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The SOlarandHeliosphericObsenatory (SOHO)is equipped with a suite of instru-
mentscapableof observig the Sunfrom the coreto the outercoraa. Several of these
instrumerts obsenre radiationin the vacwme-ultraviolet (VUV) wavelendgh range ,where
preciseandaccurataadianetric measuementsare of extremesignificarce for solarand
terrestrialinvestigations but, at the sametime, are very difficult to obtaindueto degra-
dation effects of most optical systemsundersolar ultraviolet irradiation Radiometric-
calibrationand cross-calibation mattershave conseqantly beenimportarn topicsfrom
theinitial plannirg phaseof the missionto the operatimal implementation. An attempt
will be madehereto summarizehe early requiementsandgoalsaswell asthe achieve-
mentsof SOHOIn this context. Although not all planscould be carriedout, the genera
pictureis vely encouwaging SOHO allowed us to make a major stepforward in solar
radiometry, in particdar of spatially-esohedstructures.

5.1 Intr oduction

Solarelectromagneticradiationin the VUV (10 nmto 200nm) is strondy absorled
in the Earths atmosplere[cf., Rees1989] Thedirectconsequeceis thatobserations
at thesewavelengtls areonly possiblefrom rocketsor spacecrft. Both for mary fields
of solarresearchfor exampe, elememal abundancestudiesandplasmadiagrostics)and
for anunderstandig of the processef the Earths atmosphee, it is of vital importance
that the radiationbe measuredjuantitatvely. Spatially-resoled spectralradiancemea-
suremets have to be obtaired for mostof the solarstudies,whereasspectralirradance
dataareneededor terrestrialapplicdions.

Theearly history of solarVUV radianetry, in particdar from instrumentson the Or-
biting SolarObsenataies (OSO)andthe Skylab mission,is charactered by significart
progessin obtainirg radiane andirradancedatawith betterandbetteraccurag [e.g.,
Dupree and Reees 1971; Huberetal., 1973 Ree&eset al., 1977; Hinteregger, 1977
HerouxandHiggins 1977 Scdmidtlke etal., 1993. However, it alsobecamevidert [e.g.,
Ree&esandParkinson 197( thatsomelong-termobsenrationsin thisrange wereplagied
with severe resposivity deterigation,whichatleastin onecaseBruner, 1977; Woodgate
etal., 1980 amouniedto lossesof factorsof tenwithin days.To copewith this difficulty,
two comgementarystrat@ieswere developed: (1) onedevisessophsticatedmethod of
monitaing the degracdation and thus maintainirg an establishedadionetric-calibation
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status,and(2) onediscorersandundestandsthe proesseghat leadto the degradation,
andthenemplgys appopriateproceduresanddesigncon@ptsto eliminatethem.

At the beginning of the developmentphaseof SOHO, afterthefinal instrurmentselec-
tion in 1988 the time wasripe to follow the route of the secondstratey, while, at the
sametime, perfaming careful calibration trackirg. The degradationproblen hadbeen
clearly identified on mary occasionsnot only for spaceaift, but alsofor synchotron
applicatiors. The pracessegespomible for it had beendescribedas a combnation of
contamiration of optical surfaceswith hydrocabonsandotheroutgassingprodiuctsfrom
structuraklementsfollowedby photeactivatedpolymerizationunderUV irradiation[cf.,
Austin 198; Boller etal., 1983; Kentetal., 1998, 19%; Sdihle, 1998]. Thusa proms-
ing stratgy wasto eliminatesourcef contamimation andoutgassingwherever possible
andto moritor quanitatively andcontinwuslyary thatmayunavoidably be presentThis
apprachwasadoptedor SOHOandis fully describd in the contrilutionscoveringthe
cleanlinessaspectf the spacecraf[ Thomas 20®] andthe instrunents[Lang et al.,
2002 Sdthle etal., 20@]. The cleanlinesgequrementswere,however, not partof the
SOHOAssessmenstudydatedSeptembe 983, andwereonly briefly mentioredin the
joint ESA/NASA SOHOAnNnowncemenbf Oppatunity (AO) of March1987. They hadto
bedefinedn detailby theinstrument andspacecrafteams As we will seein thefollowing
sectionstheseende&ourswereextremelysuccessful With a few excegions, which will
bementioredbelan, the SOHOVUYV instrumens did notshawv ary long-termdegradation
of their radionetric responasiities under nominal operatimal condtions.

We will discussonly the solar VUV instrumeits on the SOHO spacecraftnamely
CDS (Cororal DiagnosticSpectraneter),EIT (Extreme-ultr&iolet Imagirg Telescope),
SEM (Solar Extreme-ultraviolet Monitor), SUMER (Solar Ultraviolet Measuremets of
Emitted Radiation),and UVCS (UltraViolet CororagraphSpectromter). SWAN (Solar
Wind ANisotropies) althoughanH 1 Ly-« instrument, looksaway from the Sunandis not
includedin this repat. For areview of the history of the SOHO missionin gereral see
Huberetal. [1996].

5.2 Scientific Requirements

5.2.1 ProposalPhase

The scientificrequiementsasfar asVUV radiometry wasconcered werediscussed
during this phasen a seriesof meetingsstartingin 1986— before the SOHOAO in March
1987- andcontinung until the endof 1987, shortly beforethe submissiordeadlinefor
the revised propasalson 8 Januay 1988 Someof the meeting were quite eventiul as,
for instancethe sessionn Januay 1987 whenmary potetial participantswerestranded
somavhere in snav-hit Paris, andthoseactually presehin Verrieres could not take off
their coatswithout freezirg to deathin the old Vauban castle.

It wasrealizedearly on in thesediscussionghat the radiametric calibrationwas not
the only calibrationtaskat hand Wavelengthmeasuementstelescopeandspectroneter
spatialandspectralresolutiors, aswell as poirting perfamancewereintimately related
to the absolutecalibration This wassummarizedy PeterMcWhirter in notestaken at
themeetingheldin Parison 23 and24 April 1987 For theradionetric work itself, it was
suggestedo considera typical relative standad uncetainty of atomicdataof ~ 10% as
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a guide, andaim for relative uncetaintiesof the obsenations between25 % and 30 %
at the short-wavelength range andratherbetterperfamanceat longerwavelengtts. All
uncerténtiesaregivenhereasrelative standardincerténties, unlessspecifiedotherwise.

