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Atmospheric monitoring at the Auger Observatory

2

Main instruments for recording

= Aerosols
— CLF / XLF
— Elastic lidars
— Raman lidar

= Clouds
— IR Cameras

— Elastic lidars
—  CLF / XLF

= Electric Field
—  E-Field Mills (<= in map)
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Atmospheric monitoring at the Auger Observatory

3

Status of instruments

Aerosols
— CLF = being upgraded / XLF = running

— Elastic lidars - operated at CO+LA
— Raman lidar - being upgraded

Clouds
— IR Cameras - to be phased out

— Elastic lidars
—  CLF / XLF

Electric Field
— E-Field Mills (<= in map) - running

AtmoHEAD 2024
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Outline of presentation

= Substitution of Cloud Cameras by Night-Sky Background data from the Fluorescence
Detector

= New setup for E-field measurements and its Application to the AugerPrime Radio

= Recent developments for the Cloud Cuts to Fluorescence Detector data

. PIERRE
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Substitution of Cloud Cameras by o s by I
Night-Sky Background data from FD Seon Aumacs S Aceee

Principle idea

Fluorescence Detector (FD) is recording Night-Sky Background (NSB)
= Permanently during DAQ
= Every 30 sec
= For each individual pixel of every telescope

Use NSB data to determine photon flux for ,clear” conditions for every pixel and sidereal time

Estimate clouds in FOV from NSB photon flux variations

. PIERRE
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Night-Sky Background data from FD

Photon flux (0.00E+00, 3.00E+08) | Frame: 0

Desired GPS: 1176949518 | Desired UTC: 2017-04-23 02:25:00 | Desired Sidereal Time: 11.884,., __

Data example oo

(S
o

NSB data

for FD Coihueco + HEAT
for a period of 17 min
during April 2017

Elevation (deg)
w H
5 &

N
o

101

04

[ORRRAROSAAAAANL XX

Photon flux (Photons / m?2 / deg? /s)

-125 -100 =75

CO 1 | Nearest GPS: 1176949528 | Nearest UTC:
CO 2 | Nearest GPS: 1176949528 | Nearest UTC:
CO 3 | Nearest GPS: 1176949528 | Nearest UTC:
CO 4 | Nearest GPS: 1176949528 | Nearest UTC:
CO 5 | Nearest GPS: 1176949528 | Nearest UTC:
CO 6 | Nearest GPS: 1176949528 | Nearest UTC: 2f

HE 1 | Nearest GPS: 1176949516 | Nearest UT(
HE 2 | Nearest GPS: 1176949516 | Nearest U

HE 3 | Nearest GPS: 1176949516 | Nearest UTC:

6 July 2024 AtmoHEAD 2024

-50 -25 0 25
Azimuth (deg)

2017-04-23 02:25:10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10
2017-04-23 02:2
2017-04-23 02:25:10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10
2017-04-23 02:25:10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10

10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10

25:10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10
10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10
58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2
58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2
2

2017-04-23 02:24:58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS):

75

B. Keilhauer
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Identifying Clouds Using NSB Photon Flux Thresholds
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Photon flux (Photons / m? / deg? / us)

Setting the limit between ,,clear” and ,,cloudy”

Determining the NSB photon flux threshold for each telescope and sidereal time
= Plot photon flux for each telescope and sidereal time with pixels grouped into rows of

elevation

= Find the minimum flux per elevation

Photon flux at one telescope for a given time

3 1 E 0
oo s e oo, EIEVATION (A€G) o

NSB flux vs elevation plot for Figure 4.3a. Blue points represent the photon
flux for each pixel plotted by elevation. Orange points represent minimum
photon flux-elevation pairs and photon flux lower edge plotted as logarithmic fit
to set of orange points.

Photon flux (Photons / m? / deg? / s)
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Example of messy plot for photon flux lower edges for Coihueco 1 sidereal time
6h where the colour bar represents GPS seconds. Vibrant colours are used to
distinguish the time of each lower edge throughout 2017.



