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STUDY OF THE PLASMAPHERE AT
PRINCESS ELISABETH ANTARCTICA
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http://www.antarcticstation.orq/


http://www.antarcticstation.org/

AWDA Project = Fabien Darrouzet (Royal Belgian Institute for Space Aeronomy)

= Study a sub-region of the Earth’s magnetosphere (the plasmasphere) with another way
than satellites

= Ground-based instrument (cheaper, taster)

s International network of instrument all around the world: AWDA (Automatic Whistler
Detector and Analyzer)

.‘,

2 = Belgian participation (1 instrument in Belgium, since 2010)

» Princess Elisabeth Belgian station in Antarctica : clean electromagnetic environment and
i at medium magnetic latitude to be able to do interesting measurements (70°S)

= Good location -

q-Compact low frequency (~10 kHz) magnetic antenna installed in 2016




AWDA P roject = Fabien Darrouzet (Royal Belgian Institute fo‘r..SpaceAeronomy)
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» Created by lightning's storm/stroke

» Propagate along magnetic field line from 1
hemisphere to another
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AURORAL STUDY AT PRINCESS
ELISABETH ANTARCTICA

http://www.antarcticstation.org/


http://www.antarcticstation.org/

@ Study of auroras

*Auroras are the most spectacular
manifestation of the complex solar wind-
magnetosphere-ionosphere coupling.

* Solar wind forcing creates perturbations in
the Earth’s magnetosphere leading to
acceleration of electrons along the magnetic

field lines towards the ionosphere where they

it and excite atmospheric oxygen atoms and
nitrogen molecules, which produce the blue,
green and red emissions by de-excitation.

» Auroras occur in the so-called auroral ovals, a
belt around the magnetic poles of the Earth,
whose size and latitude extension strongly
depends on solar activity.

From OVATION Auroral Forecast

Polar Symposium 22 September 2022 Space



@ Auroral study at PEA - H..amy (Royal Belgian Institute for Space Aeronomy)
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Space weather research and forecasting

1.Polar regions offer the unique opportunity to measure cosmic rays particle without the effect of
the Earth’s magnetic tield:

a. Neutron monitors operate at the south pole since the 1960s (USA, USSR, Australian stations).
Initially to monitor the solar activity only, now largely used tor space weather monitoring and
applications.

b. These instruments are aging and stations are being closed.

c. Newly installed instruments are either smaller or situated away from the GM poles; the data

and data transfer is not suitable for real-time applications.

Polar Symposium 22 September 2022 Space



: : : 10
Space weather research and forecastlng N Belglum = Danislav Sapundjiev, RMI

1.In the last decade, Belgium has established itself as a space weather hub - concerning research
and forecasting services.
2. Royal Meteorological Institute of Belgium (RMI), under the hood of the STCE project,
participate as data provision and services:
.. Two neutron monitors (operating since 1968 and January 2021)
ii. AMuon Telescope for space weather applications (under construction, expected

December 2023)

3. An important part of this infrastructure is a real-time data from a polar observatory at PEA

including a standard Neutron Monitor for real-time Solar Cosmic Rays observations.

Polar Symposium 22 September 2022 Space



Neutron monitor data - Danislav Sapundjiev, RMI

Forbush Decrease

revised corr_for_efficiency values from 2005-09-11T00:00:00 to 2005-09-12T08:00:00

Ground Level Enhancement (GLE)

revised corr_for_efficiency values from 2021-10-28T14:00:00 to 2021-10-29T01:00:00
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FD 51 from 2005-09-11, data from www.nmdb.eu GLE73 from 2021-10-29. data from www.nmdb.eu

Data from neutron monitors located at the polar region (SOPQO) and at regions with stronger Geo-Magnetic Field