Basednpastexpeiience severedegradationof therespomsivity wasexpectedn flight,
in particdar for norma-incidene instrumens. Monitoring of the calibrationstatuswas
suggestetb beperfamedaganstwell-calibratedspacecrafinstrumers (e.g, SUSIM, the
SolarUltraviolet SpectralrradanceMonitor on UARS, the Uppea Atmosphee Research
Satellite)andcalibration rockets. In addition,internalchecksandcross-calibation might
be possibleusingatomic physics dataon brancling ratiosandotherline ratiosnot very
sensitve to the sourceplasmacondtions.

Synchotronradiationwasidertified asthe primary radionetric standardin particular
from the SuperACO positronstoragering at the Laboratare pourI'Utilisation du Ray-
onnenent Electromagrétique (L.U.R.E.)in Orsay the Synchrdron Ultraviolet Radiation
Facility (SURF-II) at the Nationallnstituteof Standard andTechnolgy (NIST), andthe
Berlin ElectronStorageing for SYnchotronradiation(BESSY]), but the needfor trans-
fer standard was alsorecogiized. It wasthoudt that both individual commnentsand
thefully-assembledhstrumers hadto beradionetrically calibraed. Theserequiements
formed the basisof the VUV calibrationplansin the SOHOproposalsof Januaryl 988 In
addition thedesirabilityof are-calibratian oppatunity betweerinstrunentdeliveriesand
launchwasstressedA directradiametricin-flight calibration usingtransferstandard was
alsoconsideed, but it wasfelt thatit couldnotreliably beimplemente within the projed
constrais (see however, Section5.5for detailson thein-flight calibratior).

5.2.2 Definition and DesignPhases

In someof the SOHO proposals theaetical supprt groups wereidentifiedas Asso-
ciateScientist(AS) teams.Thesegroupsplayedanimportantréle in thedetaileddefinition
of thescientificrequrements The SUMERAS teammetin Parisin Junel988for thefirst
time, followedby a CDS/SUMERsciencevorkshopin Oxford in Septembe Sincemary
of the participantswereinvolved in both the CDS andthe SUMER investigdions, and,
morewer, a closecoadinationof the CDS and SUMER scienceplannirg washighly de-
sirable,the following meetingswere held as Joint CDS/SUMERScienceMeetings. On
mary occasionsyadionetric-calibation topics were on the agené and thosemeeting
areincluded in Table5.1, which lists all meetingsrelevantin this context held after the
SOHOAO hadbeenissued.A specialcalibrationpanelchairedby P. McWhirter (at the
first IMAS meetingn Februay 1989 cameupwith arepat, concluingthatrelative stan-
darduncertaintiesshouldideally belessthan20 %. A realisticaim appearedo be 35 %,
and50 % would be the lowestlevel worth attemptingfor solarradiomnretry. It shoud be
noted,however, thatfor planetaryapplicatiors uncertaities of the irradanceof lessthan
5 % wererequred. Notice alsothat, in narrav wavelendh rangesline ratioscanbe de-
terminedwith smalleruncertaintieswithout involving absoluteradianetry Therequred
or anticipatel, andlaterachieved, radiametricuncetaintiesasdocunentedin meetingre-
portsor theopenliteratule aresummaizedin Table5.2 Thewayssuggstedo obtainthe
requiedaccuacieswere:

(1) extersive labomtory calibraion with secondry standarddraceale to primary stan-
dards;(2) cross-calibation (called herealso “inter-cdibration”) on SOHO andwith in-
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Table5.1: Meeting Relatedto SOHOCalibrationandInter-calibrationActivities.

Date Place Meeting*® andRemarks
23/24 Apr 1987 | Paris Promsalpregaration;atomicdata~ 10 %°
21/22Jun1988 | Paris 1stSUMERAS Meeting;requirenents
29/30Sep1988 | Oxford CDS/SUMERScienceMeeting;requirenents
7/8Feb1989 | Lindau JMAS-1; calibration pané repot
11/12Jul1989 | Berlin WSVUV-1; HCL andmirror chamlers

5/6 Oct1989 | Abingdon | JMAS-2;uncetainty 20 % ervisaged
5/6 Nov 1989 | Noordwijk | SICWG-1;irradiarcefor terrestrialuse5 %
14/17 May 1990 | Noordwijk | SICWG-2;cleanlinessmportant
22/230c¢t1990 | Berlin WSVUV-2; SUSIMirradiarce comparison
25/260c¢t1990 | Lindau JMAS-3;uncetainties20 % to 30 %
27+30Nov 1990 | Noordwijk | SICWG-3;stars;SEM recanmendtion
3Jun1991 | Noordwijk | SICWG-4;HCL: uncetainty < 20%
18Nov 1991 | Noordwijk | SICWG-5;repot on SUSIM degradation
15-18 Jun1992 | Killarney SOHO/ClusterCDS/SUMERcalibration
21-230ct1992 | Orsay JMAS-5; absolutevavelengtts: 20 pm
25/26Jan1993 | Noordwijk | SICWG-6;calibrationreheasals
22-24Nov 1993 | Abingdon | JMAS-6;purgedirectlyto instruments
24/253an1994 | Noordwvijk | SICWG-7;uncetaintiesconsideed
13Jun1994 | Portsmoth | SICWG-8;repot onsomeanonalies
3-50ct1994 | Greenlelt | JMAS-7;calibration rockets;UARS/SOLSTICE
11+13Jan1996 | Greenkelt | SICWG-9;inter-calibrationJOPs;Spartan
9Feb1996 | Greenlelt | SICWG-10;Intercal-1,Intercal-9
17May 1996 | Greenlelt | SICWG-11;Intercal-2: No He1i full disks

310Oct/1Nov 1996 | Berlin WSVUV-3; first resultspresented
5-7Nov 1996 | Orsay JMAS-9;lastmeetingof this series
13/14Nov 1997 | Orsay WSVUV-4; contirue Intercal-1androckets
29/30Mar 1999 | Berlin WSVUV-5; inaugurationof BESSYII
12/16Feb2001 | Bern WSVUV-6; review SOHOcalibration tasks
8/120ct2001 | Bern WSVUV-7; contiruationof WSVUV-6

a JMAS: JointMeetingof AssociateScientistf CDS/SUMER);

WSVUV: WorkShopon VUV radionetry andinter-calibration;

SICWG: SoHO Inter-Calibration Working Group

b JMAS-4(2 to 4 Octobe 1991, Nice) andJMAS-8(19to 21 Septembr 19%, Oslo)did

notcover calibration aspects.