Identifying Clouds Using NSB Photon Flux Thresholds

Setting the limit between ,,clear” and ,,cloudy”

Determining the NSB photon flux threshold for each telescope and sidereal time
= Plot concentration of flux minima curves

= Extracting threshold Work in progress

Photon Flux Lo~ Concentration of flux minima curves for one 0 |Sidereal Time Bufer: 0.10 for every elevation
Low FluxLimit: 20 yelescope for a given sidereal time over 1 year éelg;e;t\cljg,) flux): (1.3, 2.00E+06) v

+ 1D Gaussian Mean Per Elevation Slice Slice: 1 | Elev: 2.10
—— Photon Flux

» £100

C

3

o

Q

N

L Gaussian fit ]
H]mrl_ﬂ = Gaussian Mean
05 1.0 15 1e8
Photon flux (Photons / m? / deg? /s)
Clear-sky threshold as a
function of elevation, for each
0 telescope at each sidereal time
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Cloud images
Applying photon flux threshold and a tolerance factor to NSB data

) Clear, if flux(pix_eclev) > tolerance x concentration threshold(pix_clev)
pixel class =
Cloud, otherwise.

. R . S A
Coni Cloud identification at FD station Coihueco+HEAT for a given time .

Desired (S 884

60

10 cloudy

Elevation (deg)
w
=}

NSB Cloud Index

N
=]

o

[=}

@,

o

o}

=

10

0

-125 -100 =75 -50 =25 0 25 50 75
Azimuth (deg)

| Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 8.409%

CO 1 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02
Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 9.318%

CO 2 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02
CO 3 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:,
CO 4 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02

2
2!
2 Nearest Sidereal Time: 11,887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 10.000%
2!

CO 5 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:2!
2
2
2
2

|
|
| Nearest Sidereal Time: 11,887 | abs(Desired GPS - Nearest GPS); 10 | Unprocessed Cloud 0.455%
I
I

Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 0.000%
CO 6 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:25:10 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 0.000% PIERRE
HE 1 Nearest GPS: 1176949516 | Nearest UTC: 2017-04-23 02:24:58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2 | Unprocessed Cloud 26.136% .
9 J Uly 2024 HE 2 Nearest GPS: 1176949516 | Nearest UTC: 2017-04-23 02:24'58 | Nearest Sidereal Time: 11.884 | abs(Desirad GPS - Nearest GPS): 2 | Unprocessed Cloud 1.591% B. Keilhauer AUGER
HE 3 Nearest GPS: 1176949516 | Nearest UTC: 2017-04-23 02:24:58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2 | Unprocessed Cloud 0.000% OBSERVATORY



Cloud images

Apply some further imaging processing to smooth out cloud shapes and reduce noise
NSB plot for FD Coihueco+HEAT at 2017 04-23 02 25:00

i A i i A T T

60

10

Elevation (deg)
w
o
Photon flux (Photons / m? / deg? /s)

20 Cloud plot without imaging processing for

FD Coihueco+HEAT at 2017-04-23 02:25:00

a

[

H ‘ Cloud plot with imaging processing for

-125 ~100 -75 -50 -25 0 25 50
Azimuth (deg) Processed Cloud Perc
b Concentration Siderez  FD C0|hueco+HEAT at 2017-04-23 02:25: 00
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40 60
=
c
£30
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“20
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[
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.g 30
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0
10 July 2024 AtmoHEAD 2024 -125  -100 -7 -0 =25 0 25 50 75
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NSB Cloud Index



Cloud images

Processed Cloud Percent: 5.505% | Tolerance: 1.0 | Processing: (0.61, 0.67) | Frame: O
Concentration Sidereal Time Reference: 12.0 | Concentration Siderel Time Buffer: 0.1

Data example Desired GPS: 1176949518 | Desired UTC: 2017-04-23 02:25:00 | Desired Sidereal Time: 11.884
60
Cloud images from NSB 50]
. 1. loud
for FD Coihueco + HEAT -0
for a period of 17 min g% 5
during April 2017 § 30] 3
* 20
clear
101
0,

-125 -100 =75 -50 -25 0 25 50 75
Azimuth (deg)

0 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 8.409%
0 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 9.318%
0 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 10.000%
0 | Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 0.455%
0]

0]

CO 1 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:2

CO 2 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:25
CO 3 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:25
CO 4 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02:25
CO 5 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02;

Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 0.000%
CO 6 Nearest GPS: 1176949528 | Nearest UTC: 2017-04-23 02 Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS): 10 | Unprocessed Cloud 0.000%
HE 1 Nearest GPS: 1176949516 | Nearest UTC: 2017-04-23 02: | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2 | Unprocessed Cloud 26.136%
HE 2 Nearest GPS: 1176949516 | Nearest UTC: 2017-04-23 02:24:58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2 | Unprocessed Cloud 1.591%
HE 3 Nearest GPS: 1176949516 | Nearest UTC: 2017-04-23 02:24:58 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS): 2 | Unprocessed Cloud 0.000%

. PIERRE
11 July 2024 AtmoHEAD 2024 B. Keilhauer  AUGER

OBSERVATORY



Comparison of Cloud images from NSB with IR camera data

Processed Cloud Percent: 5.505% | Tolerance: 1.0 | Processing: (0.61, 0.67) | Frame: O

Concentration Sidereal Time Reference: 12.0 | Concentration Siderel Time Buffer: 0.1
Desired GPS: 1176949518 | Desired UTC: 2017-04-23 02:25:00 | Desired Sidereal Time: 11.884

Binary Cloud Index Threshold: 3.0 | Binary Cloud Percent: 19.495% | Frame: 0
'sired GPS: 1176949518 | Desired UTC: 2017-04-23 02:25:00 | Desired Sidereal Time: 11.884

60

Elevation (deg)
N w
o o

[y
o

1.0

NSB Cloud Index

0

@
(1]
Q
=

-125 -100 =75

CO 1 Nearest GPS: 1176949528 | Nearest UTC:

CO 2 Nearest GPS: 1176949528 | Nearest UTC.
€O 3 Nearest GPS: 1176949528 | Nearest UTC
€O 4 Nearest GPS: 1176949528 | Nearest UTC
CO 5 Nearest GPS: 1176949528 | Nearest UTC:
CO 6 Nearest GPS: 1176949528 | Nearest UTC
HE 1 Nearest GPS: 1176949516 | Nearest UTC:

HE 2 Nearest GPS: 1176949516 | Nearest UTC:
HE 3 Nearest GPS: 1176949516 | Nearest UTC:

12 July 2024

-25 0 25 50 75

Azimuth (deg)

-50

60

Elevation (deg)
w I
o o

N
o

fury
o

0

5.0 (90-100% Cloudy)

4.0 (70-90% Cloudy)

3.0 (50-70% Cloudy)

2.0 (30-50% Cloudy)

IR Cloud Index

1.0 (10-30% Cloudy)

0.0 (0-10% Cloudy)

-1.0 (N/A% Cloudy)

=125 -100

=25 0 25 50 75

Azimuth (deg)

=15 =50

validation GPS): 150 | Binary Cloud Percentage: 76.364%

2017-04-23 02:
2017-04-23 02:
2017-04-23 02

25:10 | Nearest Sidereal Time:

25

25
2017-04-23 02:25:

25

25

24;

10
10 | Nearest Sidereal Time: 11.887
:10 | Nearest Sidereal Time: 11.887
10
10
10

Nearest Sidereal Time: 11.887

Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS)
Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS)

:58 |
8 |
8 | Nearest Sidereal Time: 11.884 | abs(Desired GPS - Nearest GPS)

Picture every 30 sec

11.887 | abs(Desired GPS - Nearest GPS):
abs(Desired GPS - Nearest GPS): 10
abs(Desired GPS - Nearest GPS): 10

Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS):

| Nearest Sidereal Time: 11.887 | abs(Desired GPS - Nearest GPS):
|
I abs(Desired GPS - Nearest GPS):

10 | Unprocessed Cloud 8.409%
Unprocessed Cloud 9.318%
Unprocessed Cloud 10.000%
10 | Unprocessed Cloud 0.455%
10 | Unprocessed Cloud 0.000%
10 | Unprocessed Cloud 0.000%
: 2 | Unprocessed Cloud 26.136%

