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C Recommendations from AAA == SCAR and Antarctic community

C PNRA activities:
- Deep Universe observations;
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- “lonosphere and Space Weather.
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“"Antarctica: a SpeCiaI place for sky observations




Astronomy/Astrophysics/Atmosphere

Antarctica: a special place for sky observations
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Atmospheric transparency in Infrared and at Microwaves. Dome C is a high altitude,
dry site with stable atmosphere and high transparency. Here we can observe In
windows prohibited in other sites;

Stability of environmental conditions and a minimal electromagnetic pollution in
optical and microwave bands allows to enhance the sensitivity ;

Polar sites are allowed to observe continuously the same region of the sky or the
same

- The magnetic south pole , locatedin Antarctica, allows the low energy = Cosmic Ray

components to penetrate down in the magnetosphere. In Antarctica it is therefore
possible to study the interaction of these energetic particles with the

.C_magnetosphere itself, with the ionosphere and with the atmosphere .

f’"’i?o,lar"sites are the best sites to study and monitor the Space Weather conditions.



SCAR Astronomy & Astrophysics

from Antarctica _

The objectives of Astronomy & Astrophysics from Antarctica are to
coordinate astronomical activities in Antarctica in a way that ensures the best
possible outcomes from international investment in Antarctic Astronomy. and
maximizes the opportunities for productive. interaction with other disciplines.

AAA aims to deliver:

0 Quantitative assessments of the  potential of each Antarctic plateau
station to contribute to astronomy,

0 AAdvances,in the understandigg of Antarctic meteorology , as it applies to
astronomical observations,

+» 0 Impraved coordination with atmospheric and ionospheric researchers
@3 O Pfoperly archived data sets of site - testing data



SCAR Astronomy & Astrophysics from Antarctica
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Recommendations from AAA - SCAR

D

Science goals
AOptical and Infrared Astronomy A Fi r st L Umgvhrse Ai nS t tétbpllations A
The Galaxy and Galactic Ecology AEXo- planets

ATerahertz and Sub - millimetre Astronomy AFormation of Molecular C| o u @riginsA
of Stel | &GoalactMswmrs Fodnation Rat e A | nter st el IMagellaride d i u |
Cl ouds A Te mpireashifi sgaldcticremissiom h

ACosmic Microwave Background Radiation A S mszdleltemperature anisotropies AB-
mode Polarization

ANeutrinos AAstrophysical Sources.of Neutrinos ACosmic RaysA Ext enleweon t o
energy Neutrinos' ACosmogenicNeutrinos A Dar k Matt er

ASolar Astronomy ACorona- Chromosphere interface
_AMagnetic fields, MHD or  Alfvén waves
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Recommendations from
2021 Concordia Science Plan

A Scientific background

The Concordia station is a strategic location for Astronofay several reasond.he nearcontinuous winter

night, excellent meteorology, extremely dry conditions and cold temperatures makes it a uniquef@itéthe
confirmation and characterization éadng-period exoplanets in particular habitable ones, and for extremely
sensitive measurements the mm and submillimeter rangeand in particular of th€osmic Microwave

Background Dome C has also proven to be an excellent site for grased observations dhe solar corona

and its dynamics. Observations from Concordia thus ideally complement those from major space missions such
as JWST, ARIEL, LiteBIRD and F¥obhese assets are also important for the search for counterparts of
gravitational wave signals and generddly galactic and extragalactic Astronomoncordia is unique for its
collection of tiny witnesses of the formation of our solar systesne ultra-carbonaceous micrometeorites

GKAOK G6SNB RAAO2USNBR UKSNB YR NP (K2dZAKGO (2 2NJ
Concordia is located near tli&uth geomagnetic poland is therefore a special location for observations of

the large variety of phenomena that are produced by iteraction between the solar wind and the
magnetosphereionosphere systenand in the wider field of th&olargTerrestrial relationship and Space

Weather. Beyond Astronomy, Concordia is also a strategic location for the development of optical

= communications with satellites on Lekdarth polar orbits and the followp of spatial debris.



