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Introduction

Background and objectives

1. TheThird United NationsConferencen the Explorationand PeacefulUsesof
Outer Space(UNISPACE Ill), in particularthroughits resolutionentitled “The
Space Millennium: Vienna Declaration on Space and Human Development?,
recommendedthat activities of the United Nations Programme on Space
Applicationsshould promote collaborativepartidpation amongMember Statesat
both the regional and internationallevels by emphasizingthe developmentof
knowledgeandskills in developingcountries.

2. At its forty-seventhsessionjn 2004,the Committeeon the PeacefulUsesof
Outer Spaceendorsedhe programmeof workshopstraining coursessymposiums
and conferenceplannedfor 20052 Subsequentlythe GeneralAssembly,in its
resolution59/116 of 10 December2004, endorsedhe United Nations Programme
on SpaceApplicationsfor 2005.

3. Pursuantto GeneralAssemblyresolution59/116 and in accordancevith the

recommendation of UNISPACE Ill, the United Nations/European Space
Agency/NationalAeronauticsand SpaceAdministration of the United Statesof

AmericaWorkshopon the InternationalHeliophyscal Year 2007 was held in Abu

Dhabi and Al-Ain, United Arab Emirates,from 20 to 23 November2005. The

UnitedArab EmiratesUniversityhostedthe Workshopon behalfof the Government
of theUnitedArab Emirates.

4. Organizedby the United Nations,the EuropeanSpaceAgency(ESA) andthe

NationalAeronauticsand SpaceAdministration(NASA) of the United States,the

Workshopwasthe first in a seriesof workshopson the InternationaHeliophysical
Year2007 proposedby the Committeeon the PeacefulUsesof Outer Space based
on discussionin its Scientific and Technical Subcommitteeand reflectedin the
reportof the Subcommitte¢A/AC.105/848 paras181-192). The workshopwasco-

organizedby the National AstronomicalObservatoryof Japan,the International
AstronomicalJnion (IAU) andthe Committeeon SpaceResearch.

5. The main objective of the Workshopwas to provide a forum to highlight

recentscientific and technicalresultsin orderto (a) developthe basic scienceof

heliophysicqthe connectiondetween the Earth,the Sunandinter-planetaryspace)
throughcrossdisciplinarystudiesof universalprocesses(b) determinegheresponse
of terrestrialand planetarymagnetosphereand atmosphereso externaldrivers;

(c) promoteresearcton the Sunrheliosplere systemoutwardto the local interstellar
medium;(d) fosterinternationalscientificcooperatiorin the studyof heliophysical
phenomenanow and in the future; (e) preservethe history and legacy of the

International GeophysicalYear on its fiftieth amiversary;and (f) communicate
uniqueresultsof the InternationalHeliophysicalYear to the scientific community
andthe generabpublic.

6. The presentreport was preparedfor submissionto the Committeeon the
PeacefulUsesof Outer Spaceat its forty-ninth sessionand to its Scientific and
TechnicalSubcommitteeat its forty-third session,both of which will be held in
2006.
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B.

Programme

7. At the openingof the Workshop,statementsvere madeby the Minister for
Educationandthe Chancellorof the United Arab EmiratesUniversity,on behalfof
the Governmenbf the UnitedArab Emiratesandby representativesf ESA, NASA
andthe Office for OuterSpaceAffairs of the SecretariatThe Workshopwasdivided
into scientific sessionsgachfocusingon a specific issue.Presentationdy invited
speakersdescribingthe statusof their findings in researchand educationwere
followed by brief discussionsA total of 70 paperswere presentedby invited
speakersfrom both developing and developedcountries. Poser sessionsand
working groupsprovidedan opportunityto focuson specificproblemsandprojects
in preparationfor the InternationalHeliophysicalYear 2007 and in basic space
science.

8. The Workshopfocusedon topics such as (a) solar heliosphericprocesses;
(b) educationprogramme®n spacescienceand technology;(c) low-cost, ground

basedinstrumentarrayinitiatives for worldwide studiesin spacescience:potential
instrumentprovidersand prospectivenstrumenthosts;(d) astrophysicatesearchn

Arab countries; (e) astronomicaltelescopefacilities in developing countries;
(f) Internationalyear of Physics2005 celebrationsn the United Arab Emiratesand

nonextensivestatisticalmechanicsand astrophysics(g) virtual observatoriesand

(h) astophysicadatasystems.

Attendance

9. Researcherandeducatordrom developingandindustrializedcountriesfrom

all economicregionswere invited by the United Nations, ESA, NASA and the

United Arab EmiratesUniversity to participatein the Workshop.Participantsheld

positionsat universitiesresearchnstitutions,observatoriemationalspaceagencies
andinternationalorganizationsaand wereinvolvedin all the aspectof basicspace
sciencecoveredby the Workshop.Participantswere selectedon the basisof their

scientificbackgroundandtheir experiencen programmesnd projectsin which the

InternationaHeliophysicalyear2007andbasicspacescienceplayeda leadingrole.

The overall preparationsfor the Workshopwere carried out by an international
scientificorganizingcommittee a nationaladvisorycommitteeanda local technical
organizingcommittee.

10. Fundsprovided by the United Nations, ESA, NASA and the United Arab
Emirates University were used to cover the travel, living and other costs of

participantd§rom developingcountries Fundsfor the holding of the Workshopwere
also provided by the United Arab Emirates TelecommunicationsRegulatory
Authority, Dubai Silicon Oasis, ThurayaSatellite Telecommunication€ompany,
the Standng Committee for Scientific and Technological Cooperationof the
Organizatiorof the Islamic Conferencethe EmiratesHeritageClub andthe Al-Ain

RotanaHotel.A total of 150specialistontheInternationaHeliophysicalfear2007
andin basicspacescienceattendedhe Workshop.