¢ This relative standarduncertinty wasoriginally relatedto brancling ratios,which may
evenbe known to 5 %. Doubets shouldbe accurge within relative deviationsof 10 %

anddensity/temperaturensensitve ratiosfor eachion within ~ 20 %; ratios,in general,
canbe expededto have relative uncertaintiesof asmuchas30 % [H.E. Mason,persond

commuication, 2001].

d SOLSTICE:SOLarSTellar IrradianceCompaison Experinment.



5.2. ScientificRequirenents 5

Table5.2: Relative Standad RadiometridUncetaintiesin Percen{%] 2°.

Phase/DocumefChannel HCL CDS SUMER | UVCS EIT SEM®
1987 pre-propcal 20 25...30 <25 20 - -
1988rev. 1 of proposals 25 25...30 30...50 20 - -
1989earlydevelopment 13 <20...35...50 ~ 10 ~ 100 -
1988/ early ColouredBooks | 15...20 <20 <20 20 - -
1991/ calibrationplans 10 <20 15...30 | 12...15 - <10

1994/% final ColouredBooks 6...8 - <20 - - -

1993/% laboratorycalibration | 6...7 ~ 30 15 16 60...150| 10
unvignetted - - 11 - - -

1996/38 in-flight calibration - - - - 15(He) 10
CDS-NIS - 15...29 - - - -
-GIS - 45 - - - -
SUMER- DetectorA - - 15 - - -
— DetectorB - - 20 - - -
UVCS—-H1 « andOvi - - - 20 - -

1998/2001in-flight calibration - - - - ~ 20 10
CDS-NIS - 20...30 - - - -
-GIS - 45(TBC) - - - -
SUMER- DetectorA - - 33 - - -
— DetectorB - - 36 - - -
UVCS—HI Ly « andOvI - - - 20 - -

@ Radiometricuncertaintiesare given for the prime wavelengthranges(for further detailsseetext
and/orthe corresponihg instrumentcontritutions). Bold face:valuesachiezed aspublished

b Solarirradianceinstrumenton UARS reportrelative uncertaintie®f 2 % to 5 %. Foracomparison
with stellarastronomy:the EUV Explorer (EUVE) calibrationplan specifiesa relative uncertainty
of 25 % (3 o), which correspadsto a coverage factorof k = 3, the Far-Ultraviolet Spectroscoic
Explorer(FUSE achieved anin-flight performanceof ~ 10 % relative uncertainty{Sahrow etal.,
2004, but experienceda change of the effective areaby a factor of about0.95 over a period of
four months[Mooset al., 2000]; the InternationalUltraviolet Explorer (IUE) relative radiometric
uncertaintiesare~ 10 % with final adjustment®f 4 % to 10 % [Nicholsand Linsky, 1996].

¢ SEMwasaddedto the SOHOpayloal in 199091 [McMullin etal., 20020].

strumentson other spacecrdf (3) calibration rockets, and (4) compaisonswith stellar
sources.

It was also notedthat good co-alignnent, knowledgeof the polarizdion properties,
cleanlinesstandads, andwavelengthstability wereof greatimportancein achiezing the
radiometric-calibraion goals. Theserequiranentswere eventually adoptedin the CDS
“Blue Book”, theUVCS“Y ellow BooK’, andthe SUMER“Red Book” (first drafteditiors
by Harrison[1983], KohlandNoci[1989], andWlhelm[1990]). TheBlueandRedBooks
were subsequetly revised quite often, mostly as a conseqanceof the deliberdions at
the JointScienceMeetings,but the radionetric requilementsdid not significarly change
until the launchof SOHOon 2 Decembe 19%. In generalthe Blue, Yellow, and Red
Books provided a wide exchangeof information aboutthe instrumentsn nontechnicé
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formas andhelpedduring the prepaation of the obsevations. They will bereferedto as
“Coloured Books” here

Radioméric-calibratian issuesof SOHOInstrumerts werespecificallytakenup by:
(1) aninter-calibrationworking group chairedby JohnKohl, and(2) workshopson spec-
troradometry,

The SICWG was setup by the SOHO ScienceWorking Team(SWT) of the SOHO
principal investigators and the worksh@s were organizedon an ad hoc basis(see Ta-
ble 5.1). The SICWG preparedthe SOHO inter-calibration actiities by definingseverd
inter-calibration JOPs(Joint Observig Progranme) and monitoling the flight schedule
of calibration rockets(Table5.3), which were carriedoutin suppat of SOHO, but man-
agedindependently and,in mary caseswith additionad scientificobjedives. The pané
repeately emphasizedhe needfor stringentspacecrafiand instrument cleanliressre-
quirenents.Repots thattheresposivity of the opeationalchanrel of SUSIM decreased
by afactorof 1.3within daysdemorstratecthe urgeng of suchmeasuresTheworkshops
on spectroadionetry discussedheinstrumentalibrationandinter-calibrationaspect®n
a broaderscopeandalsocoveredthe particdate andmolecularcleanlinesgequiements
of the mission. The first worksh@ took placein Berlin on 11 and12 July 1989 where
the participarts outlined the calibrationconceps of CDS and SUMER basedon trans-
fer standardsourcegHollandt et al., 1993 consistingof Hollow-Cathale Lamps(HCL)
[Danzman etal., 1983] andcollimatingmirror chamlers.

5.3 Radiometric Calibr ation before Launch

In this section,no attemptwill be madeto cover all aspectselatedto the calibration
effort of the VUV instrunentson SOHO.Rathersomeeverts or factsdirectly relevart to
thisreview will bepresentedFor furtherdetailstheinstrurrent-relategublicatiosshould
beconslted[Cletteetal., 2002 Gardrer etal., 20@; Langetal., 20@; McMullin etal.,
2002a; Wihelmetal., 2003. Hollandt etal. [2007 discussvUV radionetric-calibation
mattersin geneal. Someintroductory remaks referrirg to morethanoneinstrunentare
relatedto the cleanlinesgonceps.