(Dourbes
and Rome). The latter two failed to detect the last GLE from 29 Oct 2021.
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http://nest.nmdb.eu/draw_graph.php?formchk=1&stations%5B%5D=ROME&stations%5B%5D=DRBS&stations%5B%5D=SOPO&tabchoice=revori&dtype=corr_for_efficiency&tresolution=0&yunits=1&anomalous=1&shift=2&date_choice=byforbush&output=plot&ygrid=1&mline=1&thick=1&transp=0&fontsize=1&text_color=222222&background_color=FFFFFF&margin_color=FFFFFF
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Neutrino astronomy: the physics case -

b

AGNSs, SNRs, GRBs... SR

Gamma rays :

They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms,

Neutrinos

They are weak, neutral
particles that point to their
sources and carry information
from deep within their origins.

air shower

’

*

They are charged particles and
are deflected by magnetic fields.

x

Polar Symposium 22 September 2022 Space



N

3 km deep glacier at geographic South Pole
We transtformed 1 km3 of Antarctic ice below 1.5 km into a Cherenkov
detector




2100 DOMs

instrumenting 1 km?3
(1 GT) of clear ice

2 ns time resolution

15
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|ICECUBE | Physics reach

NEUTRINO OBSERVATORY

Multimessenger
Astronomy

Neutrino ; Neutrino . .
Fovmapies Oscillations Sterile Neutrinos
Cosmic Non-standard
Accelerators . l Interactions
Supernova ASTROPHYSICS NEUTRINO PMNS Unitarity
PHYSICS

Gamma Ray EARTH ,

Tomography
DARK FUNDAMENTAL
Space MATTER SYMMETRIES
Weather

Atmospheric
Sciences
Lorentz
Symmetry

S | Axci M | Neutrino I DM Quantum
trangelets OIS iR pole DM Interactions Annihilation Space-time

16
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NEUTRINO OBSERVATORY

Sterile Neutrinos

Non-standard
Interactions

NEUTRINO PMNS Unitarity
PHYSICS

Gamma Ray EARTH .

Tomography

DARK FUNDAMENTAL
Space MATTER SYMMETRIES Atmospheric
Weather Sciences

Lorentz
Symmetry
. Quantum

Polar Symposium S. Toscano




A discovery instrument

2013

lceCube discovers astrophysical neutrinos
with energies greaterthan 10™ eV

2014

lceCube discovers highest energy neutrino to
date, nicknamed Big Bird (2 x10™ eV)

2015

lceCube confirms cosmic neutrino flux with
muon neutrinos traversing Earth, including a
7x10% eV neutrino

lceCube construction completed

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

PHYSIC CERN
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2018

Science papers describe first detected source
of neutrinos—active galaxy TXS 0506+056,
identified in 2017 by first successful
multimessenger campaign

021

lceCube announces the detection of a6.3 PeV
neutrino via the Glashow resonance
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7 NeTes

FROM ABLAZAR

\/ Multimessenger observations
of an astrophysical neutrino
source pp. 115,146, & 147

Detection of a particle shower at the Glashow
resonance with IceCube

The IceCube Collaboration

Nature 591, 220-224 (2021) | Cite this article

15k Accesses | 38 Citations | 514 Altmetric \ Metrics
nbe Collaboration, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S,

LL, Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift/NuSTAR,
5, and VLA/17B-403 teams™{

ARCH ARTICLE

{O ASTROPHYSICS

© A Publisher Correction to this article was published on 31 March 2021

O This article has been updated

Abstract o o o o s
trino emission from the direction

1e blazar TXS 0506+056 prior to
[ceCube-170922A alert

accelerators, natural astrophysical phenomena are expected to produce antineutrinoswith ollaboration*+

The Glashow resonance describes the resonant formation of a W~ boson during the
interaction of a high-energy electron antineutrino with an electron?, peaking at an
antineutrino energy of 6.3 petaelectronvolts (PeV) in the rest frame of the electron. Whereas

this energy scale is out of reach for currently operating and future planned particle
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;,-‘; Belgian contribution f\IVQ fnl‘s [|

NEUTRINO OBSERVATORY |
belspo

Belgium is one of the 4 countries that contributed to the construction of the IceCube detector