11. The following 39 MemberStateswererepresentedt the Workshop:Algeria,
Armenia, Bahrain, Brazil, Cameroon,Canada,CapeVerde, Cote d’'lvoire, Egypt,
Eritrea, France,Germany,Georgia, India, Indonesia,lran (Islamic Repuwlic of),
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Iraq, Japan, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Malaysia,
Netherlands,Nigeria, Oman, Pakistan, Republic of Korea, RussianFederation,
Saudi Arabia, South Africa, Spain, Sri Lanka, Syrian Arab Republic, Ukraine,
United Arab Emirates United Kingdom of Great Britain and Northern Ireland,
United Statesof AmericaandYemen.

Observationsand recommendations

12. The Workshopobservedwith satisfactionthat the regionalcentresfor space
scienceandtechnologyeducationaffiliated to the United Nations,which had been
establishedn Brazil, India, Mexico, Morocco and Nigeria, were operational.The
Workshopemphasizedhat the establishmenof sucha regionalcentrein Western
Asiawouldbe beneficial.

13. The Workshopnotedwith satisfactionthe continuedinstallationof telescopes
and planetariumsin developing countries through the official development
assistancgprogrammeof the Governmentof Japan,in particularits continuing
support for astronomical telescopesin Bolivia, Ethiopia and Pakistan and
planetariumsn Cuba,El SalvadormandRomania.

14. TheWorkshopnotedwith satisfactionthatthe reportDevelopingBasic Space
ScienceWorld-Wide: a Decadeof UN/ESAWorkshops had beenwidely distributed
and that it servedas a guide for activitiesrelatedto spacesciencein developing
countries.

15. TheWorkshopnotedwith appreciatiorthatthe Office for Outer SpaceAffairs
hadreceivedindicationsof interestfrom India, Japanandthe Republicof Koreato
hostfutureworkshops.

16. The Workshop strongly recommendedsupport for the scientific activities
relatedto the InternationalHeliophysicalYear 2007. The following conceptsand
projectswerediscusse@ndendorsealuringthe Workshop:

(a) The “Tripod” concept, which was devdoped and implementedby
previous United Nations/ESA Workshops on Basic Space Science, should be
adoptedfor the InternationaHeliophysicalYear2007;installationand operationof
scientific instruments, taking data with the scientific instrumentsand using
scientific instrumentsand data for university educationshould be considered
equallyimportantin eachof theactivitieson scientificinstruments;

(b) Groupsof countriesto hostscientificinstrumentswhich would provide
sitesin locationswhere measurementsvere desirable,were identified. Potential
scientific instrumenthost groupsthat showedinterestcamefrom various parts of
Africa, WesterrAsia, India, Malaysia,Indonesisandcountriesn Latin America;

(c) Potentialprovidersof scientific instrumentsdiscussedheir interactions
with potential scientific instrumenthostsduring the courseof the Workshopand
expressedoverall satisfactionwith the amount of interest shown by Workshop
participants;

W. WamstekerR. AlbrechtandH. Haubold, eds.,DevelopingBasic SpaceScienceWorld-Wide:
a Decadeof UN/ESAWorkshopgDordrecht,Kluwer AcademicPublishers 2004).
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(d) All scientificinstrumentprovidersdiscussedhe statusof developmenof
their instrumentsand the degreeof readinesgo deploythoseinstruments.It was
notedthat the installationswould remainquasipermanenthroughoutthe period of
the InternationalHeliophysicalYear 2007 activities and thus there was no time
pressuren the scientificinstrumentproviders;

(e) Workshopparticipantswere readyto provide voluntarysupportfor the
preparationsand coordination of the abovementioned scientific instrument
activities as part of the overll activities of the InternationalHeliophysicalYear
2007.

17. The Workshop strongly supportedthe proposedcollaborationof scientists
from Georgiaand Ukrainewithin the frameworkof the InternationaHeliophysical
Year2007,with the aim of creatinga complexelectromagnetipolygonat the base
of the AbastumaniAstrophysical Observatoryas well as a studentdeveloped
microsatelliteto belaunchedn 2007.

18. The Workshop noted that collaborationin the context of the International
HeliophysicalYear 2007 would require the exchangeof personneland scientific
instrumentsbetweenparticipatingscientific organizationdrom different countries.
Governmentsshould be encouragedto facilitate such exchangesas much as
possible.

19. The Workshopobservedthat Internetaccesswvas now availablein almostall
countriesand encouragedsupportfor increaseduse of the Internetas a tool for
educationand researchjn view of the fact that many educationaresourceswere
now availableonline and could be accesse in a costeffective manner.In that
context,note was takenof a discussiongroup on the topic of the “digital divide”,
which had been establishedby IAU. Developingcountrieswere encouragedo
participatein thatdiscussiorgroup.

20. The Workshopnotal that the mirror sitesof the NASA-fundedAstrophysics
Data System(ADS) in Brazil, Chile, China, France,Germany,India, Japan,the
Republic of Korea, the RussianFederationand the United Kingdom had been
enthusiasticallyacceptedby the scientific comnunity and had becomeimportant
assetsfor developing countries to improve their accessto the astronomical
literature.The WorkshopcommendedDS for thatwork.

21. The Workshopappreciatedhe ongoingdevelopmenbf virtual observatories
by major scientiic organizationsThe Workshopstronglyrecommendedthat every
effort shouldbe madeto allow usageof thoseresearchools,aswell asaccesgo the
dataandto theanalysissoftware by scientistsfrom developingcountries.

22. The Workshop observed that the scanning of historical observatory
publicationsby ADS now provided easy accessto a part of the astronomical
literaturethathithertohadbeendifficult to obtainin developingcountries.

23. The Workshopencouragedlosecooperatiorbetweenthe virtual observatory
communityandADS, with the goal of allowing scientistsfrom developingcountries
to competeatthe highestlevelof scientificresearch.

24. The Workshopappreciatedhe increasedavailability of handson educational
websitegproducedy major researctorganizationswhich greatlyfacilitatedscience
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educationin developingcountries. Spacescienceprofessionalsin all countries
shouldbe encouragedo supportsuchefforts.

