Foreword

This bodk repats ontheradioméric calibratian of the SolarandHeliosphericObser
vatory (SOHO)[Fleck et al., 19%; Fleck and Svestka, 1997; SOHO Webpage]. Radio-
metric calibrationandthe stronglyrelatedissueof cleanliressareessentiaingredentsof
SOHOS5s succesasthe mostimportart solarphysicsmissionto date.

The comgementof instrunents carriedby this spacecrfh permitsthe study of the
entire Sun— from its innermest core out into the heliosplere, beyond the Earths orbit.
SOHOS vartagepoirt in a halo orbit arond Lagrangepoint L 1 on the EarthSunline,
1.5 x 10° km away from the Earthtowards the Sun(Figure 1), is fundanentalto SOHOs
capabilities. The location outsidethe magnéospheren eternalsunshineand the small
andgentle,accuately-krown motion alongtheline of sighttowardthe Sunpermitunin-
terruged obsening over the entireelectronagneticandparticle spectrunof the day star
andfacilitatehelioseismolgy studiesj.e., theanalysisof solaroscillations.SOHOdeter
minesthelatterwith uneqalledsensitvity andresolutionpothin velodty andin radiance
orirradiarcespace.

Six of SOHO' twelve instrumentgFigure2) obsere in the vacuun-ultraviolet spec-
tral region. Theseare: CDS, the Coronal Diagnastic Spectroneter; SUMER, the ex-
perimen for Solar Ultraviolet Measurenentsof Emitted Radiation;UVCS, the Ultravi-
olet Coronagaph Spectromeer; EIT, the Extremeultraviolet Imaging Telescope SEM,
the Solar Extreme-ultraviolet Monitor, which is mownted on the Chage, Element,Iso-
tope Analysis System(CELIAS) and SWAN, which measues SolarWind ANisotrofdes
by obsering Lyman« fluorescencen the heliosghere. In addition, the VIRGO instru-
ment,whichmeasure¥arialility of solarlRradiane andGravity Oscillations determires
alsothe total irradiarce, i.e., the so-calledsolar constan It thusincludesthe vacuum-
ultraviolet partof the solarspectrum Theseinstrumets startedtheir obserationsin the
first half of 199, partly while SOHOwasstill onthetransfertrajectoryto L 1.

Vacuunm-ultraviolet instrumentationon earlier solar spaceobsenrataies has shavn
sometimegatherstrongdrops in responsiity after being exposedto solar radiation in
space. Contamiration — particdarly, molecularcontamiration — depositedon the sur
facesof mirrors andotheropticalcompnentsandirradiatedoy polymerisinghigh-enegy
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Figurel: Thehaloorbit of SOHOarourd L 1: schematicallyincludng thetransfertrajec-
tory (left) andin anartist'simpression(right).
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1 SUMER: Solar Ultraviolet Measurements of 11 MDI: Michelson Doppler Imager
Emitted Radiation

10 VIRGO: Variability of solar IRradiance
and Gravity Oscillations

3 EIT: Extreme-ultraviolet Imaging
telescope

9 GOLF: Global Oscillations at
Low Frequencies

" 8 cosTEP:
COmprehensive
SupraThermal and
Energetic Particle

4 UVCS: UltraViolet analyser

Coronograph Spectrometer

5 LASCO: Large-Angle and 7 CELIAS: Charge, ELement and
Spectrometric COronograph Isotope Analysis System

6 SWAN: Solar Wind ANisotropies 8 ERNE: Energetic and Relativistic
Nuclei and Electron experiment

Figure2: The SOHO spacecrafta photogaphof the payload modulein the cleanroom
(left) anda drawing of the satellite,includingthe servicemodule, with thelocationof the
instrumetts (right).

photmsis attheroat of suchchangsin resposivity. Thismeanghattheradiametriccal-
ibrationof vacwme-utraviolet instrunents,which hasbeenestablishedn the laboraory,
canrapidly becane invalid onceorbit is reacked andthe opticsare exposed. Molecular
sourcesof contamiration — paints,potting materials,lubricarts and plasticsof all kinds
— arewidespred, andmolecularsinksarenot only mirrors, gratings filters etc.,but also
detectorssincethelatterareoftencooledto achieve low noiselevels.

Cleanlinesstherefae, was recogtised during the developmen of SOHO asa prime
concen, andwasinsistedon in desigring, fabricating integrating andtestingthe instru-
mentsandspacecraftA cleanlinesgontiol plan,prodwcedin late 198 aspartof theinter
facedocumentation spelledout therisksandgave adviceon waysto minimizetheeffects
of contanmation on critical hardvare. This resultedin carefuldesignandstrict material
selectionfor instrumens andspacecrafaswell asa stringen obsevation of cleanliness
procedires. The permaent monitaing of the cleanliresshasbeenanissueright from
beginning aswell.