Beforethe beginning of the instrumen developmen phasejt wascommonwisdom
thatradiametric-responsiity degradationwasunavoidablein theVUV range aswasmen-
tionedabove. Even afterthe SOHO cleanlinesgprocedireshad beendefined,therewas
no proof thatthey would eliminatethe problem or at leastimprove the situation. It was
thusfelt that, in orderto maintainthe laboratey calibrationfrom instrumen delivery to
operatim in spaceare-calibationjust befole launchwasrequirael aswell aspurging di-
rectlyto theinstrumentsonthespacecraftintil lift-of f. Thepurgingwasimplemente [cf.,
Thomas20@]. However, whenin August 1993ESA anrouncedthattherewould be no
re-calibationslotsfor the VUV instrunentsbeforelaunch it wasthough thatthis would
have anadwerseeffectontheircalibrationstatudn flight. Only in thecaseof UVCSdid the
final calibrationoccursix months befae launch Fortunately for all the VUV instrumers
thepre-flight calibratiors by andlarge neverthelessemairedvalid afterlaunch
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Table5.3: Payload Launched? to Verify SOHOCalibratiors.

Date TimeP | Payloadd Remarle®
26Jun19% | 19:00 | Cal-SO-2 (30.4 + 4.0)nm: uncetainty 8 %;
moritor spectrakesponsiity of SEM
15May 1997 | 19:15 | EGS,XPS uncertainty6 % to 10 %; CDSupdate;
MXUVI Feix/x (17.1nm); EIT, TRACE
11 Aug 1997 | 18:18 | Cal-SO-3 calibraion updatefor SEM/SOHO
160ct1997 | 19:00 | EIT CalRoc | EIT degradationcorrection
andflat fielding
18Nov 1997 | 19:35 | SERTS-97 uncertainty < 25 %; with EM (0.1to 50) nm
usedfor CDS-NISandEIT updats
31Jan1998 | 04:30 | XDTf Fexiv (21.13 nm)imagesDopplegrans
1Nov19®8 | 21:49 | UVCS calibrdion updatefor UVCS;
—3Nov 198 | 12:45 | Spartar2019 | uncertainty25 %
2Nov 1998 | 18:20 | EGS,XPS validaed SNOESXP calibration
MXUVI Feix/x (17.1nm)images
24Jun199 | 17:00 | SERTS-99 uncertainty25 %; with EM
18 Aug 199 | 18:05 | Cal-SO-4 calibrdion updatefor SEM/SOHO
26Jul200 | 18:00 | SERTS-00 uncertainty25 %; with EM

aXDT launchedrom Kagoshina, all otherrocket payload launcted from White Sands.
b |n Coordinaed Universal Time (UTC).
¢ Payloadnames:

Cal-SO Rocketundcerflightsfor SOHOcross-calibation

EGS Euv GratingSpectrgraph

EM Euv monitor (simplified SEM) to updateSEM/SOHOchamel 2

HRTS High ResolutionTelescopendSpectrogaph

MXUVI  Multiple XUV Imager

SERTS SolarEuv ResearciielescopandSpectrgraph

SNOE  Studem Nitric Oxide Explorer

SXP SolarX-ray Photoméer

XDT Xuv Dopger Telescope

XPS XUV PhotaneterSystem
d The SERTS-96flight on 13 November1996at 18:30UTC andthe HRTS-10flight on
30 Septembr 199720:10 UTC arenot listed, becauseno radionetric calibratiors were
available.
€ Accuraciesg, areindicatedhereby their relative standarduncertaities, u, andnot by
a=1-u.
f Detailson XDT have beenpubishedby Saka etal. [1999] andHara etal. [1999]. The
instrumenm was calibratedat compnentlevel. An initial comprisonwith EIT shaveda
factorof two lessin emissiormeasue.
9 Laurchedonthe SpaceShuttle.

5.3.1 CDS

The CDSteamconcluedthatthe only viable methodfor pre{aunchradiometic cal-
ibration was a transferstandardraceableto a synchotron radiationfacility as primary
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sourcestandard At the first WSVUV in July 1989 this con@ptwasoutlinedanda co-
ordination with the SUMER calibrationwas agreed The HCLs later emplged for the
SOHOinstrunentcalibratiors perfaomedevenbetterthananticipatedat thattime: a typi-
cal relative stability of 2.5% wasachiezed over 40 h with onegasand5 % aftera change
of gas. The grazirg-inciderce telescopeof CDS requred a collimating mirror different
from thecollimatorfor SUMER, but the HCLs andthe geneal schemesverethesame.

In total, twenty-rine emissionlines were selectedcoveling the spectralrangeof the
instrumen. The transfersour@ was calibratedagainstBESSY | in thesespectrallines.
After an end-toend calibrationof CDS, the sourcewasreturnedto BESSY for a post-
calibration For the NIS-2 waveband the cormparisonof the predaunchestimatesf the
efficienciesof thecompmentswith measuredesposivities of theinstrument wereclose,
whereador NIS-1 andNIS-2in secondorder the deficienées werea factorof ten. They
are attributedto prodems with the measuredietectorquartum efficienciesusedin the
estimate For thefour GIS chanrelsthecompaisonyieldsabou afactorof twenty, noting
that the estimatedor the pre-launch sensitvities of the compnentswere much poaer.
The relative uncetaintiesin the laboratoy measuremntsof the responsiities for both
GIS andNIS wereestimatedat around 30 % [seeLangetal., 2000, 2002]

5.3.2 EIT

Thegrourd-basegrogrammeprovideda completecalibrationof the EIT systen{De-
fiseetal., 19%], but time constraintduring the integration scheduleand difficulties in
combiring it with the priority schemeof a large synchrotronfacility, aswell asthe sub-
stitution of a new detecto (Tektranix, thinnedbackside,backilluminated CCD sensor)
afterthe endto-endtest(usingsilicon diodescalibratedat NIST) reducel the validity of
thepre-flight charaterization[Defiseetal., 1998 Cletteetal., 2003. Conseqantly, Dere
etal. [2000] suggestedfor instance formal relatve combined standarduncetaintiesat
theendof thelaboratay calibraion of (60,70,and75) % for the (19.5, 28.4 and30.4)nm
chanmels, respectrely.