25. To mark the centenaryof Albert Einstein’s annus mirabilis, the United
Nations, in General Assembly resolution 58/293, had declared 2005 the
InternationalYearof Physics.The Workshopcommendedhe United Arab Emirates
University for organizingnational activities at all educationallevels throughout
2005to observethe Internationalearof Physicsandin particularto reachthe next
generatiorof studentsandteachers.

26. It wasbroughtto the attentionof the Workshopthatthe principalco-organizer
of the basicspacescienceworkshopsfrom 1991to 2004, Willem Wamstekerof the

EuropeanSpaceAgency,had passedaway. The Workshoptook the opportunityto

commendhis seminalcontributionsto the organizationof this seriesof workshops
in the spirit of true internationalcooperation,in particular for the benefit of

developingcountries.

Summaryof projects

Atmospheric Weather Educational Systemfor Observation and
Modelling of Effects

27. TheAtmosphericWeatherEducationalSystemfor Observatiorand Modelling

of Effects(AWESOME)instrumentis an ionosphericmonitorthat canbe operated
by studentsaroundthe world. The monitorsdetectsolarflaresand otherionospheric
disturbances.

28. About60 kilometres(km) abovethe groundlies the Earth'sionospherewhere
continualblastsof particlesand enegy from the Sun hit the Earth’'satmospher&o
stronglythatelectronsarestrippedawayfrom their nuclei. The freeelectronsn the
ionospherehave a strong influence on the propagationof radio signals. Radio
frequenciewith a verylong wavelengthvery low frequencyor VLF) bounceback
off the ionosphereallowing radio communicatiorover the horizonand aroundthe
curved Earth. The ionospherereactsstrongly to the intenseX-ray and ultraviolet
radiationreleasedby the Sun during a solar flare, solar storm or coronal mass
ejection.By monitoringthe signalstrengthfrom distantVLF transmitterandnoting
unusualchangesasthe wavesbounceoff the ionospherethesedisturbancesanbe
monitoredandtracked.To monitora VLF signal,aradioreceiveris neededhatcan
tuneto VLF stations,togetherwith an antennato pick up the VLF signalsanda
computerto keep track of the data. Since most consumerradios cannotpick up
VLF signals,a radioreceiverandan antennaneedto be built. This combinationof

receiverandantennds calleda VLF receiver.
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29. The key elementof the AWESOME monitoringsystemarethe computerthe
Stanfordmonitor and the antennaAn Internetlink is important;otherwisea good
quality digital versatiledisc (DVD) burnercould be used.The setupis illustratedin

figurel. Theline receivergetsVLF signalsfrom two antennasThereis usuallyone
antennain the north-south orientation and anotherin the eastwest orientation.
Thesesignalsaresentto a 200 kilohertz (kHz) analogueto-digital convertefADC)

cardattachedo the PeripheralComponeninterconnec{PCl) slot of the computer.
The ADC will capturedatafrom the two antennaeat 100 kHz each.The timing

signal from the Global PositioningSystem(GPS)is also fed into the ADC card,
allowing for very preciseacquisitionof data.Now in developmenis a Universal
SerialBus (USB) interfaceto replacethe ADC card,which will enhancehe easeof

useandsubstantiallyeducethe cost.

Figurel
Very low frequency data acquisition system

Note Thedataacquisitionsystemworksin conjunctionwith atrue-time Global Positioning
Systemreceiver,aline receiverand north-southand eastwestreceivers.

Source R. Moore andE. Kim, Very Low FrequencyDataAcquisition SoftwareUser Manual.

30. Thereare two typesof datasavedby the receiver.Narrowbanddata means
monitoring the amplitude and phaseof a single frequency,correspondingto a
VLF transmitter.Broadbanddata involves saving the entire waveform from the
antenna,thusenablingstudiesof manymoreionospherigghenomenalhe VLF data
acquisitionsoftwarecontrolspreciselywhen the systemshouldacquirebroadband
and narrowbandlata.Upon dataacquisition,varioustypesof userspecifiedsignal
processinganbe performedon the data.The datamay be sentto anothercomputer
at StanfordUniversity, via the Internet,whereit will be madeavailableto anyone
througha Web interface,so that interestedpartiesat different sitescan sharetheir
dataand collabornte. The dataproducedby AWESOME is of the samequality as
that being usedby researcherst StanfordUniversity; the receiversensitivity has
exceededhe point whereany detectablesignalabovethe ambientnoisefloor will
berecorded.

31. In additionto the AWESOMEmonitor,thereis aninexpensiveversionknown
asthe SuddenlonospheridisturbancgSID) monitor. The StanfordSolarCenter,in
conjunctionwith the Very Low FrequencyGroup of the Departmentof Electrical
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Engineeringat StanfordUniversityandlocal educatorshavedevelopednexpensive
SID monitorsthat studentscaninstall and useat their local high schools.Students
canjoin the projectby building their own antennaa simple structurecostingless
than$10 andtaking a coupleof hoursto assembleDatacollectionand analysisis

handledby a local personalcomputerwhich doesnot needto be fastor elaborate.
StanfordUniversity will be providing a centralizeddatarepositoryand blog site

wherestudentcanexchangenddiscussdata.

32. Deploymentof one of the AWESOME monitorshasrecentlybeencompleted
in Tunisia. Umran S. Inan of StanfordUniversity and Zohra Ben Lakhdarof the
University of Tunis have started this collaboration under the International
HeliophysicalYear/UnitedNations Basic SpaceSciencelnitiative programmeThis

project will provide a basis for quantitative comparisonof lightninginduced
disturbancesf theionospherendtheradiationbeltsin the AmericanandEuropean
sectorsMost of the currentdataon suchphenomen&asso far beenobtainedin the
westernhemispherandtheweightof scientificinformationindicatesthatlightning-

induced effects at high altitudesand in the radiation belts may dominate other
processeson a global scale. The proposed progranme will facilitate the
establishmentand conduct of VLF observationsin the Europeansector, thus
providinga basisfor comparisorto facilitate globalextrapolationsndconclusions.
As part of this collaboration,HassenGhalila of the University of Tunis visited
StanfordUniversity to learn abouthow to operatethe VLF receiverand all of its

scientificapplications.