Recommendations from

2021 Concordia Science Plan

A Scientific perspectives

The Concordia station is unigque for its neaontinuous night during the Southern wintegespecially May to
July),its exceptionally good weatherits low scintillation, its low water vapor content yielding atmospheric
frequency windows not available elsewheyds stable atmospherlc emissignts cold temperatures and
resultinglow sky-background for observations in the infrared, its exceptional see(agjan elevation)its low
average wind Its very southern declinatioprovides access to a part of the sky that is difficult to access from
other mid-latitudes telescopeslt is a remote observing sit@r from electromagnetic disturbancesand is the
site withthe lowest geomagnetic cutoffThis also presents challenges that must be recognizédS & G I G A 2
remoteness implies additional delaysompared to traditional sites anancertainties in the logisticsmore
difficulties to get spare parts, lanited bandwidth for-data transferalimited power supply Among other
things, the low temperatures, large fluctuations of this temperature, low relative humidity and high rate of
cosmic rays imply that glitches in electronics and detectors are frequent, requiring spare parts and regular
maintenance.

The Concordia station, built in 2005, at an elevation of 3233m, offers conditions that are much better than at
the South pole and almost as good as those at Dome A in terms of weather, water vapor content and sky
background. At the same time, it has the considerable advantage of being manned all year long, with the
possibility to deliver heavy loads by traverse from Duntor®® ;| NJJA f £ S



Recommendations from

2021 Concordia Science Plan

A Scientific perspectives

Scientifically, the prospects for cuttingdge Astronomy at Concordia are highhe overlap with the

continuous viewing zones of JWST, Ariel almost guarantees a high scientific return of an astronomical
observatory there. The Iomemperature and low water content make the site ideal for infrared astronomy, and
recent progress on these detectors imply that relatively affordable and sensitive cameras can be used.

In the field of Cosmologydue to the excellent properties of the atmosphere, Concordia can be successfully
used looking for aspects which are nget investigated or pushing observations to higher frequency. Actual
limitations of logistics advise against the installation of a large telescope facilityerefore pbservations

aimed at a moderate angular resolution are preferable

In the field of solar physicghe Antarctic CoronagrapltAntarctiCoj has already been deployed at Concordia
during the last Summer Expeditions and will operate during the next summer camplaigaschet al., 2019).

The daytime sky brightness at Dome C makes of Concordia a unigue site for ground observations of the solar
corona. Asolar monitor at microwavesusing facilities already esite, has been also proposed. These
observations need lorterm continuous monitoring for mapping the brightness temperature of the-free

radio emission in the centimeter and millimeter range to characterize the vertical structure and physical
parameters.-of the solar atmosphere.



Recommendations from

ZOCcordia Science Plan

A Scientific perspectives

Concordia is a unique site to implement a cosmic ray observatdiieutron Monitor counterand a Neutron
Spectrometer will serve as a monitor for solar activity, by detecting neutrons generated by cosmic rays
propagating in the atmospherd&Jgoskiret al., 2015)0Other detectors can be added for direct monitoring of

the atmospheric shower induced by Cosmic Rays and for measuring cosmic ray induced radiation doses and
their correlations with the Solar Cycle and the geomagnetic dipole field variatiddsveral longerm activities

are already in operation. One of the major activities in this field, which will still operate in the next years, is
represented bypome C East (DCE) and Dome C North (DCN) remated nearby the base and in operation
since 2013 and 2019, respectively (Piersanti et al., 2017). DCE and DCN are HF coherent radars-and are part o
the international progranSuper Dual Auroral Radar Netwarfor the continuous observation of the

lonospheric plasma convection at rMatitudes, in the auroral zones and in the polar caps. DCE and DCN, with
their paired radars at McMurdo and Zhongshan contribute significantly to complete the coverage of
SuperDARMM the Southern Hemisphere. Besides having a crucial importance for the investigation of
fundamental science questions in their respective environmehtspbservations of the solar corona, the
continuous monitoring of cosmic rays modulation and the constant measurement of high latitude

lonospheric conditions, are all extremely relevant in the study of Space Weatkee also paragraph 4.2) and

in the understanding of the complex chain of events, from the Sun to the Earth, that can severely impact our
technologically advanced society and even endanger human health.



