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Overview
= Detector techniques and their atmospheric dependences
= Instruments for Atmospheric Monitoring

= Interdisciplinary Spin-offs
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Detection Techniques in Astroparticle Physics

Particle detectors at ground (scintillator or water-Cherenkov) Y ——————

Fluorescence telescopes
Gamma ray

Cherenkov telescopes f

Radio antennas 1 AN - :
. e / |

| 0. Blanch Bigas, PhD (2014) |

D.A. Butler, PhD (2020)
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Detection Techniques in Astroparticle Physics

= Particle detectors at ground (scintillator or water-Cherenkov)

IceCube / IceTop
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Detection Techniques in Astroparticle Physics

= Particle detectors at ground (scintillator or water-Cherenkov)

» Measuring secondary particles of extensive air showers at ground level
» Atmospheric conditions vary longitudinal shower development
» P, T, p affect em and muonic component in the signals at ground and the event rate
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Detection Techniques in Astroparticle Physics

= Fluorescence telescopes
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Detection Techniques in Astroparticle Physics

= Fluorescence telescopes

» Measuring fluorescence light induced by extensive air showers in the atmosphere
» Atmospheric conditions vary

» longitudinal shower development
» fluorescence light emission
> light transmission towards telescopes

» clouds in FOV
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number of charged particles

Longitudinal Shower Development

= Fluorescence emission depends on the energy an EAS deposits in the atmosphere
= Seasonal variations can obscure primary particle identification
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Simulated Fe- and p-induced EAS, 10%° eV, 0 = 60°, measured atmospheric profiles at the Auger Observatory
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EPJ WoC 53, 01010 (2013);
Y. Tsunesada et al. ICRC2013

Fluorescence Light Emission
1 + —£2
pair("%ﬂTo)

Yoir(A, p, T') = Yai (3370, po, T9) - 11/ 337(po, To) - - >
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EPJ WoC 53, 01010 (2013);
Y. Tsunesada et al. ICRC2013

Fluorescence Light Emission
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Fluorescence Light Emission

EPJ WoC 53, 01010 (2013);
Y. Tsunesada et al. ICRC2013

1 + - Lo
Py (.T0)

Yoir(A, p, T') = Yai (3370, po, 1) - 11/ 337(po, To) - 1

a) absolute yield value of a reference transmission
b) Wavelengths-dependent spectrum
c) Pressure dependence in dry air
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EPJ WoC 53, 01010 (2013);

Fluorescence Light Emission
; / I+ p;jrg)?sTO)
Yoir(A, p, T') = Yair(3370m, po, T) - 11/ 1337(po, To) - 1 >

a)
b)

C)
d)

12
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absolute yield value of a reference transmission
Wavelengths-dependent spectrum
Pressure dependence in dry air | 1 ( ph) 1 e

Humidity quenching % % I - ? . ;
air air H>O

Bianca Keilhauer June 2024



13

Fluorescence Light Emission

Yoir(A, p, T') = Yai (3370, po, T9) - 11/ 337(po, To) - -

a)
b)
C)
d)
e)

EPJ WoC 53, 01010 (2013);
Y. Tsunesada et al. ICRC2013
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1

absolute yield value of a reference transmission
Wavelengths-dependent spectrum

Pressure dependence in dry air

Humidity quenching

- . H,(T) 7\
Temperature-dependent collisional cross section = | —
H;(Tp) To

a,-exponent of the power law describing the T-dependent collisional cross section
for each A
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Fluorescence Light Emission

A(A4)

EPJ WoC 53, 01010 (2013);
Y. Tsunesada et al. ICRC2013
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Fluorescence Light Emission

fluorescence yield (photons/m)

fluorescence yield (photons/m)
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Light Transmission towards Telescopes

= Fluorescence photons (approx. 300 — 400 nm) are mainly scattered by
air molecules (Rayleigh sc.) and aerosols (Mie sc.)

= Absorption, e.g. by Ozone, plays only a minor role

| Astropart. Phys. 33 (2010) 108 |

F —=1_(h), Malarglle August Model
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Laser shots, 355 nm, at a distance of 26 km from the Fluorescence Telescope
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Light Transmission towards Telescopes

= Lord Rayleigh suffering from aerosols

V. Rizi, presentation at AtmoHEAD 2022

Lord Rayleigh

Lord Rayleigh

Lord Rayleigh

Lord Rayleigh

Lord Rayleigh

Pure ,Rayleigh VAOD
night“ = without ~
aerosols 0.005
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Clouds in FOV

= Clouds obscure (parts of) the longitudinal light profiles
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Detection Techniques in Astroparticle Physics

= Cherenkov telescopes
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Detection Techniques in Astroparticle Physics

= Cherenkov telescopes

» Measuring Cherenkov light induced by gamma rays in the atmosphere
» Atmospheric conditions vary