Magnetometer networks

International Heliophysical Year magnetometerobservatories

33. Magnetometerarrays provide a relatively low-cost method for monitoring
solarterrestrialinteraction. Magnetometerstationsprovide monitoring of current
systemslocal to monitoring stations,as well as local wave populations.Multi-
continentalinternationaHeliophysicalyeararrayswould provide an excellentbasis
for mese and globatlscalemonitoringof magnetospherimnosphericdisturbances
andwould providescientifictargetsfor middle andlow latitudesand opportunities
for developing countriesto host instrumentsand participate in the scientific
investigations.

34. Magnetometerobservatoriescan be developed under the International
HeliophysicalYear/UnitedNationsBasic SpaceSciencelnitiative programmebased
ontheachievementsf the CanadiarArray for Realtimelnvestigationf Magnetic

Activity (CARISMA). CARISMA is the magnetometeelementof the Canadian
GeoSpaceMonitoring (CGSM) project. It is the continuationof the Canadian
Auroral Networkfor the OPENProgramUnified Study(CANOPUS)magnetometer
array, which ran from 1986 to 2005, with upgradingto include higher time

resolution and more completetime coverage.lt utilizes the same 13 fluxgate

magnetometerdut with an upgradedsite infrastructureand data transmission
system.

35. Each proposedinternationalHeliophysicalYea magnetometewobservatory
will consistof magnetometestationpairsseparatedneridionallyby approximately
200 km. Otherrequirementsare two 3-componentfluxgate magnetometerss data
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logger,GPStiming anda powersource.For remotelocations,solar panelsor wind
turbinescould possiblybe used.The dataretrieval methoddependson available
infrastructuretelephondine modemor local Internetwhereavailable.

36. The approximatecost of each observatoryis $22,000 for a 3-component
fluxgate with RS232 output (approximately$6,000 for each component);an
industrial gradedatalogger/personatomputerwith GPS (approximately$2,000);
and a solar panelpower system(approximately$2,000).Commercialfluxgatesare
availablefrom industrializedcountries However,an excellentlow-noise supplier
also exists at the L'viv Centre of the Institute for SpaceResearchin Ukraine.
Ukraine benefitsfrom export trade and tax agreementsvith someindustrialized
countries,including Canada.The InternationalHeliophysical Year magnetometer
arraycould aid developmentn countriessuchas Ukrainewheresuitableexpertise
exists.

37. Forthe CANOPUSarray,the Universityof Albertain Canadas developinga
solar cell/wind generatorstandalone power sourcethat could be modified for
International Heliophysical Year use in developing countries with little
infrastructure(this also allows site deploymentin environmentallymagnetically
quiet locationsand avoids problemswith local power grid stability). Under the
Interrational Heliophysical Year/United Nations Basic Space Science Initiative
programmethe University of Alberta,togetherwith otherpartnerinstitutes,could
developa GPStimed personatomputerdataloggerinterfacefor the magnetometer,
developsolarcel/turbine power sourcesfor the InternationalHeliophysicalYear
magnetometeobservatoriesintegratesystemsprior to deliveryto scientistsfrom
participating countriesand organizeand run a number of regional or continent
specific “deploymentschools] where scientistsfrom developingcountries can
attenda singledeploymentwhich will helpthemto deploytheir own observatories
independentlyn theirrespectiveountries.

38. The InternationalHeliophysicalYear array dataare more powerful than data
from any single observatoryalthoughdatafrom a single observatorymay be used,
especiallyin combinationwith partnerinternationalHeliophysicalYear datasets.
Projectinvolvementshouldrequiredatadeliveryto the InternationalHeliophysical
Year (perhapsin partnershipwith the Electronic Geophysicalvear (e-GY)). It is

valuableto havea centralinternationaHeliophysicalyear magnetometeairraydata
centreto collect, storeand archivethe data. The scientific value of the collective
Internatioml HeliophysicalYear array data set encourage<ollaborationbetween
InternationalHeliophysicalYear magnetometearray scientistsfrom participating
countries.This datasetcould alsoprovidethe basisfor InternationaHeliophysical
Yearscienceworkshops/conferencewith activeinvolvementfrom the participating
scientists.

Magnetic Data Acquisition Systemproject

39. The Magnetic Data Acquisition System(MAGDAS) (seefigure Il) is being
deployedfor spaceweatherstudiesduring 2005to 2008, overlappingheavily with

the InternationalHeliophysicalYear/UnitedNationsBasic SpaceSciencelnitiative

programme.The project will aid the study of the dynamicsof geospaceplasma
changesduring magnetic storms and auroral substorms, the electromagneti
responseof the iono-magnetospherdo various solar wind changes,and the
penetration and propagation mechanismsof DP2-channel ultra-low-frequency
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(ULF) rangedisturbance$rom the solarwind regioninto the equatoriaionosphere.
With the help of MAGDAS data, reattime monitoring and modelling can be

conductedof (a) the global threedimensionalcurrentsystem;and (b) the ambient
plasmadensityin orderto understandhe electromagnetiand plasmaenvironment
changesn geospace.

Figurell
MAGDAS/CPMN magnetometersystemfor real-time data acquisition

40. In orderto producea globalthreedimensionakturrentsystem MAGDAS data
will be usedto mapthe ionosphericequivalentpatternof currentson a daily basis.
The currentand electricfields at all latitudesare coupled,althoughthoseat high
latitudesandthoseat middle and low latitudesare often consideredseparatelyBy
using the MAGDAS ionospheric current pattern, the global electromagnetic
couplingprocesseatall latitudeswill beclarified.