5.3.3 SEM

Themainpurposeof the SEM instrumen [Judge etal., 1999 is to measue with high
precisionandaccurayg the solarirradancenearthe prominentHell emissionline in the
wavelengthrange(30.4+ 4.0)nm (Chamel 1), but it alsomornitors the wavelengthband
betweerf.1nmand50 nm (Channé?2). It hasbeencalibrate with Beamline2 and9 at
SURF-Ilwith typical relative uncertaintiesof 5 % for the 30.4nm channeproviding solar
irradiarces,after the convolution neededwith an uncetainty of 10 % [McMullin etal.,
2002]. A typical value for the broal-bard chamelis also10 % [Judge etal., 1999.

5.3.4 SUMER

The re-cdibration idea,which hadto be abandnedin 1993 hadbeensuggestedor
SUMERDby ESAin astatugeview in Octoberl991andhadbeentheagreedcenarisince
November1991. The origind planto calibratethe assemblednstrument at the Super
ACO facility wasalsonot carriedout, becase it wasfelt that cleanlinessand schedule
constraims would lead to severe difficulties. The contiolled attenugion of the intense
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synchotronradiation wasanotter prablemarea.The methodfinally adoptedat WSVUV-
1, in cooperationwith CDS, useda transferstandardsoure consistingof a lamp (HCL)
attachedo a chanber with a sphericalconcae scanmirror. A total numkber of thirty-
two emissionlines was calibratedin the wavelengthrangefrom 53.7nmto 147.0nm at
BESSY I. The souce was also successfullycompaed with a diode calibratedat NIST
[cf., Hollandt etal., 2003. Theresposivities of bothdetectos of the SUMERIinstrumen
werevery similar, but that of detecto B, whenopeaatedat nomiral gain,geneally wasa
factorof ~ 1.2 higherthandetecto A. Theactualresposivities found werebetweerD.65
and1.35 of thepredction basedn sub-systermeasuementdWlhelmetal., 1995. The
relative uncetainty of the SUMER laboratay radionetric calibration was11 % [Hollandt
etal., 19%].

A specificfeatureof this calibration wasthat the calibraed beamwas not vignetted
insideSUMER(cf., Table5.2). Apertuesandstopstherebrehadto betakeninto accoum
separatelyn evaluatirg the throughpu of the instrumemn [Wihelm et al., 20]. To ver
ify theimagingpropeties of the telescopeit wasnecessaryo fill the whole apertue of
SUMERwith a collimated,evenif uncalibrated,beam This wasgeneatedwith the help
of theSpectralandAngularResolutionJV Tube(SARUVT). It shoud be mentioredthat
the end-teend calibration was perfomedunder extremetime pressurewhich hadbeen
causedatleastpartially, by alate chang of thedetectorsystem.

Thesensitvity to the stateof polarizatio of theincidert radiationcouldnot be deter
minedfor the assemblednstrunent. An engineeng mocel of the planemirror andthe
hologaphicgratingwasusedto determire the effectsof thesepolarizationsensitve items
atthe SuperACOfacility [Hassleretal., 1997].

5.3.5 UVCS

Thedevelopmentprogrammeof UVCS relied on compnen calibratiors andanend-
to-endcalibrationaswell asarigorous contanination contol programmeto limit opticd
degradation. UVCS wasdeliveral to ESA for spacecrdfintegraion with its endto-end
behaiour unchaacterizedandwithout flight detecteos). While at ESA, theflight detec-
torswereinstalled,the diffractiongratings werereplacedtheH | Ly-o chamel telescope
mirror wasreplacedandthe O vi-chanrel mirror cleaned.In JuneandJuly 1995 UVCS
wasretumedafterspacecrit-level testingto laboratoiesatthe SmithsoniarAstroplysical
Obsenatay. There overaperiodof about32d, the UVCSwasradiomerically calibrated
end-teendandits stray-lightrejectionmeasued.

TheUVCS radianetricrespoisewasmeasurecgairst secondry phaodioce (cesium
telluride and aluminum oxide) standardgrom NIST [Gardrer et al., 199%]. Radiation
from a gas-dischaye radiationsourcewas pre-dspersedisinga monahronator. A sin-
gle bright spectraline wasfocusedontothe exit slits. Theradiation passinghrowgh the
slits (andthroughinsertalte filters of known attenuatio) wascollimatedby a4.6 m focal-
lengthmirror anddirectedthrough the UVCS instrument apeture andonto its telescope
mirrors completelyfilling the portion not covered by the launchlockedinternd occulter
[Gardrer etal., 20@]. Thatportion whichis the oneusedfor obserationsat 2.7 solar
radii from Suncentre wasthe only partof theapeturethatcouldbe calibratedduring the
end-teendmeasuements.Theradiarce wasfound to be uniform with relative variatiors
of lessthan10 %. The UVCS entrare slits were opered sufiiciently to passall of the
radiationin thatimagetowards the gratings whereit was dispersecandfocusedonto a
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detector The countirg ratesregisteredon the detectoraverecompaeddirectly to the out-
putof theNIST photaliodes therebygiving the systenmresponsiity. Measuremets were
madefor bothUV chanrlsat severalwavelendghsnearthe centresof theirintendedoper
atingranges.Therelative standad uncetainty for eachof the radianetric measuements
was16 %.

Labaatory measuementson gratirgs replicatedfrom the samemastersasthe flight
gratings, togetterwith in-flight data(seeSections.5) have allowedextensionof theresults
from the labortory calibrationto all telescopeapertuesavailableto UVCS [Gardrer et
al., 200Q 20@@].