: 2 | Unprocessed Cloud 1.591%

: 2 | Unprocessed Cloud 0.000%

AtmoHEAD 2024

€O 1| IR Cloud Validation GPS: 1176949368 | IR Cloud Validation GPS: 2017-04-23 02:22:30 | diff(desired GPS-
€O 2 | IR Cloud Validation GPS: 1176949368 | IR Cloud Validation GPS: 2017-04-23 02:22:30 | diff(desired GPS-
€O 3 | IR Cloud Validation GPS: 1176949368 | IR Cloud Validation GPS: 2017-04-23 02:22:30 | diff(desired GPS-
€O 4 | IR Cloud Validation GPS: 1176949368 | IR Cloud Validation GPS: 2017-04-23 02:22:30 | diff(desired GPS- validation GPS): 150 | Binary Cloud Percentage: 12.955%
€05 | IR Cloud Validation GPS: 1176949368 | IR Cloud Validation GPS: 2017-04-23 02:22:30 | diff(desired GPS- validation GPS): 150 | Binary Cloud Percentage: 27.045%
€O 6 | IR Cloud Validation GPS: 1176949368 | IR Cloud Validation GPS: 2017-04-23 02:22:30 | diff(desired GPS- validation GPS): 150 | Binary Cloud Percentage: 11.364%
HE 1| IR Cloud Validation GPS: -1.0 | IR Cloud Validation GPS: N/A | diff(desired GPS- validation GPS): N/A | Binary Cloud Percentage: 0.000%
HE 2 | IR Cloud Validation GPS: -1.0 | IR Cloud Validation GPS: N/A | diff(desired GPS- validation GPS): N/A | Binary Cloud Percentage: 0.000%
HE 3 | IR Cloud Validation GPS: -1.0 | IR Cloud Validation GPS: N/A | diff(desired GPS- validation GPS): N/A | Binary Cloud Percentage: 0.000%

42.955%
4.773%

validation GPS):
validation GPS):

150 | Binary Cloud Percentage:
150 | Binary Cloud Percentage:

Picture every 5 min

B. Keilhauer
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Comparison of Cloud images from NSB with IR camera data

NSB approach IR cloud cameras
= Every 30 sec = Every 5 min
= Binary result: 0 = clear, = Cloud index range between
1 = cloudy 0 (0%-10% cloudy) to
5 (90%-100% cloudy),
-1 (no data)

For comparison, adjust cloud camera index:
Clear (0.0), if 0 <IR_Cloud Index < 3
Binary IR _Cloud_Index = { Cloudy (1.0). clse if 3 < IR_ Cloud_ Index < 5
N/A (-1.0),  eclse if IR_Cloud Index = —1

. PIERRE
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Apply thresholds derived from 2017 data to 2018 NSB data

Cloud plot with imaging processing from NSB

Photon flux at one telescope for a given time Proc . i
JeSitn e or 22 uausmst | Sesnes wres svsoaes pe ! , o glvenme 10087 vesie, data for the telescope and time 187
301 30
1.0 (Cloudy)
25 5 25
0§
%20 ~ 520! 2
3 | S s H
g“ \E g]s 0.0 (Clear) é
3 5 & Z
10 a E 10
¥
&
5 o 5 1.0 (NA)
-125 -100 ~75 ~50 -25 0 25 50 -125 -100 ~75 -50 -25 0 25 50
Azimuth (deg) Azimuth (deg)
Cloud plot from IR cloud camera data for the o
¢ telescope and time e o1 e e 201
)esnred‘\.. e AAVEV I U | MR IT Y VI AV AV VA AT Vs | AN ST i Av-}‘d? Desired GPS: 1202878457 | Desired 2018-02-17 04:53:59 | Desired Sidereal Time: 10.087
30 .0 (90-100% Cloudy) 304
| ) w0 agree
25 ‘; 4.0 (70.90% Clouay) 25
520 3.0 (50-70% Clowdy) 520 3
3 s ‘
g 1% 2.0 (30-50% Clowdy) g g 1 0.0t disagree
2 € 3 .
W 10(10-30% Clowdy) W 2
10 10
i NN
T i YWY T 0.0 {0-10% Cloway)
s NI i 51 no data
1.0 (NFAY, Cloudy)
0L = 0
Azimuth (deg) |
14 July 2024 AtmoHEAD 2024 B. Keilhauer
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Apply thresholds derived from 2017 data to 2018 NSB data