41. In orderto measureambientplasmadensity,new MAGDAS magnetometers
will bedeployedat severalpairsof stationsalongthe 210 degreemagneticmeridian
to observethe magneticfield line resonancgFLR) pulsations.Each pair will be
separatedin latitude by approximatelyl00 km. The FLR oscillationsare usefulfor
monitoring temporaland spatial variationsin the magnetospheriplasmadensity.
The MAGDAS data will be analysedby the amplituderatio and crossphase
methodsto identify the FLR eventsand measureheir eigenfrequencieqroviding
the measurememdf plasmadensityvaryingwith time. Thesemeasurementwill be
highly valuablein understandinghe variationsof the ambientplasmadensityand
thelocationof the plasmapauseduring magneticstormsandauroralsub-storms.

42. MAGDAS will utilize the Circumpan Pacific MagnetometemNetwork (see
figure II1) involving a numberof countriesaroundthe globe (Australia,Indonesia,
Japan, the Philippines, the Russian Federation,the United Statesand Taiwan
Province of China). Additional locations where the magnetometersould be

11
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deployedare Brazil, CanadaCéted’lvoire, Ethiopia,Micronesia(Federatedtates
of), India, Mexico, Peru,SouthAfrica andTrinidadandTobago.

Figurelll
Stationsof the Circum-pan Pacific MagnetometerNetwork

International Heliophysical Year radio telescopenetworks

CompoundAstronomical Low-costLow-frequency Instrument for Spectroscopy
and Transportable Observatory

43. The Compound Astronomical Low-cost Low-frequency Instrument for
Spectroscopyand TransportableObservatory (CALLISTO) is a dualchannel
frequencyagilereceiverbasedon commerciallyavailableconsumeelectronicgsee
figure 1V). The low cost for hardwareand software and the short assemblytime
make this an ideal instrumentfor the InternationalHeliophysical Year/United
Nations Basic Space Science Initiative programme.The total bandwidth of
CALLISTO is 825 megahertz(MHz) and the width of individual channelsis
300kHz. A total of 1,000measurementsanbe madeper second.The spectrometer
is well suitedfor solarlow-frequencyadio observationpertinentfor spaceweather
researchand applications.Spaceweatherhasbecomea topic of interestto society
thatincreasinglydependsn satellitesfor dayto-day activities.Oneprime example
is cellular telephoneswhich can be seriously affectedby spaceweather.Space
weathemrefersto the variableconditionsin the Earth’sspaceenvironmentprimarily
causeddy changingconditionson the Sun. Radio observations a simple meansof
detectingthe solardisturbancesvhentheyaresill nearthe Sun.The earlydetection
of solardisturbancesuchas shockwavesis possiblefrom the groundusingradio
spectrometerssuch as CALLISTO. The Sun producesvarious types of radio
emissionsso spectrometersuchas CALLISTO arenecessaryo identify the nature
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of coherentsolarradio emissionsfrom solar eruptions,relevantto spaceweather.
Oneof theimportanttypesof radioemissionsoccurringin the CALLISTO spectral
rangearethe shockrelatedradio burstsknown astype |l radio bursts.Thesebursts
are causedby shocksdriven by coronalmassejections.Occurrenceof thesebursts
marksthe formationof shocksnearthe Sun,which mightarriveat Earthaftera few
daysandmarkthe startof geomagnetistorms.

FigurelV
Basicdesignand hardware of the CompoundAstronomical Low-cost
Low-frequency Instrument for Spectroscopyand Transportable Observatory

Note The main board for dataacquisitionand interface with the RISC processorATmegal6and
two synchronousreceivers are shown in the foreground of the right panel. The complete
spectrometeris shownin the background.The width of the instrumentis 24 centimetes. It is
extremelycheapand suitablefor easycopyingandfor deploymentin manylocations.

44. It is importantto have continuousmonitoring of the Sun, which requiresa
network of spectrometersat several locationsin the world. Five CALLISTO
instruments havebeenconstructedo far andhavebeenputinto operationat several
sites,including Bleien in Zurich, Switzerland,and the National Radio Astronomy
Observatoryin the United States.Arrangementsre being madeto deployonein
India at the Radio Astronomy Centerin Ooty. This network, in addition to the
existing spectrometersat Hiraiso in Japan,the multichannelradiospectrograph
ARTEMIS in Greeceandthe CulgooraSolarObservatoryn Australiawill form an
excellent radio network for Internatioml Heliophysical Year science and for
achievingthe goals of the InternationalHeliophysicalYear/UnitedNations Basic
SpaceSciencdnitiative programme.

45. The softwareis distributedon a Reducedinstruction Set Computer(RISC)
processorATmegal6anda standardgersonatomputeror laptop.Onthe RISC,the
driver, buffer and interfacingsoftwareis programmedn C++, using an interrupt

13
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drivenstatemachineconceptThe hostsoftwareon the personatomputeris alsoin

C++ andoperatesunderWindows 2000 and Windows XP. The relevantparaneters
are locally storedin a text file, which can be easily adaptedto other observing
con?gurations Additional RS232ports are precon?guredo communicatewith an
extendedGPS systemand externaltemperatureand humidity sensors.It is also
possibleto control CALLISTO via the Internet,usingan RS232networkadapterA

file-controlled schedulerstarts and stops measurementm relation to local time
(Universal Time). The schedulerrepeatsevery day automaticallyand can be
changednlineandremotely.

Low-frequencyradio antennaarrays

46. Low-frequencyradioarrayscanbe deployedat two levels:optiononeis low-
frequencymonitoring of solarradio burstswith single dipoles;and option two is
8-16 elementarraysfor monitoringof thewholesky.

47. Opportunitiesare beingexploredto install a low-frequencyradio telescopeat
the Gauribidanurradio telescopesite in India to work in conjunction with
CALLISTOin Ooty.

Global Positioning Systemin Africa

48. The overarchingplan is to increae the numberof reattime dualfrequency
GPS stationsworldwide for the study of ionosphericvariability. Of particular
interestis the responseof the ionospherictotal electron content (TEC) during
geomagneticstorms over the African sector. This progranme is particularly
compatiblewvith magnetometry.