5.4 Inter-calibration Plansand Achievements

Whereadabomtory calibrationswereto alarge extentthe tasksof the variousinstru-
mentteamsjnter-calibraion couldonly be attemptedisa coogerative effort. Most of the
meetingdisted in Table 5.1 therefoe hadinter-calibration items on their agemas. The
discussionded to the definition of SOHO inter-calibration JOPs,namedICAL, which
will be summarizd here(all procalurescanbe foundonthe SOHO operatims pagesat
htt p: // soho. nascom nasa. gov). Someof themhave beenwidely used. Others
werejust definedfor a specialoccasionand were either successfullyexeaited or aban-
doned Additionally, variousotherinter-cdibration actwities have beenperfamedthatare
notunder the formd ICAL listings andform the basisfor someof the resultsrepatedin
thisvolume. It is worthnotingthatdatatakenatreguar intervalswith standardiedobsev-
ing sequenes, suchasrefererme spectrafull-Sun rastersetc. (not necessarilydesigned
for radiametricpurposes) turnedout to bevery usefulin mary cases.

5.4.1 ICAL 01

The rootsof this JOPgo backto the SOHO AssessmenStudy ESA SCI (83) 3, of
Septembet 983 wherea wavelengthoverlapbetweerthe nomal-incicencespectroneter
(NIS) andthe grazirg-incidencespectromter (GIS) of the mocel paylcad was recom-
mende&. Suchan ovedap wasindeedsuggestedby the original CDS and SUMER pro-
posalsin July 1987 but it disappeaxd after the selectionin 1988 accordirg to the first
publishel list of SOHOinvestigationsn EOS,69,No. 13,0f 29 March1983. Fortunately
however, thefinal wavelengthchoiceof CDSin Decemier 1988againintroducedcomnon
wavelengthband with SUMER. This madecomparisonsbetweertheinstruments possi-
ble in the band: 656 nmto 78.5nm CDS GIS-4 (first order) with SUMER detectorA
(secondorder) anddetectorB (first orde); 51.3nmto 63.3nm CDS NIS-2 (first order)
with SUMER detectorsA andB (secondorde)). (The GIS andNIS instruments of the
SOHOmockl payloadshouldnotbe confusedwith the GIS andNIS chamelsof CDS.)

In the commonrangesthe bright spectralinesHe1 58.4nm, Mg x (60.9, 625) nm,
andNevii1 77.0nmareavailablefor CDS/SUMERcross-calibations.In 1994thedetails
of thewavelengh selectiorandtheprocedirefor ICAL 01werediscussedby theSICWG,
before theagrementwasreactedthatlCAL 01shouldbeanon-dsk comparsonof quiet-
Sunregionsaimedatgoodcountirg statistics.CDS,SUMER,EIT, andlaterthe Transition
Region and Corona Explorer (TRACE) participatedin mostof the runs, whilst UVCS
perfamed on-dsk obsenetions only a few times. In 1996 and 1997 UVCS/SUMER
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cross-calibationsat N v 1238 nmwerewell within the uncetainty mawins, with UVCS
indicatingradiarcesabou afactorof 1.18lessthanSUMER. SinceAugust1999 theOv
63.0nmline hasbeenincludedin thelICAL 01 sequene.

Dataobtainel on a reguar basiswith ICAL 01 wereanalysedo investigae in detail
the CDS/SUMERcross-calibrdon aspectgPaulum et al., 1999 2001a, b]. The agree-
mentwas, in generd§ within the combired uncertaities. An important resultwas that
the variatiors of the radiarcesmeasuredby bothinstrunentswerehighly correlatedand,
conseqeantly, musthave beenof solarorigin. The SUMER obsenationswerealsoused
to studythecalibrationchangsduring thelossof attitudecontrd in 1998[Wlhelm etal.,
200Q Sdihleetal., 200a], andthelong-termvaiiability of quiet-Surradiance [Sdiihle
etal., 2000b]. No puHdishedradionetric comparisonwith TRACE is known.

5.4.2 ICAL 02

The planwasto transferSEM irradiarce dataof the Hell 30.4nm chanmel with the
help of EIT imagesto small regions on the Sunfor CDS updates. In additin, the EIT
resposivity shouldbe mappedby a full CDS raster It was also hopedthat the results
couldbetransferedto longerwavelergths(SUMERandUVCS).ICAL 02did notproduce
the expectedresults,becase the large band@mssof SEM (cf., Section5.3.3, with the
accomparying varietyof spectralinesotherthanHe11 30.4nm, limits adirectcompaison
of the SEMirradiarcewith thesingle-lire radiancemeasuementsf CDS. The CDSfull-
Sunrastershave not provenvery usefu in providing flat-field informationto EIT dueto
the differing platescalesthe undersamplingby CDS, andthe timing difference(x 12 h
for afull-Sunscanasoppcedto 30 s for anEIT imagg.

CDS/SUMERIrradiancecomparisonshad beenperformedin 19% and agreedwell
within thecomhbineduncertaity estimategor Hel 58.4nmandMg x 62.4nm[McMullin
etal., 20@b]. For Ov 630 nm, however, CDS obsevedirradianeswerelower by abou
afactorof 1.35than SUMER. Both instrumen evaluations agreedon the centreto-limb
variationin thisline (~ 4). TheseOv obserationsarejust compatitbe within the com-
bineduncertaity margins.

5.4.3 ICAL 03

This JOPwasalsomeantto conparefull-Sun dataof SEM, EIT andCDSat30.4nm.
It was not exeauted, becase the load on the CDS detectorwould have beentoo high.
Thompsoret al. [2007 presenttompaisonsof irradancemeasurmentsby CDS — tied
to EGS1997(cf., Table5.3)— with SEM andEIT, which appearto achieve the goalsof
ICAL 03,albeitwith adifferentmethodnvolving adifferential emissiormeasurenalysis
of the CDS andEIT data.For CDS, differential emissionmeasueswereusedonly to fill
in the SEM bangassbelov 30 nm. CDSirradiance arelower by 1.05to 1.15 thanSEM
values(usinga fixed spectrum andfactorsof 1.05to 1.3 lower thanthoseof EIT. CDS
andEIT give consistentesultsonthesumof theHell andSixI contibutionsto the SEM
30.4nmchanmel [Thomonetal., 20@; McMullin etal., 20@b].
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5.4.4 ICAL 04andICAL 05

TheseJOPswereaimedat CDS/SUMER/EIT/MDIalignmentandresponsiity cross-
calibratiors. Both goalsare now incorporatedin the final ICAL 01 sequence Without
specificpointingadjustmets, typicd misalignmets of theinstrumems werefound, in line
with expectations,to belessthan10”. This couldbeimproved by anorderof magntude
by corrdating imageswith solardisk structurs or thelimb.