Recommendations from

ZOCcordia Science Plan

A Logistic requirements

Operating astronomical instruments at Concordia requaesliable internet connectionboth to operate

instruments and download data. Before 2016, telescopes at Concordia had to be operated on site by dedicated
winterover astronomers, with most of the data archived to be analyzed one year later. Since then, the near
permanent internet connection allows to fully control and operate the instruments remotely from Europe and

to transmit processed data for analysis and publication. This opensa$sibility to develop robotic

instruments, limiting interventions by winterover personnel to routine and maintenance operations

However, the need for reliability requires separating the internet bandwidth between that available to the
instruments and that for-the life on the base. Ensuring the reliability of the connection should be the utmost
priority. A foreseen increase of remote operations will also require an increase of the bandwidth above the
present 512kb/s, all yedong.

Even without seeking exceptionsgeings most ambitious astronomical observatories will sézkscape at
least a fraction of the boundary layefThisimplies putting telescopes on stable towerso elevations
between 10 and 30 metersSolutions exist but must be implemented.

Finally, the main logistic neddr the CMB experimentike COSMO is thalectric power to run thecryo
generators Instruments generallgequire at least 10 kWbf power continuously during the measurements,

~__ which will.cover at least 4 months every year and allow for heating of the container and cryogenic operations.



Recent, On - going, Future Activities

AObserving the far Universe: COSMO
AGalactic/extragalactic observations: ITM

ASolar coronagraphic observations: ESCAPE
ASolar microwave observations: Solaris

Alonosphere, Sun -Earth relations, Space Weather:
--SuperDARN + Auroral.cameras
- ISACCO ionospheric observatories
- International coordination efforts: AGATA, GRAPE
—#7 '/ - Geomagnetic Observatory



PNRA activities: deep universe observations

ACOSMO & COSmic Monolope Observer

A ITM 8 International Telescope Maffei
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Spectral distortions of the CMB

Small departures from a perfect blackbody shape are expec
due to well known as well as exotic physical processes;

AReionization and structure formatio ¢ Zotti et al., 2019

diabatic cooling of baryons and electrodd(ubaand Sunyaey
2012

Damping of small scale acoustic modesnflationary power

spectra Chlubaet al., 201}

Cosmological recombination radiationbrovich 1975 Sunyaev
and Chluba2008

Decaying and annihilating particlelscharya andharti2019
X YR YlIyé Y2NB

Current upper limits for the comptonization parameter
and for the chemical potentialnare still close to the ones
from COBE/FIRAS :



https://iopscience.iop.org/article/10.1088/1475-7516/2016/03/047
https://academic.oup.com/mnras/article/419/2/1294/988970?login=false
https://academic.oup.com/mnras/article/425/2/1129/1188684?login=false
https://ui.adsabs.harvard.edu/abs/1975SvAL....1..196D/abstract
https://ui.adsabs.harvard.edu/abs/1975SvAL....1..196D/abstract
https://ui.adsabs.harvard.edu/abs/2009AN....330..657S/abstract
https://ui.adsabs.harvard.edu/abs/2009AN....330..657S/abstract
https://ui.adsabs.harvard.edu/abs/2009AN....330..657S/abstract
https://ui.adsabs.harvard.edu/abs/2009AN....330..657S/abstract
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.043520

COSMO in autshell

A COSMGQs a pathfinderexperiment groundbasedin the

first implementation balloorrbornein its second step.
A AcryogenidDifferential Fourier TransformSpectromete

A Operationfrom the Concordia Frenehlalianbase in
Dome-C, AntarcticaAverage PVW of 210um, F60C,
stable weather in the winter seasomrémblinet al. A&A,
2011). Atmospheric emission strongly reduoced mid
latitude sites.

A High transmission band$25-175 GHZySBx0) and200-
285 GHZ4ySD»0)-5 GHzesolution.

A Uses fast detectors (multhode KIDst, =60ns) so that
fast skydipsare continuously performed to measure and
reject atmospheric emission and its slow fluctuations.

A The FTS is cryogenically cooled @3K;
A The reference blackbody can be tuned to-2.K;

A A continuous andast (few secondsinterferogram scan
is achieved via a voiemil actuator.

A Severall0°x1° sky patches are observed witl

resolution, in the Southern sky and with varying levels of

~ galactic signals.