» longitudinal shower development
» Cherenkov light emission
> light transmission towards telescopes

» clouds in FOV

Bianca Keilhauer
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Longitudinal Shower Development and Feoper T 2O

Cherenkov light emission

= Cherenkov emission depends on the charged particles of an EAS induced by gamma rays
in the atmosphere

1 1
' 2 2 dA
dx 1 (Bn()\)) A

with a refractive index n, dependent on wavelength, p, T, and water vapor
p-[1+p(61.3 —T)-10710]

n—1r = (n—1).- , empirical formulas from different textbooks
(n=1)ry (n =1~ 550952 (14 0.003661 - T)
: D10 Q05090 | _ 2180588 174529
Lair — . - . 5 T
Hair 132274 — X\—2 ' 39.32957 — A2
, 2406030 15997
Cop — 1) 108 = 228221 + 117.8 - A72 ‘. ‘
(nco, = 1) * T TRo A
Npapour — 1) - 105 = 295.235 + 2.6422 - A=2 — 0.03238 - A~ + 0.004028 - A~6
¥
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Longitudinal Shower Development and
Cherenkov light emission

= Atmospheric effects on the Cherenkov emission — simplyfied approach with density
dependence only and without wavelengths dependence
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Longitudinal Shower Development and
Cherenkov light emission

= Cherenkov emission with all dependences

2N Astropart. Phys. 12 (2000) 255 o '
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Light Transmission towards Telescopes

= Cherenkov photons (approx. 300 — 600 nm range at Cherenkov telescopes) are mainly
scattered by air molecules (Rayleigh sc.) and aerosols (Mie sc.)

T T T T T T T I

1 / NI e ~_| Astropart. Phys. 12 (2000) 255 |
= I water e
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<08 pom T -
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e} / aerosol scattering
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@ / total transmission
R /
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= 0 L“ ’ 1 1 1 1 L 1 1 1 1
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Clouds in FOV

= Aim for adaptive scheduling of the telescopes

Clear sky

Clouds at the left half of FOV

M. Will, presentation at AtmoHEAD 2018
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Detection Techniques in Astroparticle Physics

= Radio antennas
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Detection Techniques in Astroparticle Physics

» Radio antennas

» Measuring radio emission by extensive air showers in the atmosphere
» Typical frequency range 30 — 80 MHz
» Atmospheric conditions vary

» Electron-positron separation

g, Deflects e”and e
\ Dominant effect between 10-90 MHz

| B. Hare, presentation at AtmoHEAD 2018
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Detection Techniques in Astroparticle Physics

= Radio antennas

» Polarization pattern of radio signals
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Overview
= Detector techniques and their atmospheric dependences
= Instruments for Atmospheric Monitoring

= Interdisciplinary Spin-offs
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Instruments for Atmospheric Monitoring

molecular atmosphere / aerosols / clouds electric field, [slow control /
state variables (P, T, u = p, X ), Mie scattering lightning safety of
refractive index n, observatory
Rayleigh scattering instruments

weather station X X

meteorological radio

sounding / atmospheric X

models

wind sensor X

electric field mill X X

dust monitor X

elastic lidar X X

bistatic elastic lidar / X X

laser facility

Raman lidar X X X

FRAM X X

photometer X X

cloud camera X

30
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Instruments for Atmospheric Monitoring

molecular aerosols |clouds |electric field |slow control
atmosphere
weather station X X
meteorological radio sounding / y
atmospheric models
wind sensor X
— 30000
E C
=, F il summr
g 25000—_ austral autumn
= r austral winter
'E‘ D 20000 —
£ 14000 i o
@ 15000 —
s F
5 10000/
] E
5000/
% %0 2 20 o '2|u";40
temperature [ C]
. .

e e

v b Lo b Lo Lo Lo Lo Lo [ aay
2 4 6 8 10 12 14 16 18 20 22
water vapor pressure [hPa]
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Local Measurements and Global Models

https://doi.org/10.48550/arXiv.2303.04682

P > 3.5% highly significant seasonal variation for the rate
!q gl a% of high-energy atm. neutrinos is observed for 10%
> variation of T

» Tension with prediction

> Production of atm. v, might not be fully understood

Energy Caps/Flanks

Neutrino rate dN/dt/dlog(X) [1/s] Yearly Split Split Seasonal Split

i T T T T
S\ P IceCiibe 0.51 ! : : :
N} g 1 1 1 1
50 41— Temperature ~T P2 ]
=== Neutrino rate >,/4 - F10 E\ 0.41 D D : D I:I H D : o { : |:| |:| ? : D D
R ~ a4 " RN N - NS NN A O O O, o Y N . _
é A o = i:: ; s =i=ich—iga=iti BN : __F _____ S -
2 30 7~ Ntioo 3 el ! ! !
'% ! "" k300 2 E : : :
T 201 ey S g 0.21 T 1 1 H
,—‘f‘f'—-_ | 1000 2 : : : :
101 \\ : \;:"-\> < 3000 g 0.11 ! 1 1 1
\ z . ® x? Analysis [ Prediction : : :
ol——— - — - 10000 B LLH Analysis 1 1 1
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m
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S8 @ o o o o 0. is strength of the correlation between the atmospheric temperatures