Brynildsenetal. [1998] perfamedanearly CDS/SUMERradiancecompaisonin the
Ov 63.0nmline andfound a factorof 1.5to 2 morewith CDS. Paulthn etal. [2001b]
studiedtheO v 63.0nmline in moredetailandfoundagreementwithin relative deviations
of 15%. Variatiors of thesolarradian@ dominateoverinstrumenal effectsin thisspectral
line aswell asin theotherlinesobseredduringlCAL 01. However, in latercompaisons,
CDSradiancesppearto belower by 1.31 [Pauuhn etal., 2002] Thesefindingsarethus
consistentvith theirradanceresultsin Section5.42.

5.4.5 ICAL 06

Three SERTS payload [Neupertetal., 199] werelauncledin theyears1997to 2000,
which alsocarriedan SEM-type instrumen for obsenationsin thewavelengh bandfrom
0.1 nmto 50 nm (seeTable5.3. Theseflights spanthe periad of the attitudeloss of
SOHOandcanbe usedto studythe chan@s of the spacecraftnstrumen responsiities.
SERTS coversa band@ssfrom 29.9nmto 35.3nm. A radioméric calibrationwasper
formed betweerflights with the re-calibatedCDS transfersoure standad andprovided
arelative uncetainty of 25 % for theinstrunentresponsiity, confirmed by density and
temperatte-insensitre line ratios. The SERTS-97 rocket undeflight formed (togeher
with EGS,seeSection5.4.10) the basisfor the mostrecen CDS NIS-1 responsiity de-
termination in first orde andfor NIS-2in secondrder SinceSERTS aswell asCDS can
clearlyresohe the strongSix1 andHeli linesat 304 nm, this alsogivesinformationon
the spectracompasition of the EIT andSEM 30.4nm chanrels, in additionto the results
repotedin Section5.4.3. Compaisonsof SERI'S-97obsenaionswith EIT arepresently
ongang.

5.4.6 ICAL 07

Since1996 SUMER and,in particdar, UVCS have carriedout mary obsevationsof
bright, hot starscloseto the ecliptic plane. The SUMER measuremntsof « andp Leo
near125nm agreedvery well with the correspondimg laboratay calibrationandcanbe
taken as verificationthat no responsiity lossoccured during the spacecrfi integration
andthelaunchactiities. At longerwavelengtls the stellarcalibrationbasedon IUE (cf.,
Table5.2) wasadoptedor SUMER, becageno reliablegrourd calibrations were avail-
able. In this range,stellar obserations also provided information on the resposivity
changsin 1998 [Lemaile, 2003.

UVCS hasobseredappoximatelyfifteen starsaswell asthe planetJupiter Included
arethe starsoe andp Leo alsoobsenred by SUMER. Inter-comparisonof the two instru-
mentcalibratims usingthosestarsis progressing Gardner et al., 20@®; Lemaite, 2003.
Severalof the otherstarshave beenobseredby instrumetsaboad otherspacecrdf(e.qg.,
IUE, Voyager andFUSE).In geneal, the relative variatiors of irradianes measuredy
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UVCS andIUE arelessthan10%. A compaison of the UVCS OvI channérespose
to thatof Voyager, obseving the start Tauatwavelengtts shortethanwaspossiblewith
IUE, shavsrelative agreemetto within 20%. Theirradiarce of Feige110 awhite dwarf
starmeasued by UVCS in Februay 2001 near100 nm, hasbeencompaed to measure-
mentsmadeby FUSE.Relative agreemenis found to within 15%. Yearlyobsenrationsof
thebright star§ Scohave beencarriedoutwith nealty idertical instrumei configuratiors.
They shav irradiarcemeasurerntswithou trendsandrelative variatiors of nomorethan
5 % overtheelapsedSOHOmissiontime.

5.4.7 ICAL 08

This procalurewasnot definel.

5.4.8 ICAL 09

ThelCAL 09procedureattemptedo inter-calibrateUVCS andSUMERwith acormal
streamemearthe eastor westlimb. It was perfomed several timesin 1996 with the
participation of both instruments. This intercalibration was not successfubecauseof
the strongradial gradien of the radiarce which, for a reliable compaison, requred a
very goodspatialcoaligymentof the field of view. This could not be ascertainedn the
featurelesgoraal streamer

5.4.9 ICAL 10

The radioméric cross-calibation of SOHO instrumens with the High-RESolution
EUV spectrokliometer(HIRES) could not be carried out, becase the rocket paylcad
hasnotbeenlauncledyet.

5.4.10 ICAL 11

This JOPdescribes rocket payloadwith theinstrumems EGS,XPSandMXUVI and
theradiametriccomparisonswith SOHOand TRACE. EGS[Wbodsand Rottman 1990]
was calibratedusingBeamline2 of SURF-II. The relative uncerténty in the wavelergth
band25nmto 120nmwas6 % to 10 %. Five XUV phaometerdXPS) (radometers)n
therange 1 nmto 40 nm werecalibraed with 10 % to 20 % uncetainty. The EGSdata
wereusedto updatethe CDS calibration(seeSection5.5.7).

During theflight on 15 May 1997, SUMER obsenred spectraalongthe centrd merid-
ian, but wasnot opeiating on 2 November 1998, whenthe rocket payloal waslauncted
again.MXUVI obtairedFelx/x (17.1 nm)imagesfor compaisonwith EIT andTRACE
[Auchére etal., 2001].

5.4.11 ICAL 12

Thisinter-calibrationJOPspecifiegsherocketunderflightsin suppat of SEM andother
EUV instrumemationaboardSOHO.TheCal-SOrockets[Judge etal., 199] areequipped
with a solarEUV monitor represetative of SEM. It hasbeencalibratedusing SURF-II,
andtransmitsband nearHell 30.4nm andfrom 0.1 nm to 50 nm. The first flight on
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26 Junel9% obtainedanirradiancein phaonsat 1 AU (astrommical unit) of 1.18 x
10 m—2 s~ with arelative uncetainty of 11% in theband(26to 34)nm. A compaison
of this andthe following flights with SEM identified a modest amouwnt of degradation
in the spacecrf instrument,probably becase of a depositionof carba (contaired in
hydrocarton layers)on the optical surfaces.At SICWG-4,it wasrepotedthattherewas
anaveragerelative degradationof 5.5 % betweenpre-andpost-flightrocket calibratiors
of a silicon diode with aluminiumfilter.