Cosmic neutrinos from GeV to TeV Dark matter searches

Dwarf spheroidal Galaxies
Cluster of Galaxies

Galactic Halo

Galactic Center

Local Sources (Sun, Earth)

primary
cosmic ray

electromagnetic

X-rays, component
visible
light,

Jet collides with radio y

ambient medium waves

external shock wave) //, /7 1\
l " =y N Y GeV muons

Gamma rays—, — = _-"—,’// I
Blobs collide ‘ Surage === 4 NI —— 2835 m.a.s.]
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BUILDING A NEW HIGH ENERGY
NEUTRINO DETECTOR IN
GREENLAND (SUMMIT STATION
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2 The Radio Neutrino Observatory in Greenland (RNO-G)

Station design

Cosmic rays, veto, v detection,
more channels for reconstruction

Deep component:
Effective volume neutrinos

Designed to be scalable

— Informs array design lceCube-Gen2

38.500°W
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e '.' ArcticDEM'ﬁ‘urfaceHeightJl'_
Stations g Band1(Gray)

6 Deployed in 2021 . 3,260
0 Fi.lture Station : 3'24?
o f?on-Station Object
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— H
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Credit: Bob Oeyen
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Surface

Deep

forward view

~ Askaryan
“. Radiation

L "'

E-field polarization

Power string

e 7 stations already in ice
| TE Comms

e Solar/Wind powered

22 September 2022
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Journal of Glaciology, Vol. -, No. -, - 1

In situ, broadband measurement of the radio frequency
attenuation length at Summit Station, Greenland

J. A. Aguilar1, P. Allison?, J. ). Beattyz, D. Besson>*, A. Bishops, O. Botner®, S. Bouma’, S. Buitink®,
M. Cataldo’, B. A. Clark®, Z. Curtis-Ginsbergm, A. Connollyz, P. Dasgupta1, S. de Kockere'!, K. D. de
Vries'!, C. Deaconu'®, M. A. DuVernois, C. Glaser®, A. Hallgren6, S. Hallmann'2, J. C. Hanson'3,
B. Hendricks'4, C. Hornhuber?, K. Hughesm, A. Karle®, ). L. Kelley5, l. Kravchenko'?, R. Krebs'4,

R. Lahmann’, U. Latif'!, J. Mammo'>, Z. S. Meyers12’7, K. Michaels'?, K. Mulrey16, A. Nelles'%7,

A. Novikov3, A. Nozdrina3, E. Oberla'?, B. Oeyen”, Y. Pan'® H. Pandyas, . Plaisier’-'2,

N. Punsuebsay'®, L. Pyras'?7, D. Ryckbosch'’, O. Scholten'-1%, D. Seckel'®, M. F. H. Seikh3,

D. Smith*'%, D. Southall'®, J. Torres?, S. Toscano', D. Tosi>, D. J. Van Den Broeck''-8, N. van
Eijndhoven'!, A. G. Viereggm, C. Welling7’12, S. Wissel'420 R, Young3, A. Zink’

Space
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Radio Neutrino Observatory - Greenland

- RNO-G |Belgian contribution fWQ fan

Main fundings coming from IRl program of FWO - N. Van Eijndhoven (VUB)

1. Hardware production

LPDAs

2. Construction, commissioning and calibration

Helper C

- 3. Real time alert system for transients

Science Team - Season 2021 Science Team Season 2022

Power string

P. Dasgupta (ULB) | n\ e




The RADAR ECHO T

ELESCOPE (RET)

Leadership: Belgium / US - K. de Vries (VUB) funded with ERC Starting Grant

the N\

X7 ),

)\gey )

N\

. the N
RADAR ECHO TELESCOPE RADAR ECHO TELESC/OPE

for COSMIC RAYS

Cosmic-Ray
Air Shower #

Surface y
Detectors ~Z &8

IIIIIIIIII

@ wsconsn CAL POLY g ey yyeiinnes
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e
'~ ¥ PennState €1 A 7 KU National

THE UNIVERSITY OF T;
P b AN  KANSAS  University

foer HEITIIRE'S

RET-CR paper: arXiv: 2104.00459

ICRC Contributions 1032,1039,1147,1329
Funded by NSF (NSF/PHY-2012980) and the EU/ERC
HORIZON2020 PROGRAM.

www.radarechotelescope.org
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Antarctica as an

analogue for
manned spaceftlight

: e.g. vacuum, microgravity, e.g. no day/night, monotonous

Environment e : -
radiation, no day/night landscape, constant light or constant
darkness, cold
.. e.g. workload, mission duration, e.g. workload, mission duration,

Mission emergencies, isolation for many months emergencies, isolation for many months

: e.g. noise, confinement, LSS, limited : .

