHACHOS
GARAFIA, LA PALMA (ISLAS CANARIAS, ESPANA)
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Cumbre Vieja eruption
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Data

Cumbre Vieja eruption

S02 vertical column [DU] 1 October 2021
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Data Cumbre Vieja eruption

S02 vertical column [DU] 2 October 2021
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Data Cumbre Vieja eruption

S02 vertical column [DU] 4 October 2021
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Data Cumbre Vieja eruption
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Data Cumbre Vieja eruption
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Data Cumbre Vieja eruption
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Data Cumbre Vieja eruption
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>1000 profiles
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>1000 profiles
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A LOCAL MODEL FOR THE VERTICAL AEROSOL OPTICAL DEPTH PROFILE?



VAOD(R) = abBLR,

VAOD(R) = aZB Rppy — aZBHH g Lo

(R-Rpp1)
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RPBL
aerosol aerosol
optical depth extinction
R < Rpp;
R = Rpp,
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The system is moving for the Paranal Desert CTA site (?)

Vulcano Llullaillaco |
6739 m, 190 km east
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* Future Upgrades

Optical fiber design

2m

Complete the cover/new beam
exit: less stray lights, cleaner

window.

Change the telescope/receiver
coupling from mirrors to optical
fiber: improved optical
stability/performances, better
overlap function & lower
systematics on data products.

&5 mm

INPUT END:
using FVP200 (molex, www.lasercomponents.com) fibers tightly
packed, it needs about 330 fibers to get a bundle diameter of 5
mm, and the bundle packing fraction should be about 75 %,
that, together with the fiber packing factor of single FVP200,
about 69 %, gives an overall light collecting efficience of about
52%.

3 X OUTPUT ENDS:
The single output end has a diameter of
about 3 mm, about 110 fibers.

The fiber distribution among legs should be randomized.

The end surfaces should be polished at the best.

The bundle and the legs should be in a stainless steel tubing and terminated with sleeves.
If an epoxy adhesive is used, it should have optical and physical properties similar to EPO-TEK® 353°.

@3 mm
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Conclusions [at ORM]

 The Raman Lidar is robust: in the last years it has collected of vertical profiles in automatic
and unattended mode.

 The Raman Lidar data appears of good quality considering its characteristics and the
operational constrains of the instrument.

* The data analysis has been tested and improved by the comparison with aerosol
measurements taken by a nearly located AERONET sunphotometer.

 We were able to collect volcano plume data during the Cumbre Veja eruption.

* The analysis of the profiles of the aerosol optical properties evidenced a seasonal cycle
linked to the Saharan dust events characteristics, superimposed to a generally low aerosol
load.

* Although the optimization with AERONET data gives interesting results (that requires further
tuning and investigation) we want to provide independent results. This implies:

* The Raman channels must be on (more “on site” services and/or local crew for simple
tasks).
* The overlap function must be significatively reduced (optical fiber).
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(Atmospheric Research for Climate and Astroparticle DEtection)
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Data available

Search for praofiles using the calendar. Days with valid observations are
marked with a different colour. The plus sign at the top right appears a0 ) N
when both morning and evening observations are present.

www.aquila.infn.it/arcade/
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