Date °“emperat“re messurement and the measured atmospheric Vv, rates
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Instruments for Atmospheric Monitoring

molecular aerosols |clouds |electric field |slow control
atmosphere
electric field mill X X
_E-field in thunderstorm EAS energy estimate from radio antenna vs. particle det.
12 —
1020 x  thunderstorm
X no data
<+ data
-
g g 10]9
E >
=1 8
j E 5 2
b - (]
- . &
- | 210
4 ? 1017 1018 1019
j SD energy [eV]
8. Hare, presentation at AmoHEAD 2018 | -1ao = e {kg ) =0 L M. Biisken, presentation at AtmoHEAD 2022
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Instruments for Atmospheric Monitoring

molecular aerosols |[clouds |electric field [slow control
atmosphere
elastic lidar X X

Elastic lidar principle
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Light source

\

\

Photoreceiver

R. Mussa, presentation at Arequipa School 2008
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Instruments for Atmospheric Monitoring

molecular aerosols |[clouds |electric field |slow control
atmosphere
elastic lidar X X |
MNRAS 515 (2022) 4520
= ) New Laser 19 New Laser
= Clear night Night with cloud

In ( N(r) (p.e./bin) x r2 (m?) )
3

In ( N(r) (p.e./bin) x 12 (m?) )
3

16 ==
15[ sE= e
14— 14— . ‘
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3

Zenith angle: 22.2°

13

Night with Calima

New Laser

Lidar signals taken at MAGIC in 2019
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Instruments for Atmospheric Monitoring

A&A 673 (2023) A2

13.11.2015 ; Togm: 0.65-0.82 ; Zenith: 5°-35°

molecular aerosols |[clouds |electric field [slow control
atmosphere
elastic lidar X X
13.11.2015 10 13.11.2015

= = =
o o o
E) 2 ™

Range-corrected counts (N -r?)

-
o
0
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Instruments for Atmospheric Monitoring

A&A 673 (2023) A2

01.12.2016; Tokm: 0.5-0.65 ; Zenith: 5°-35°

No lidar corrections
*  With lidar corrections
=== Reference spectrum

10? 10° 104
Energy [GeV]

Spectral energy distribution of concurrent
observation of the Crab Nebula

molecular aerosols |[clouds |electric field [slow control
atmosphere
elastic lidar X X
01.12.2016 10 01.12.2016

1010 10~
< Sos
: 5] S
Z 10° g 7
] o o
= + I
S 0.6 £
% E t —11
£ 107 E 0.4 u‘: 10
S = 8
g 3
&Cu 10° Eu.z

10° 1
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Instruments for Atmospheric Monitoring

molecular aerosols |[clouds
atmosphere

electric field

slow control

bistatic elastic lidar / laser facility X X

Laser facility principle S

A

0 o

A~ g

—

. <

() =

N ]

FD <tlh o
(p2 (p1 y

L. Valore, presentation at AtmoHEAD 2018
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Instruments for Atmospheric Monitoring
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Instruments for Atmospheric Monitoring
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Instruments for Atmospheric Monitoring
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J. Chirinos Diaz, poster at ICRC 2013
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IR camera skymap and cloud mask of each pixel
of a fluorescence telescope
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Instruments for Atmospheric Monitoring

= Most of the observatories operate a set of instruments on site

and apply meteorological data
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IR Camera
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Overview
= Detector techniques and their atmospheric dependences
= Instruments for Atmospheric Monitoring

= Interdisciplinary Spin-offs

Bianca Keilhauer
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Interdisciplinary Spin-offs

= Lightining Mapping
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Interdisciplinary Spin-offs

= Terrestrial Gamma Ray Flashes

>
>

Burst of consecutive TASD triggers

occurred within the first or second
millisecond of a negative cloud-to-
ground flash

Setup a local lightning mapping
array (9 stations)

High-speed video camera
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Interdisciplinary Spin-offs [ art Space 52,7 204 |
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Interdisciplinary Spin-offs

» Measurements of the laser of the AEOLUS satellite

>
>
>

first satellite mission to acquire profiles of Earth’s wind

Optica 11 (2024) 263
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Summary

\J

- Atmospheric monitoring is &

= Many thanks to the ca m MA
IceCube, TA and Pierre Auger Observatory

e —
= ...and the organizers and pa|C|pants of the

AtmoHEAD workshops e
(sTmospheric wOnioring focHigh EnergyAstopaiceBE LY TS PN
Next AtmoHEAD in Ischia,

15-17 July 2024
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