Agreement percent histogramm Agreement percent histogramm
NSB cloud toleraiice iaciui. 1.uu | prucessuy paraimeters: (0.61, 0.67) NSB cloud toierarice 1aciui: L.uu | prucessing parameters: (0.61, 0.67)
300( - o1 | N,: 472 | 1,: 87.94% | 0,: 17.53% — L0 COL1|N,: 47 | py: 86.77% | 0y 14.74%
CO 2 | Ny: 476 | 11y 86.74% | 0,: 19.38% 17.5 CO 2 | Ny: 49 | j1y: 83.15% | 0,: 7.96% L
2500 ¢ CO 3| N 527 |y 79.17% | 0, 26.99% | {7 CO3| Ny 45|y 75.46% | 0y 9.84%
CO 4 | N: 444 | p,: 87.52% | 0,: 18.06% 15.0 CO 4 | Ny: 49 | uy: 67.20% | 0y: 13.04%
2001 ©°7 CO5|N,: 457 | uy: 88.17% | 0,: 18.22% ‘ 12.5| ©71 COS|Ny:49 | p,: 70.57% | 0, 11.88%
70 CO6 | Ny: 438 | uy: 90.74% | 0,: 15.37% ‘ | T CO6 | N 48|y 77.84% | 0y 9.81%
150 10.0
7.5
100
5.0 ah
50 2.5 ety |- T
P Tt I S S s o 1 0.0 CTTTTTTE T TR R T
0 20 40 60 100 0 20 40 60 80 100
Agreement % Agreement %
Data period 6 hours on
Data period February 2018 20 February 2018 with

partially cloudy conditions

. PIERRE
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Next steps

Work in progress

= |Improve threshold determination
= Evaluate the tolerance factor
= Determine the threshold for all telescopes and relevant sidereal times

= Apply this procedure to further periods and telescopes to compare with
results from IR cloud cameras

= Apply this procedure to periods when no IR cloud camera data are available

. PIERRE
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Outline of presentation

= Substitution of Cloud Cameras by Night-Sky Background data from the Fluorescence
Detector

= New setup for E-field measurements and its Application to the AugerPrime Radio

= Recent developments for the Cloud Cuts to Fluorescence Detector data

. PIERRE
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New E-Field Mills at the Pierre Auger Observatory Max Biisken, KIT Karlsruhe

PhD thesis by I

= Radio detection of UHECRs maturing at the
Pierre Auger Observatory

— since 2011: AERA
(Auger Engineering Radio Array)

[M. Biisken for the Pierre Auger Collaboration,
2022 J. Phys.: Conf. Ser. 2398 012004]

L}
e e BRGT ST AtmoHEAD

A new network of electric field mills at the Pierre

— deployment to be finished in 2024:
AugerPrime Radio Detector (RD)

— Measuring 30-80 MHz emission
from el.-mag. air-shower component .

thunderstorm
no data
data

%
—
4 % x

= Radio signals get heavily altered by E-fields

during thunderstorms (TS) —————

= Need to expand existing E-field
monitoring for AERA to larger scale for RD

— Plan presented at AtmoHEAD 2022

1017 1018 1010
\ = /

. PIERRE
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5 New E-Field Mill Stations

BATATA / "guanaCO"
‘ —_———,

v%mu R

Deployed in Aug &Nov 2022

July 2024 : BT Ty B. Keilhauer  AUGER
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Design of the E-Field Mill Stations

= Same design for all stations

— Robust for 10+ years operation

« 1 Hz sampling rate

rel. humidity, system status

Commercial CS110 sensor

« Records E-field, temperature,

in the pampa

— Meet requirement for absolute

5 GHz WiFi link

Solar power

<

Sturdy steel-tripo Grounding rod

20 July 2024 AtmoHEAD 2024

calibration of E-field measurement

e 2 meter mounting height

e No large vegetation

o No buildings / objects nearby

= Systematic uncertainty of recorded

E-fields estimated at 6.5 %

Source of uncertainty OF
CS5110 Mparallel_plate calibration 1%
Ciite calibration 4%