Giventhesextersive effortstowardscleanlinesspnecouldhope for astableradiamet-
ric performarce of thevacuumultraviolet (andothe) instrumemationoncethe spacecraf
hadreachedrbit. And it madesenseo strive toward a proper radionetric calibratian —
onthegrowndaswell asin orbit.

In contrastto Earth obserations, wherein-omit calibration is much adwanced,but
alsofacilitatedby the possibility of using‘ground+truth’, theinaccessibilityanddynamic
behaiour of the Sunmakesin-orbit moritoring of instrurentrespomivity by useof solar
radiationprodematic,especiallyin the vacuumultraviolet and X-ray regions.

Carryirg standard into orbit for a prope end-teend recalibraion in spaceis still
impractical. In orderto compae the respmsiity of differentexperimentsandassesshe
stability of theirradiometic calibration onemust,therefae, take recouseto co-tempral



obserationof thesameareasn the Sun,or to the useof anensemblef hopefully stable
starslocatedwithin thefield of regard of theinstrumetts.

The presentScientific Reporton the Radiometic Calibrationof SOHO s the result
of two TeamWorkshoys that have beenheld at the Interrational SpaceSciencelnstitute
(ISSl)in Bernin Februay andOctober200L. The participans in theworkshgsreviewed
the entirecalibration effort, thatin the laboratoy aswell asthatin orbit, andexamired,
andimmediatelyused,the expeienceandknowledgegainedby the SOHO expaiments
during every stepof the mission. SOHO, fortunately hascarefully craftedin-orbit cal-
ibration progammeswhich aredesignedo monitorthe respomivity of its instrumeits.
The extersive datamaterialobtaired during thesein-orhit calibration progammesgurned
outto beparticulaly usefulwhentheeffectsof theextreme condtions expeliencedduring
SOHOS accidentalossof attitudehadto be evaluated

This ISSI ScientificReportsummariseanddoamentsthe radionretric calibraion of
SOHOs instrumerts for the first six yearsin orbit. Following a statemenbn SOHOS
calibrationheritage— a geneal messagagreedo by all the workshop participants— the
Reportstartswith an introductory part. This containsbasicinformation, suchasa de-
scriptionof solarvariahlity, a generaldiscussiorof issuesin spectroadiomety for solar
physicsfrom spaceanda digestof radiation from spatially-restved structues. The in-
trodwction alsoincludesa repat on the developmert of the secondry sourcestandard
thataretraceabldo the primary synchiotronradiation standarcandhave beendeveloped
for, andusedin, thecalibrationof someof SOHOS telescope-sgctrometecombirations.
Furthertheintrodwctionalsopresentsa précisof theactualstepsakento assurgheradio-
metriccalibrationof SOHOS ultraviolet instrumens aswell asa summaryon the subject
of cleanliness.

Thefollowing two partsdescribethe radionetric calibratian of individual instrumer
andtheir cross-calibationin orbit by useof solaror stellarradiationas‘transferstandard
(A comprisonof polatisationmeasuremntsmadein thevisible by thetwo cororagrapls
on SOHOis included here,too.) A partonthe useof atomicphysicsin radiametric cali-
brationthenfollows.

Thenext partcontairs therepats andrecommaedatiors of threeWorking Groupsthat
metduringtheworkshgps. Thetopicsof theWorking Groupswere: (i) cleanliness(ii) the
cross-calibation betweenCDS andSUMER and(iii) the compaison of solarirradance
measuredy SOHOandothermissions.

Thefinal partpresent&noutlodk onspacexpetimentsandmissionghataddesssolar
physics,whichareeitherunder preparationor arefirmly plamed. Theoutlod, it is hoped,
will helpto ensue thatthe expeiencegairedwith SOHOIs beingpassean to the berefit
of future missions.

In the Workshoys, the culturesof the differentexpaimentteamscoalescednto a pro-
ductive, amialle atmosjere of uninhibited excharge and collabaation. Subseqantly,
participarns shaved greatcommitmen, andinvestedmuchtime and effort to write the
interestingarticlesnow beingpulishedin this ISSI ScientificReport.

The editorsgreatly appeciatethe work of several externd refelees. We alsowant
to acknavledge J.L. Kohl, C.D. Pike and K. Wilhelm, who participatedin an editoiial
meetingthat helpedto improve the scientificcoheenceof this volumeandsetthe rules
for a consistennotation. Subsegantly, K. Wilhelm, C.D. Pike andJ. Lang splenddly
suppaoted the editors: they checledthe final manwscripts,andwithout thema lot of am-
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biguitiesandtypos and mary instancesf imprgper useof the Endish languagewould
have passedinroticed. M. Bogeis thanlkedfor Unix scriptsthathelpedin processinghe
manusdpts. Finally, we wantto thankthe SOHOProjectScientist B. Fleck,andhisteam
for their gred suppot andfor providing material.

Bern,August20@

Anuschla Paulum, Martin C.E.HuberandRudolfvon Steiger
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