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THE PACKMAN (Particle
Counter K-index Magnetic
Anomaly)
Instrument
Space Weather on Earth

The observations acquired by PACKMAN will be used to provide open access, real time
information, for:

1)
2)
3)

4)
5)

6)

education and public awareness of space weather phenomena;

to compare with Earth climate observations;

to provide real-time information of space weather variability for potential damage to
infrastructures (telecommunications, power generation facilities, aviation, transport, etcetc.);
to monitor natural radiation sources at multiple environments;

to monitor the variability of the Pfotzer maximum height during different stages of solar activity pZ =
and seasons and

This project may serve as a reference for future scalable networks where multiple
instruments are deployed at different sites or conditions and with different initiation
times, and where the informational value increases by adhering to a common PDS4 o |
format and analysing the data in a concurrent way.
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Arctic balloon campaigns to
monitor the variability of space
radiation between 10 km and
40 km height.
Complemented with surface
measurements

at multiple latitudes.
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Atmospheric and surface observations

Atmosphere

* Orbiter based observations are
available on-line, in almost real
time (graphical).

« lonosphere monitoring is available
on-line (graphical)

« There is a lack of measurements

of systematic radiation profiles in
the lower layers of the atmosphere

Surface

Only neutron counters (from
galactic cosmic rays) are available
on-line (graphical).

K-index (geomagnetic variability)
IS monitored as a proxy for solar
activity at multiple latitudes.

It is more complex to have access
to crude data in real time. These

in the Arctic instruments are operated by "y ?ﬁ
scientific institutions. jlf- % g
— L= ‘i b ’g‘-u ..

equivalent instrument on balloon campaign with access on-line to the data.

Compare time-variability sequence from satellite to surface, and weather/climate l
records.
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PACKMAN Locations
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Initial deploymeni:
Through the mitial deployment and testing phase,
PACEMAN has demonstrated its operability at multi-
ple latitudes and atmosphenic heights: q
1. Space campus LTU, Kinma Sweden
(67.84°N, 20 41°E, 390 m)
2. LTU Main campus, Luled, Sweden (65.62°N,
2214°E, 15 m)
3. Boulby Mine, Cleaveland, United Kingdom
(534.56"N, 0.82°W, 93 m and -1.1 km)
4 University of Edinburgh United Kingdom
(55.94°N, 3.19°W, 98 m)
5. Cordoba amport. Cordoba, Spain (37.84°N,
4 84°W, 90 m to 27 km)
6. Esrange Space Center, Kinma Sweden
(67.88°N, 21.12°E, 328 m to 27 km)



Circumpolar long
duration
stratospheric
balloon campaigns

1 week duration
space weather
stratospheric
measurements.

Started from
ESRANGE
(Sweden) operated
by SSC.

HEMERA European
call for
instruments.




User community

Aurora

Ihe Aurora Boreaks (Northern Lights d Aurora Australis (Southem Lights) are the
result of edectrons colliding with Eath's upper atmosphere The electrons are

Global Positioning System (GPS)

Geomagnetic storms can impact the acours

changing the sonogphere, the dectrically P i & mosphere

energzed theough acceleration processes in the dowmwind tad (raghtside) of t
magnetosphere. The accelirated electrons follow the magnetic Sdd of Earth

d recever. The

signal must pass through rom
lonosphere Is the largest source ol ¢

1o the polar regrons where they collide with oxygen and nitrogen atoms and
moleaules in Earthys upper stmosphere. In these collidons, the dectrons nanster
thedr erwrgy 1o the atmosphiece ths ¢ ng ®ie atoms ad molecules 1o bighwr
enerqy states. When they rdax bac owes enerqy states, they release their energy
in the foem of y foens 30

Earth's magnetic fiedd guides th
] ' approdimately centese

Thesei

during geomagneti

e rtoes in excess ol 1

slorms,

resultng in loss of lock on

entirdy. These errors can have ) miles above the ground

L Th auroea Dygs

such that the auroea forms two ovals

at each magne

and timing

L] ' L '
' S & THE COLORS OF THE AURORA
L
N & Deep red from hagh altitude atomic
Ry gen
'

Satellite Operations
There are thousands of satellites in orbit around Earth With=g

oy, natonal defe
tedlitess In many ways.