Expected range of drift over time 5%
Drift due to growing vegetation ~_2_

Total estimated uncertainty (6.5% )
N———

B. Keilhauer

PIERRE
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. ] AERAWS & CRS:
E-field Data Recorded Until Now two old EFM stations for AERA

not calibrated
= Over 1.5 year of data recorded so far close to BATATA

— Oct-March: high rate of TS

o
—  April-Sep: "TS-quiet" ?j o]

= Full data to be evaluated f ,0 H

= Expecting cosmo-geophysics T s -

------ CRS — LL CLF

use-cases

01/09/2022 01/11/2022 01/01/2023 01/03/2023 01/05/2023 01/07/2023 01/09/2023 01/11/2023 01/01/2024 01/03/2024
Date

= - please contact if interested

——— AERAWS
— CRS
——— BATATA
= LL
- LM
LA
—— CLF

107

= Histogram shows the range of
atmospheric electric fields

Z0t

Counts (dens

— Below 400 V/m for most of the time
» Probably safe for radio signals from air-shower%?_

— Large E-fields are predominantly positive

—20000 — 10000 10000 20000

0
Electric field / V™!

July 2024 AtmoHEAD 2024 B. Keilhauer  AUGER
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22

Large-scale TS veto for radio detection

Goal for radio detector:

illustration of possible TS movement

O EFM station

4

Fha B
) |20 —

=

4000
» Construct smart "TS-Veto" - K
.« . . . T 01 — A
Individual TS events give idea £
to track TS movement 2 ol onnoz
. . B ||l AERAWS
partial veto of radio detector 2 -eof — czs
—— BATATA LL
array T —
~1o000f —— LM BATATA
— CLF
71200?6:0() 17:00 18:00 19:00 20:00 21:00
. . . ’ﬁme
One idea: Split array into _ 1 _
regions of closest EFM station o—— 2>
veto individual regions __— N
| 3202 1 1 ‘, ;-m.
; l
color = E-field strength
AtmoHEAD 2024

[ T T
“

, PIERRE
B. Keilhauer  AUGER
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Outline of presentation

= Substitution of Cloud Cameras by Night-Sky Background data from the Fluorescence
Detector

= New setup for E-field measurements and its Application to the AugerPrime Radio

= Recent developments for the Cloud Cuts to Fluorescence Detector data

. PIERRE
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Lidar data at the Auger Observatory

FD Loma Amarilla

Original plan to operate a lidar at each FD station IR (I.:,igr‘?lrera
Weather Station GDAS
FD Coihueco & HEAT Grid Point
= Reanalysis of all lidar data recorded 2007 - 2022 picar, APF X
— At LL 2007 to mid 2015 Heer
— At LM 2007 to March 2010, and few periods o
in 2011-2013

B DA

— At LA Aprll 2008 to 2022 \ \ eXtreme Las.er Facility

— At CO 2007 to 2022

. L4 -
— With almost no data for 2017 at LA and CO Balloon """ Central Laser Facility
. . Launching Raman Lidar
— CO had also hardware failures for long periods  Station Weather Station FD Los Morados
) Lidar, APF
in 2014 and 2016 IR Camera
. Weather Station
Malargiie
= Average lidar data taking compared with FD data FD Los Leones
o5 700 0 Lidar, HAM, FRAM __ 10km
taklng. 70% - 80% IR Camera -
Weather Station
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Lidar data at the Auger Observatory

Original plan to operate a lidar at each FD station
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>
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Lidar data at the Auger Observatory

Scan procedure and cloud detection | |
Nonh RCLS Cloud Mask
3 g
-l
| . =
w -* » <
" S
South h
Lidar Scans R DR ST T A= e B
In lidar database per 1 hour

(] FD Field of View = Cloud coverage
* Discrete Scans .
= Cloud base height

Continuous Scans
s+ Horizontal/CLF Scan * Cloud optical depth
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Cloud Coverage

#Lidar Profiles with Clouds

COV =
#T otal Lidar Profiles of the Scan

Site | Tot. Meas. Hours | COV < 0.1 (COV=0) | 0.1 < COV <09 | COV >0.9
LL 11256 43 Yo (42 Yo) 14 % 43 Yo
LM 5174 48 Yo (46 Yo) 15 % 37 %
LA 16293 53 % (51 %) 18 %o 29 Y%
CO 17180 52 Y% (51 %) 17 % 31 %