Adn 100 days of integratiorin the Antarctic winter, they
- SDcan be detected abs.
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COSMQTop Level Schedule

A We are currently near the end of the subsystems fabrlcatlon phase
A In the current schedule the first Antarctic winte

Task Name 2020 2021 2022 2023 2024 2025 2026
Q1 Q2/Q3/Q4/Q1/Q2/Q3/Q4 Q1/Q2/Q3/Q4/Q1/Q2/Q3/Q4/Q1/Q2 Q3 Q4 Q1/Q2 Q3 Q4 Q1/Q2 Q3| Q4

KO 11/20
PDR « 11/4
CDR « 3110
Y1 Report + 12/3
Y2 Report « 1213
Y3 Report + 12/2
QR
Acceptance Review « 3/28
General Design
Subsystem Design
General Design Update
Fabrication
»».  Assembly
" Integration

Verification

Test Campaign

Packing & Shipment

Installation in Dome C

Flrst observation campa|gn

©
no
L -




ITM observatory - International Telescope Maffel

Concordia o Dom C |

Pl: Jean Marc Christille T—

Astronomical Observatory of "31%);

the Autonomous Region of the \\"’, & A\
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Observations: o
Exoplanets Photometry s, ~ SOSNBGKAYI A& a3

to be fed into Indi Server
- Up to 98% of good meteo time

- Totally automatic acquisitions

TOI_4973.01 on UT 2023-06-29 14:18:38.186
ITM@Dome C (755-123E) ( R, aper. radius=6 px - 4.1",exp.time=60s)
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- very‘good quality photometry

- automatic photometric pipeline
in Dome C

- only ASCII data exchanged
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shal Telescope Maffei, ITM, Dome C, PI: Jean Marc Christille, PhD



Configuration: RC
New Telescope focal length: 9600 mm
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PNRA activities: solar observations

AESCAPEGS Extreme Solar Coronagraphy Antarctic Program
Experiment

A SOLARIS -_.a smart Solar imaging system at high radio
frequency for continuous Solar monitoring and Space
Weather applications



ESCAPEitreme SolaCoronagraphyAntarctic Program Experiment

Pl. Silvano FlnescrExpedltlonLeader Gerard€CapobiancqINAFAstrophysicalObservatoryof Torino)

Y w o—— § Project PNRA: 2015/AC3.6ampletedon June 2023
Mappingthe plasma Slte B B
(Glectans pife ~ Cha yracterization [Lfn%?gtgtgﬁg’ - .
inner solar corona R SN .
& . '~eh\?; D?er\?ve Gl teasibilityof use of SpaceDemonstrator
A E. thp’fl = innovativemicropolarizer Validate the optical design of
_.,ebarrv to = arraycamerador scientific the ASPIIC&ronagraphon
\ oaleo alorL?/ \ purposes & board the ESA®ROBA3

\_ mission faunch2024) /




ESCAPEteme SolaCoronagraphyAntarctic Program Experiment

Pl. Silvano FineschiExpeditionLeader: Gerardd&apobiancINAFAstrophysicalObservatoryof Torino)
OE—— n— ' e i

ESCAPE inratshell 23/01/2020 Thequiet solar corona

4: Antarcticacampaigns
1: Partialeclipseobservedfrom Antarctica
2. PhDstudents
5 (+2): Scientific Papers
1.E6 (solar dislorightness: Theskybrightnessof Dome (
2.E+5 (MB): The data volume of theampaigns
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ESCAPEitreme SolaCoronagraphyAntarctic Program Experiment

Pl. Silvano FineschExpeditionLeader: Gerard&CapobiancqINAFAstrophysicalObservatoryof Torino)

Zoen|maelie (C -C) | b9 . ¢K
Improvementsfrom lessondearned

Theverylow skybrightnesdevelof Dome Guggesthe possibilityto try to increasethe
sighalat the externalFoVby includingan externalocculter(to be usedonly with slow
wind)

The use of @olarimeterbasedon liquid crystalsdevicewill increasethe polarization
contrastand providemeasurement®f the electrondensitywith higheraccuracy

Theobjectivelenscleanlinesss crucialfor stray-light control. The use of a floench
—+ shouldhelp toperformthe cleaningoperationin a «lean»> environment



Solaris observatory

Solaris a smart Solar imaging system at high radio frequency for
SO0ialls continuous Solar monitoring and Space Weather applications

A 4
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Z g,}’ 7 _ Anew permanent observatory in Antarctica Astronomico di Cagliari
o https://sites.google.com/inaf.it/solaris




Solaris observatory

A Solaris is a scientific and technological project
aimed at the development of a smart Solar
monitoring system at high radio
frequencies based on single-dish imaging
techniques.