Remote Equatorial Nighttime Observatory for lonospheric
Regions

49. The Remote Equatorial Nighttime Observatoryfor lonospheric Regions
(RENOIR)is a suiteof instrumentsiedicatedo studyingthe equatorial/lowlatitude
ionosphere/thermosphesgstem,its responsdo stormsand the irregularitiesthat
can be presenton a daily basis.The occurrenceof equatorialplasmainstabilities,
commonly referred to as equatorial spreadF, equatorial plasma bubbles or
depletions,can causeradio signals propagatingthrough the disturbedregion to
scintillate.This resultsin a fadein the signalpowerthatis receivedranslatingto a
loss of the signal. Scintillationson frequenciesfrom severalgigahertz(GHz) and
below are known to occur and are a concernfor many sectors. Through the
constructionanddeploymenbf a RENOIR station,it is possibleto achievea better
understandingf the variability in the nighttime ionosphereand the effectsthis
variability hason critical satellitenavigationandcommunicatiorsystems.

50. A typical RENOIR station involves the following: (a) an array of single
frequency GPS scintillation monitors, which provide measurementsf the size,
orientation and speed of the irregularities present;(b) a dualfrequency GPS
receiver,which provides measurement®f ionosphereTEC (if a site could be
locatedthatalreadyfields a duatfrequencyGPSreceiver this would not be needed;
() an all-sky imaging system, which measures two different
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thermosphere/ionosphere emissions from which the two-dimensional
structure/motionof irregularitiescan be observed(the data can also be usedto
calculatethe densityandheightof theionosphere)and(d) two miniaturizedFabry
Perotinterferomeers (MiniME), which providemeasurementsf the thermospheric
neutral winds and temperatures(the two interferometersare separatedby
approximately800km or so, allowing bistatic,commonvolumemeasurements).

51. Deploymentof RENOIR stationsis being plannedin collaborationwith the

International Heliophysical Year/United Nations Basic Space Science Initiative

programmeldeally,the RENOIR stationswould be fieldedin Africa at a longitude
of approximately7 degreesfrom the magneticequator.The instrumentationthat

makeup a RENOIR stationhaveall beenusedin the field in previousexperiments
and are at a moderatelymaturelevel of developmentThe optical systemscan be

housed in individual, selfcontained housing units, requiring very little

infrastructure.lf an optical facility is availableat a host institution, the optical

equipmentcould easilybe modified to interfacewith availableopticaldomes.The

facility should be locatedin a region with relatively dark skies (away from any

major cities)andawayfrom anytall structuregbuildingsandtrees).If two Fabry

Perot interferometersare to be fielded, the second system should be located
approximately\300km awayfrom the mainsite.

52. The dualfrequency GPS receiveris quite rugged and simply requiresa

locationto mounttheantennandminimal spaceo locatethe controlcomputerThe

array of singlefrequency GPS scintillation monitors requires a space of

approximatelyl00 metres(m) by 100 m overwhich to spacethe five antennaén a

crossformation.Again, minimal spaces neededo locatethe controlcomputerdor

each receiver. The facility should be located away from any tall structures
(buildingsandtrees).

South Atlantic Magnetic Anomaly very low frequency array

53. The Souh Atlantic MagneticAnomalyVLF array programmehasthreemain
goals: monitoring solar activity on long and short timescales; monitoring
ionospherigerturbation®verthe SouthAtlantic MagneticAnomaly (SAMA); and
atmospheristudies.

54. The VLF networkwill be deployedin a regionwherethe coverageat similar
frequenciess currentlyvery poor. This will allow the studyof the SAMA regionat
low ionosphericaltitudes and its structure and dynamics during geomagnetic
perturbationsThe monitoringof transientsolarphenomenavill improvescientific
knowledgeof the low ionosphereandof the chemicalprocessesccurringthere.On
longertimescalesjt will be possibleto define an ionosphericindex of the solar
activity characteristicof the ionizing ager of the low ionosphere(extreme
ultravioletand Ly-alpha).Currentlytheseare poorly monitoredandonly accessible
through models.The proposedinstrumentwill also permit the study of the VLF
counterpartof newly discoveredatmospherigphenomenaelatedto lightning and
thunderclouds.The proposedscienceis relevantto the following International
HeliophysicalYear themes:impact of spaceweatherphenomeneon the Earth’s
climate;andtheionosphere/magnetosphere.

15
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55. ldeallythe VLF receiversshouldbe ableto measureamplitudeperturbations
of 1 decibel(dB) (relativeto the unperturbedevel) and phasechangesas low as
0.5us, correspondingo changesobservedfor example,during very small solar
flares. The basic data output is composedof these phase and amplitude
measurementslhereare no strongrequirementon the location of the receivers,
except for minimal manmade interferences.Some potential sites with existing
infrastructureare Piurain the north of Peru(05°12°S;80°38"W);PuntaLobosnear
Lima, Peru(12°30°S;76°48 W); Palmas,Tocantins,Brazil (10°10°S;49°20"W);
SantaMaria, Rio Grandedo Sul, Brazil (29°43S; 53°43"W); and the Complejo
AstronémicoEl Leoncito(CASLEO),SanJuanArgentina(31°32°S;68°31"W).

56. Thesenewsiteswill complementheexistingVLF sitesat Atibaia, SdoPaolo,
Brazil (23°11°S;46°36°W),andthe BrazilianAntarcticComandanté&ermazresearch
station (62°05°S;58°24°W). It will be possibleto comparethe VLF propagation
characteristicsfrom paths that completely cross SAMA, paths for which the

receiversare locatedat the borderor outsidethe SAMA and pathsthat end at the

SAMA certre location (seefigure V). The estimatedcost of the instrumentations

$5,000 per unit (there are 5 units) and an additional cost of $10,000for travel

betweerstationsfor installation testingandmaintenance.