= Assuming 20% - 30% of FD data taking with NO lidar DAQ
= About half of the missing lidar data are due to bad weather conditions
= Then low cloud coverage almost equal to highest cloud coverage

27 July 2024 AtmoHEAD 2024

. PIERRE
B. Keilhauer  AUGER



O/O

Cloud Base Height

Plots only for conditions with clouds, cloud-free periods are excluded
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+ Los Leones
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+ Los Morados

Apr-May-Jun

+ Los Leones
+ Los Morados |
—+— Loma Amarilla
Coihueco
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Homogeneity between FD sites

Based on coincident period between the two respective sites and on cloud coverage

July 2024

LL | LM | LA | CO
LL | X [28%[23% [ 24% | o oo
LM | 36% | X |22% |23 % ,
LA [34% [38% | X | 199 | onbothsites
CO | 39% | 39% | 44 % | X

COV < 0.1

on both sites

= Under low cloud coverage conditions, CO and LA agree best (nearest sides)

= ...and LA and LL agree least (farest sides)

= Under high cloud coverage conditions, CO behaves special because of

downwind turbulances from the Andes

AtmoHEAD 2024
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Homogeneity between FD sites

Based on coincident period between the two respective sites and on cloud base height

July 2024

LL LM LA CO
LL X | 55% | 55% | 58 %
IM [ 30% | X |30 [ 570 | irrCBH > 5km
CA [28% [ 28% | X | 3500 | ©Onbothsites
CO | 26% | 24 % | 30 % X
L;;:CBH < 5 km
on both sites

If clouds are high, they are typically at more than 1 site
Lower clouds are often more local
Adding up these conditions of agreement, the pair LM-LA are most

homogeneous, while LM-CO is maximal inhomogenious

AtmoHEAD 2024
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Application of lidar DB to CR events detected with FD

Discarding of CR events based on cloud cameras, GOES satellite, lidars, and bistatic lidars

Start

: Y -
(@) h'flax. cllouc:jiractlon Fdlo% ? }‘/EVEM is clear\ﬂ
(from cloud cam or lidar) [weatherFlag = 1) _ %
: —

N/
(b) Clcud:amvfractiun<10%? Y for hlgh'IEVEI analyses,

[meant to be weatherFlag = 2], but is actually weatherFlag = 1 (*)

N only weatherFlag =1 is
@ [comam ot | . accepted

[weatherFlag = 3]

N
v
" Table 7 Y Shower below lowest CBH ? Y
(d) | Bistatic lidar available ? N (from lidar or bistatic lidar) ‘ [weatherFlag = 4]
N N N N
X b
N e) Max. cloud fraction > 10% (f) | GOES cloud fraction > 10%
(from cloud cam or lidar)
[weatherFlag = -2]
[weatherFlag = -1] (*)
(*) currently two

¥y Y Cloud fraction < 25% ? Y
i i (e} N e t
lidar available ? (from lidar) [weatherFlag = 5] cases are no

N* Ni properly separated
) [weatherFlag = 0] ") lweathe,&;g:a] =>work in progress
. PIERRE
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Ongoing studies to evaluate the influence of the
upgraded lidar DB

Check of the frequency of different cuts

= Blue: no lidar data available
Red: with upgraded lidar DB E> 3-1018eV
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Ongoing studies to evaluate the influence of the

upgraded lidar DB
%

= Compare typically E and X_,, of CR events with weatherFlag=1 for
— Old vs new lidar data analysis
— Cloud camera vs lidar data based decisions

= Check particularly new ,survived” CR events which are classified based on
the new lidar DB as ,,below cloud base height”
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Summary

* The Pierre Auger Observatory improves continuously its atmospheric
monitoring for aerosols, clouds, and electric fields

s
* An alternative method for cloud detection has been developed
* A new net of electric field mills has been installed to meef; the
requirements for the new Radio Detector of the AugerPrime upgrade

* The lidar data of all years have been analysed and will be part of the

standard CR reconstruction quality assurance soon
— —