Magenta from high tude

molecula nitrogen n smlight

% COMIMUNiCations, meteo

tedevision anvd ra
mch more, Space weather can affect thes

Greenlsh yellow from lower altitude

raliation storms Can couse spacecr alt orientation protdems by intes leing ALOMIC axygen

with star trackers and by causing errors o damage in electronic
i
g envieorement for satelites resudting in dam
dectrostatic dsdharge. much Ske toudhing a deo
knob and getting that spark on 4
dry wanter day. Geomagnetic

Magenta from low alticude
s, Geomagretic stoms can avate a hagandous dhang

moleculyr nittogen not iown in

storms also canse heating of the
phere. essentially causng it
1o expand whidch results in mece
drag o sowing down
orbiting satelbte. In o worst case,
e weather Can Couse the
satelite to fail

an

" the s of HF o0 the dayside of
solar radistion storms can "black
Ut e of HE near the poles, Ingacting the
Hrepals abiity 10 stay in touch with the
ound. Impacts to GPS systems can dso
sqnificantly attect drkine operaticrs

Space Operations

Astronauts and thel equipment in space are
parded with charged partide radiation
This radiation causes tisaue or cell damage In

Power Grids

iimans. Space weather and solar radiation
orms are of par tiodar concem lor achivities
outside the protoction of Earth's aem osplre

elic fedd

2%l mag

1 Camise valtage instability of damage

Ay

*kmage wurce; Aurong Sorea



Planet atmosphere and orbit
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. Because of our heritage from the and the REMS
Mars Science Laboratory (NASA) and the HABIT
ExoMars mission (ESA): the PACKMAN data will
have a similar structure as the PDS4 protocol that is
used by NASA/ESA for planeta ation.
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PACKMAN data volume

« Data storage: 132 Kilobytes/Day

« PACKMAN data have 11 columns of measurement that start with a time stamp and
latitude/coordinate/elevation information.

« Every new line corresponds to a new time stamp, with measuring interval of 1 minute in UTC.

« Al PACKMAN nodes provide observations with the same time stamp, and same observation
cadency.

+ 365 days of continuous measurements/year.
«  Scalable network:
— Internal nodes uploading daily.
— External nodes uploading at blocks of 3 months (pre-acceptance required).
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PACKMAN data requirements

Data uploading Data downloading (Science/
Instrument Infrastructures/ Education/
% ( ) Outreach)

n access —“pr
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Open-access pre-authorized data uploading

* Owncloud: Private Owncloud server for third party users
to upload their PACKMAN Data automatically using the
official Owncloud client.

- Metamaterials

- FYT! Meeting September 2016

‘C
ownLged X

‘Usemame or email ‘] PACKMAN

Password
- MINARS

 check new files everyday. ‘-' "‘



Labelling PDS4

» Label creation: Use of MakeLabelsPDSA4 tool created by Dan
Scholes (PDS GeoSciences Node) using Excel to populate the
PDS4 XML fields over XML Templates

A2 - fc | spectralD

A B 5 D E [F G H I J K
1 |s| rum_id file_name create_date lab_name lab_desc instrl_name instrl_id instr2_name  |instr2_id meas1_date

Creation Date | Laboratory Instrument #1 | Instrument #2 | Instrument #2 | Measurement #1 Date

2 Spectra ID File Name (Y¥YY-MM-DD) Name Laboratory Description Instrument #1 Name D Name D (YYYY-MM-DD)
3 spectra_idl spectral.dat 2000-01-02 Lab Name 1 University 1 laboratory Lab 1 Bidi | Refl P bdrs.labl 2000-01-02
4 spectra_id2 spectra2.dat 2001-01-02 Lab Name 2 University 2 lab y Lab 2 Bidir | Refl bdrs.lab2 2001-01-02
5 spectra_id2 spectra3.dat 2003-01-03 Lab Name 3 University 3 lab y Lab 3 Bidir I Sp bdrs.lab3 2003-01-03
6
7

k7xml version="1.6" encoding="UTF-8"?>
' e
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8 information_model_version>1.6.0.0</information_model_version>
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Online quick analysis: cross-instrument
comparison (multi latitud)

 Online data visualization

 (https://atmospheres.research.ltu.se/

pesl)

Online plotting of

different variables using >
DYGRAPHS API
(www.dygraphs.orq)
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Temp1(C)
Temp2(C)
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https://atmospheres.research.ltu.se/pes1
http://www.dygraphs.org/

Summary: PACKMAN-Net

This is an example of planetary instrumentation relevant data
(Space Weather) in our planet which needs a dedicated scalable
data archiving and processing architecture that adheres to the
PDS4 standard.

Furthermore, this project may be used to benchmark the design of
archiving, scalable, networks of future planetary instrumentation
observations of the Moon or mars or Earth orbiters.

This project will bridge the gap between society and research,
adding new stake holders such as teaching institutions (high
schools, universities), or industry and infrastructures
representatives.