FigureV
South Atlantic Magnetic Anomaly locationsand pathsfrom the NAA
transmitter in the United States

Note SAMA locationsandthe nearly north-southorientedpathsfrom the NAA transmitterin the
United States(44°39°N;67°17"W)will enablea comparisonof examplesof simultareous
measurementfrom the totally sunlit pathNLK (48°12°N;121°55"W)andthe partially
sunlit pathNPM (38°59°N;76°27"W),which arealsoshown.This will allow scientiststo
obtainatwo-dimensionalview of the SAMA region. In the caseof NAA transmisson, the
pathover PuertoRico shouldalsobe noted,whereionosphericradio measurementare
madeat the Arecibo (18°30"N;68°31"W)radio facilities in associatiorwith the sprites
phenomena.
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Scintillation Network DecisionAid

57. lonospheriddisturtancescan causerapid phaseand amplitudefluctuationsof

satellitesignalsobservedt or nearthe Earth'ssurface;thesefluctuationsareknown

as scintillation. Scintillation affectsradio signalsup to a few GHz frequencyand

seriously degradesand disrupts satellitebased navigation and communication
systems.The Scintillation Network DecisionAid (SCINDA) consistsof a set of

groundbasedsensorsand quastempirical models,developedo provide reattime

alertsand shortterm (lessthan 1 hour) forecats of scintillationimpactson UHF

satellitecommunicatiormndL-BandGPSsignalsin the Earth'sequatoriaregions.

58. SCINDA is areattime, datadriven,communicatioroutageforecastand alert
system. Its purposeis to aid in specifying and predicting degradation of
communicationsdue to ionosphericscintillation in the equatorialregion of the
Earth. Ultra-high frequency (UHF) and L-band scintillation parametersare
measuredmodelledand propagatedn time to provide a regionalspecificationof
the scintillation environmentin an effort to mitigate the impactson the satellite
communicationsommunity.

59. The datadrives a semiempirical model that producessimple threecolour
graphical representationsof largescale equatorial scintillation structues and
associatedommunicationmpactregions.

60. The SCINDA system(seefigure VI) conceptis presentlybeingdemonstrated
using eight equatorialstationsin SouthAmerica, SouthWestAsia and SouthEast
Asia (figure VII). The scintillation maps are avalable to users for prototype
operationalsupportvia a securenetwork. Analysis of data collectedduring the
recent solar maximum period (20002002) indicatesthat both single and dual
frequencyGPSreceiversare subjectto significanterrorsduring sevee scintillation
events.All SCINDA sites are now equippedwith GPS scintillation monitorsand
modeldevelopmentis in progress.Following the solarcycle, L-band scintillation
activity will declineover the next few yearsand shouldremainrelatively benign
until around2008. The goal is to have accurateGPS navigationerror products
availableto supportthe SCINDA operationdeforethe nextsolarmaximum.

FigureVI
Setup of very high frequency antenna(left) and very high frequencyreceiver
chain and data acquisition system(right)

17
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FigureVll
Existing and proposedstationsof the Scintillation Network DecisionAid system

18
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Note Magneticequatorand northernand southernmagneticlatitudesat 20° are shownby dashed
lines. The mostintensenaturalscintillation eventsoccur during night-time hourswithin 20°
of the Earth’smagneticequator.SCINDA observationsn the 20° belt on eitherside of the
magneticequatorare sought.Currentplansinclude expansionof the networkto new
geagraphicregions.

New type of particle detectorsfor spaceweather forecasting
network

61. Particlebeamsacceleratedht the Sun are superimposean the uniform and
isotropic cosmicray backgroundfrom galactic and extragalacticsources.Space
bornespectrometerseasurehe time seriesof the changingfluxes with excellent
energy and charge resolution. Surface detectors measurethe time series of
secondaryparticles,bornin cascadesriginatedin the atmospherdy primaryions.
Studiesof thesepatticles shedlight on the high-energy particle accelerationby
flaresandshocksdrivenby coronalmassejections.

62. Time seriesof intensitiesof high-energyparticlescan provide highly cost
effectiveinformation on the key characteristicof the inteplanetarydisturbances.
Becausecosmicraysare fast and havelarge scatteringmeanfree distancesn the
solarwind, this informationtravelsrapidly and may proveusefulfor spaceweather
forecasting.Size and occurrenceof the southwardmagneticfield componentin
interplanetarycoronal massejections(ICMEs) is correlatedwith the modulation
effectsthat the ICME poseson the ambientpopulationof the galacticcosmicrays
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during its propagationup to 1 astronomicalunit (AU). On the way to Earth
(15-50 hours), the magneticcloud and shock modulatethe galactic cosmic ray
(GCR) flux, makingit anisotropic.Surfacemonitorslocatedat the AragatsSpace
EnvironmentalCenter(ASEC)on Mount Aragatsin Armenia,at 2,000and3,200m
altitude (40°30'N,44°10'E) At cut-off rigidity of 7.6 gigavolt(GV) it is possibleto
detectchargedandneutralcomponent®f the secondaryosmicrayswith different
energythresholdsand variousanglesof incidence(seefigure VIII for a schematic
view of the new detectorat ASEC). This richnessof information (seethe table
belowandalsofigure VIIl), coupledwith the simulationof the physicalphenomena,
canbeusedto egimatethe shocksizeandthe magneticfield “frozen” in the ICME.
Consequentlyone can predict upcoming geomagneticstorms hours before the
ICME arrival at the magnetometersn the AdvancedCompositionExplorerandthe
Solar and Heliospheric Observatory.The half-hour lead time provided by the
L1-monitorsis a bit shortto take effective mitigation actionsand protectsurface
industriesfrom harmof majorgeomagnetisctorms.To identify the major sourceof
error in the predictions,it is necessaryo meaure,simulateand compare(a) time
seriesof neutrons,low-energychargedcomponent(mostly electronsand muons)
and high-energy muons; (b) the correlationbetweenchangingfluxes of various
secondaryarticles;and(c) directionalinformation.