A It combines the implementation of a dedicated
and interchangeable 100 GHz receiver on
existing small single-dish radio telescope

systems (2.6m class), to be adapted for Solar ' |

observations: OASI (MZS) and COCHISE -~ N
(Concordia). RN

A Solaris can perform continuous Solar

Imaging observations nearly 20h/day
A q,ﬂrmg Antarctlc summer, and it will be the




Solaris observatory

Solaris is a heritage of the project SunDish (Single-Dish Solar Imaging with INAF Radio Telescopes):
Solar imaging & spectropolarimetry, 18-26 GHz (up to 100 GHz), 32m/64m antenna
(https://sites.google.com/inaf.it/sundish)

Solaris extends the observations at a

higher frequency, with perspectives of:

A Characterisation of the flux density of
the active regions and coronal holes
and their spectral properties and
evolution. i : 22 i 240 M
Space Weather applications:
Significant spectral variations of solar 71.48 MHz 6171 MHz 46.28 MHz 24.60 MHz
active regions could be an important
factor in predicting powerful flares and
coronal mass ejections

LOFAR images: Peijin Zhang and SSW-KSP team




Solaris observatory

Main Scientific Goals & Applications:

A Unprecedented continuous solar monitoring at high radio
frequency in optimal observing conditions (sky opacity &
visibility).

A Constraining purely non-thermal emissions in the Quiet Sun
and Active Regions components.

A Active Regions flux and spectral variability monitoring.

A Solar Flares detection and observations.

A Study of Flare precursors (Space Weather Forecast).

A Trigger for high-resolution follow-ups with other facility
_ s« 1ncl udi-inmgo Awiotom SRT 64 m)
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PNRA activities: lonosphere, Sun
relations, Space Weather

AObservatories :
- SuperDARN + Auroral cameras
- ISACCO Ionospheric observatories
- Geomagnetic Observatory

Alnternational coordination efforts
- AGATA, GRAPE



Antarctica: avindow in the magnetosphereand

interplanetarymedium
Scientific Objectiveto study the plasma processes -~ /

occurring in the neakarth space:

A fundamental plasma processes
A potentially affecting human activitiesvery relevant for
Space Weather

. 2=
.
ﬁ Science Themes in more detalil
e X . A Solar Wind; Magnetosphere; lonosphere
Interaction.
A lonosphericConvection Dynamics
A Inter-hemispheric conjugacy @dnospheric
ol phenomena
! A lonospheridrregularities and plasma structures (e. g. polar cap pat
" A MHD, ULF, Magnetic Field Line Resonances.

A Gravity waves, mesospheric winds, planetary waves




Instrumentation and international framework

ThecomplexMagnetospherelonospheresystemprocessesan be studied by
measuring/observingon ground magnetic field variations, ionospheric
parameters,auroral displays

Such observations are usually performed in the framework of large
internationalcollaborationandare greatlyrelevantfor SpaceWeather.

Fromt Assessmentand recommendationsfor a consolidated European
approachto spaceweather ¢ as part of a global spaceweather effort by
Opgenoorthet al., J SpacéNeatherSpaceClim 2019

X. support the maintenance, modernisation and future. augmentation of
groundbasedinstrumentnetworksfor spaceweather purposesto supportthe
spaceassetdor SWxobservations

Present groundbased instrument networks comprise Magnetometer

networks* and coordination through SuperMAG coherent scatter radar

systemsSuperDARKN GNSSeceivers, lonosondes Incoherentscatterradars
_ like'EISCABD, solarradio-observations, LOFARGONGNMDB, etc.

f“ S Instrumentatlonalreadypresentor to beinstalledin DomeC
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TheDome C Eastnd Dome C NortiHFionosphericadars

of the Super DualuroralRadar Network (Os$4)