.g. f t, LSS, limited

Habitat ecoLrces e.g. confinemen imited resources

: : : e.g. small crew, restricted communication : ..
Social situation with earth e.g. small crew, restricted communication

See talk on Anthropology and Health



SPACE WEATHER

UNIVERSITE VRIJE

. I
UCLouvain CHENT LIBRE UNIVERSITEIT
UNIVERSITY DE BRUXELLES BRUSSEL

E : X ~— : = " ’ sy = P L LD A
~ SR - . ~ E X i -
o By A Y. . o S Y . : _ - - PRLACRNS TN "t han - - "
—“‘A e VIS ALA Y. Py - M - - - = -y R g TR 'v - 4 3 5 R
pa S b 'h“-, s LY .,.‘ ™= .‘._‘ re J 'L.».,T W ok 3N "7".' s, ) - o ' § ~ o i :
gt T i { W L T G LV S £ YRl ~vyre
T ANy - : .
. - ot P -y - -
- A- >’ ‘”_ - > : g -
R = e - Ny
- 5‘.\'\. a. . .
- L A - .
< a2 - e 52 .
- d - : - % 5 - ‘» = . . N
A e » r-.'..‘ -._ . - & \ ._ ‘l .
’F e ' % ." ) : .
T P - . T » -
p - - -_ AN § - - - T - - > —° o L < L - = F ~
B o A e N N PN TS S s T o R TN T TN N, Bog N1 Ay 2 T RS S S T T g t o -
v N s s e e T A L B R e o e T e L B PG AR, ok
AT - 4 . - 'g. - ~ A, 'o). . S > 2] - - - . L ‘s S8t - .
.. - r - . \.” " " < - . . ‘~‘; il e - "5 AL S~ ‘. - oy v ‘ '." . ~ - T
- ’ ” - ‘a . ot > - . - » - - O s % . ‘~' : — -~ ~ = ~0'
- 4 - 2 a™ - L3 \ > e\ -y —.. : e

o . . n‘ - -‘ _ - : » > 4 : 9 '..‘i\ . . ~ ‘\' ‘ =N ; — " .. JINT Y TS v/ £ P 3
- s - Y B 2 A > - L . - L el * . ) -4 3 4 J »
_’: I ,._ e 9 :". -".-" . _-.4" s i “‘J): S o e i‘\ _ ."* A 4 \ :
5 o AR TS AR R SN T N T R 0 SaR A 1Py f' Myt N/ L o . " "
,‘— » < > - ’ - A% » ').X’ e J\V i . R N "“- = d A AN '1 A A X Av - g = - e~ " g BNy = 2 =
- “' . . . .- ¢ " Vi . ‘. "f - "°-"’-' 5 "» et - B > : - - - - ~ - - - =
" » : L : . : b Y .7‘ ‘}l~ - - .' _ i"\."' "J\ .'Q : — - 3 g S “_4 - - L — Pt ¢ - . e
Tum = =

N __ —
o 2 e e T Wy < . D P - 1 N A e T o
Py R e TR Ay ) S e e Al R
; o v sl Sy | . S . e .

— | = v " » - =

CD
=
T
o !
-
 w—
rtil
o
rri
cH
—
o
-
!“’4'
0N

|
T
rc .‘ ' . e -
l . . g S et N D e e B RS ‘ -y : N N L Seasme
. ar N p .”*. ~N ’ A o7 4 - " o) ’ - » ; N L ‘\ - ! . .“‘ . - . a 3 - - Tl



~

s

vy

.Choksh

.

man

PT/A

S

Cred

L

.

.

’