Table
Characteristicsof Aragats SpaceEnvironmental Center monitors

Altitude Surface Operation Countrate
Detector (metres)  (square metres) Threshold(s)MeV (Year) (min')
NANM (18NM64) 2000 18 1996 2x 10"
ANM (18NM64) 3200 18 2000 4.5x 10*
SNT-4 thresholds+ 3200 4 (60 cmthick)  120,200,300,500 1998 5.2x 10
Veto 4 (5cmthick) 10 1.3x 10°
NAMMM 2000 5+5 10+ 350° 2002 2.5x 10°
AMMM 3200 45 5000 2002 1.2x 10*
MAKET-ANI 3200 6x16groups 10 1996 1.5x 10°

@ Countratefor thefirst threshold;nearvertical chargedparticlesareexcluded.
b First number—energythresholdfor the upperdetector,secondnumber—bottomdetector.
° Total countrate for 45 muondetectorsfrom 100.

63. Basedon experiencewvith correlationanalysisof multivariatetime seriesfrom
ASEC monitors, several newtype particle detectorsare being designedand
fabricatedIn orderto keepthe instrumentinexpensivethe optionsarekeptflexible
by using modulardesign.The price of a fully autonomousunit, with the capability
to senddatato the Internet, will not exceed$20,000,so that the network of
countriesnvolvedin spaceesearcltanbesignificantlyexpandedo enablethemto
participatein the InternationalHeliophysicalYear 2007. At any time, one can
cascadeinitsto achieveadditionalfunctionality,for exampleby addingseverahew
observationaldirections. The advantageto be gained by the world network of
neutronmonitorswill be the investigationof the additionalpopulationsof primary
ions.

19
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FigureVllIl
Schematicdiagram of new detectorfor muonsand neutrons at the Aragats
SpaceEnvironmental Center

64. It is proposedto deploy such detectorsin countries such as Azerbaijan,
Georgia,lran (Islamic Republic of), Israel, Kuwait, Turkey and the United Arab
EmiratesAdditionaldeploymentsn BulgariaandCroatiaarepossible.

Muon network

65. Muon detectornetwork collaborationconsistsof nine institutesfrom seven
countries (Armenia, Australia, Brazil, Germany,Japa, Kuwait and the United
States)Many of the countriesare alreadyoperatingmuondetectorsandsomehave
recentlyinstalledthem.

66. The utility of the muon detectorfor detectinglCMEs is shownin figure IX.
Eachcircle representsn hourly measuremeriy a singletelescopeasa function of
time (day of year on the abscissa)nd the asymptoticlongitude of the viewing
direction (in degree on the ordinate). The light and dark circles represent,
respectivelyanexcessanddeficit of cosmicrayintensityrelativeto theaverageand
the size of eachcircle is proportionalto the magnitudeof excessor deficit. The
precursorydecrease(dark circles) of cosmic ray intensity from ~135 degrees
longitude (sunwarddirection along the nominal interplanetarymagneic field) is
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clearly seenmore than one day prior to the suddencommencemenof the storm
(arrival of shock driven by coronal mass ejection at the Earth). The physical
mechanismfor the precursorydecreases illustratedin figure IX (bottom). A

coronal mass ejection propagatingaway from the Sun with a shock aheadof it

affectsthe pre-existing populationof GCR in a numberof ways.Most well-known
is the Forbush decrease,a region of suppressedcosmic ray density located
downstreanof a coronalmassejecton shock. Someparticlesfrom this region of

suppressedensityleakinto the upstreanregionand,travellingnearlyat the speed
of light, they raceaheadof the approachingshockand are observedas precursory
lossconeanisotropyfar into the upstreanregion.Lossconesaretypically observed
four to eight hours aheadof shock arrival for shocks associatedwith major

geomagnetistorms.

FigurelX
Detectionof interplanetary coronal massejections

Note Thechartat the top of figure IX showsa depictionof the “loss-cone” precursorobserved
prior to the arrival of a coronalmassejectionat Earthon 9 Septembed 992. The diagramat
the bottom showsthe physicalmechanisncausingthe loss-coneprecursor.The coronal
massejectionfrom the Sun(regionmarkedCME), andthe depletionregion (Forbush
decreaseaegion)arealsoshown.The coronalmassejectiondrivesa shockshownby a
curveddashedine. Particlesenteringthe detectorare denotedby the helical arrow. Three
interplanetaryfield lines arealsoshown.
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67. The currentmuondetectornetwork (seefigure X) is almostcompleteexcept
for a desireddetectorin United States(Hawaii or the West Coast)and anotherin
SouthAfrica.

FigureX
Muon detectornetwork

Note The geographidocationof eachdetectoris indicatedby alargestarandidentified by
number.Eachof the symbols(squarestrianglesandcircles) showsthe asymptoticviewing
of aparticleincidenton eachtelescopewith the medianprimary rigidity. Opensymbols
displaythe existingviewing directions,while full symbolsrepresenthe directionsto be
addedby the plannedinstallationand extensionof detectors.The track througheachsymbol
representghe spreadof viewingdirectionscorrespondingo the central80 per centof each
telescope’senergyresponse.

Notes

1 Reportof the Third United Nations Conferenceon the Exploration and PeacefulUsesof Outer
Space,Vienna,19-30 July 1999 (United Nationspublication,SalesNo. E.00.1.3),chap.l,
resolutionl.

2 Official Recordsof the GeneralAssembly Fifty-ninth session SupplemeniNo. 20 and
corrigendum(A/59/20), para.71.
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Investigator: Arnold Benz
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Telephone: (+41-1) 6324223
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e-mail: benz@astro.phys.ethz.ch
Website: http://www.astro.phys.ethz.ch/staff/benz/benz.html
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Network
Investigator: AshotChilingarian
Affiliation: AlikhanianPhysicslinstitute
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Burakan AragazotrDistrict
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Telephone: (+3741)34-4377
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e-mail: chili@crdIx15.yerphi.am
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