A phaseadarray of 16 antennaegivesover 10

Ahe power of the backscattereaignal
Ahe width of the Dopplerpower spectrum

Ahe line-of-sight componentof the Fregion plasmadrift
velocity,

At 1 minute time resolution

With pair of radars observingthe same area the full two-
dimensional horizontal velocity vector of the ionospheric
plasmaconvectioncanbe calculated

DCEand DCNare operated under the responsibilityof INAF
IAPS TeamcomprisesSCNRand INGV
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TheDome C Eastnd Dome C NortiHFionosphericadars
of the Super DualuroralRadar Network (Os$4)

"f -

BKS ; WAL

40,°W 20°W o° 20°E 40°E 140°W 160°W 180° 160°E 140°E

- -:-f"DCEand DCNare part of the international SuperDual Auroral RadarNetwork (SuperDARNbdhat consistsof more
-~ than 30 low-power HF radarsand continuouslymeasuresionosphericconvectionin the southernand northern
- mid/high latitudesandpolar caps



Possiblenew geospacenstrumentationin Dome C

2015-10-10T10:50, South, F16, Orbit: 61799

Installationof two all-sky camerain Dumontd'Urville and 12 LT

Concordia
Thetwo cameraswill completea network to monitor the

whole auroral activity in Antarctica

1T 90

Scientific objective better understand the solar wind- iy
magnetospherecoupling,to ultimately model the auroral T
oval (e.g. improve the state-of-the-art OVATIONNnodel of SSUSI DMS#servations

: Kullenand Caihttps://doi.org/10.1029/2022JA03098"
auroraloval and/or contribute to anew model)and study e e e e
transpolararcs,alsoknownastheta auroras

, Proposalto IPEVby IRAPcolleaguesan collaborationwith
= «’_Japan: Italian participation INAFand INGV



https://doi.org/10.1029/2022JA030987

Observatoryof HighAtmospherePhysicsin
Antarctica (ISACCO)
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CONCORDIA STATION - DOME C
PLATEAU ANTAI

Ly . .
T, NG T
/ T kst | A Monitoring of the upper polar atmosphere in
=== 0/ eS| Antarctica (MZS, Concordia) and in the Arctic
e ot LR A Study of the climatology and dynamics of
A ARG ionospheric scintillations in polar areas
demlemsl | A Development of high-latitude ionospheric parameter

prediction algorithms and tools

A Development of algorithms for ionospheric error
correction on GNSS systems
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https://antarcticdatacenter.ingv.it/
http://www.eswua.ingv.it/

International coordination effort:

the SCAR Program Planning Group AGATA
AntarcticGeospacend Atmospheré

Takingadvantageof existingand plannedinstrumentationin Antarctica, @g sclentific Committee.

in the Arctic and spacecraftobservations AGATA a SCARProgramme = s
PlanningGroup, aims for a coordinated, worldwide effort to monitor, '@J AGATA ioseHiere ReseartH
Investigate and better understandthe physicsof the polar atmosphere
andthe impactof the SunrEarthinteractionson the polar regions
(https://www.scar.org/sciencefagata/home/)
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Inside the international polar context
italian community is also involved in
GRAPENd other SCAR coordination
efforts.

. SCAR 1 SCADM

Standlng Committee on
Agtarctlc Data Management

GRAPE Read More Read More
a D b Résearctand
Application forPolar
OYVBANRYYSYE



https://www.scar.org/science/agata/home/

ITALIAN GEOMAGNETIC PERMANENT OBSERVATORIES FOR SOLID EARTH AND SPACE
WEATHER STUDIES IN ANTARCTICA (PNRAO000036) Pl: DOMENICO DI MAURO i

domenico.dimauro@ingv.it

A Observations of the Earth's magnetic field are particularly important in the polar regions due to the
Increased intensity and dynamics of the field. Permanent observatories around the world focus on
these observations, nevertheless the Southern Hemisphere, especially the polar areas, is poorly
covered.

A Geomagnetic observatories at Mario Zucchelli Station (TNB) and Concordia Station (DMC) in
Antarctica provide valuable data to fill this gap. With observation periods of almost 30 years for TNB
and 20 years for DMC, these datasets contribute to the study of the geomagnetic field on different

time scales.
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PNRA activities:
state of art