SUMER obseredfull-Sunimages in the Hel 58.4nm line on 26 Junel996andob-
taineda phota line irradian@ of 1.02 x 10 m=2 s~1 with a relative uncertaity of
~ 16 %.

5.4.12 ICAL 13

Thefirst launchof the EIT CalRocproduced512 x 512 pixel imagesin all four EIT
wavebams. They have beenusedfor deriving SOHOEIT flat-field information[Defise
etal., 1998. In prepaing this rocket undeflight, testsshaved that therewasan EUV-
dosedepeenceo theelectricpoterial distributionin the CCD chaige-collectionregion.
Therocket flight providedinpu for the degradationcorrection, andindicatedcharmgesof
the multi-layer coatings. A secondaunchof the EIT CalRocis planred for 2002with
improved multi-layer sealing.

5.5 Radiometric Calibr ation in Flight

Inter-calibrationactiities play animpottantrdle in mostof the in-flight calibratiors,
and conseqeantly the inter-calibration chapterwas presentedirst. Thereare, however,
someaspectsyhich could not be adegatelytreatedin that cortext. Oneof themis the
chang in respomivity of the instrumeits during the attitudeloss of SOHOIn the year
1998

5.5.1 CDS

Three soundimy rocket paylaads (EGS, SERTS, Cal-SO;seeTable 5.3) on severd
flights provided relevant measuementsfor the CDS in-flight calibration A compaison
with the NIS-2 bandof CDS led to a relative uncetainty of 15 % at Hel 58.4nm and
25% ateitherendof theband[Brekle etal., 2000]. Consideationof thewide-slitburr-in
correction laterled to 18 % and29 %, respectrely [Langetal., 20@®]. The compaison
with NIS-1 at Mg 1x 368 nm uncovereda severediscrepany of afactorof 2.75, which
is interpretedasaneffect of anundetectednisalignmentduringground calibration.After
adoption of theMg 1x pointandafurther refinementwith the helpof a SERTS-97flight, a
relative uncertaintyof 15 % (in the SERT'S wavelendh range)to 25 % (closeto 368 nm)
wasassignedo theNIS-1 bard in first order. It shouldbenotedthatthe SERTS-97instru-
mentwas calibratedusingthe CDSHCL andits calibrationis thustraceabe to BESSY |
(seeSection5.45). ThelCAL 1 obsenations (CDS/SUMER)are beingusedto check
thelaboratay calibrationof the GIS-4 band(longestwavelengh) [Paulum et al., 2003.
The resultsof Landi et al. [1999 shaw that thereare no grossdeviations betweenthe
laboratey andin-flight relative calibratiors of the GIS detectos. Del Zannaetal. [2001]
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andDel Zanra [2002] appliedspectroscap methalsto achieve a relative calibrationof
all CDS channés. The incomoration of the resultsinto the CDS calibratian is still in
progess.

The SOHOattitudelossaffectedthe CDS chamelsasfollows: the NIS-2bandappeas
to beunchangedhbutaslightincreases appliedto therelevart uncetainty; theNIS-1band
mayhave changdby afactorof 1.5. Its respmskvity is still understudy[Lang etal., 2003.
The calibrationof the CDS GIS appearsunafectedby thelossof attitudecontrol. CDS
wasvery warmduling mostof thetime without attitudecontrd. Thisis estimatedo have
led to arelative rediction of ~ 20 % of the burrrin pattern.This alsocausedhe spectral
lines to changeposition on the detector alteringthe burn-in charateristics[ Thomgson
etal., 2003. Furtherinformation, including referercesto in-flight measurerantsof line
ratioswhich areindepadentof solarplasmacondtions, is givenin Langetal. [2002].

5.5.2 EIT

In-flight calibration resultsarepresentedby Cletteetal. [2002] including grid correc-
tions, point-speadfunctionandstray-light determirations. Also coveredis the degrada-
tion of theresponsiity causedy contamimtionandEUV-inducedreductio of the CCD
chage-collection efficiency. The latter effect is respomible for mostof the degradation
obsered. Inter-calibrationof EIT with SEM indicatesarelative uncetainty closeto 20 %
afterapprg@riatecorrectionshave beencarriedout. Theon-toard,visible-lightcalibration
lamp and SOHO off-point manceureswere usedto derive flat-field images andcorrec-
tion procalures,which also benefitfrom the EIT CalRocdata(seeTable5.3 and Sec-
tion 5.412). Duringtheattitudelossof SOHO,EIT wasverywarmandtherespomsivities
of all chanmlsrecoveredby a factorof abouttwo.

5.5.3 SEM

The in-flight calibraion of SEM is closelyrelatedto the Cal-SOrocket uncerflights
(seeTable5.3andSection5.4.11). With their help, it could be deterninedthata carlon
depositionof ~ 16 nm thicknesshadaccumiatedafterfive yearsin orhit, for which cor-
rectionfunctionshave beenestablishe@sfar asthedegradationof the EUV respossivities
is cone@rned. After this correctian, the relative SEM uncertaities in both channelsare
~ 10%. During the SOHOattitudeloss,SEM waswarmerthannomind, but no change
in responsiity wasrepoted.

5.5.4 SUMER

As for all spacenstrunents,the mostcritical taskwasto verify thatthe SUMER lab-
oratow radionretric calibration did not degradeduring spacecrafintegration andlaunch.
As arelative measurét couldbe confirmedthattheratiosof therespomsivities of the pho-
tocatho@s (KBr andbaremicroctannelplate)for both detectos were not affectedover
the entirewavelendh range. With invariart line ratiosthe relative shapeof the respm-
sivity curves hassuccessfullypbeenchecled and, finally, stellar obserationsallowed a
compaisonwith ITUE datanear120nm, for which anagreementwithin a few percenm of
the individual obsenations was found [Wilhelm et al., 1997 Sdihe et al., 20Mc]. A
cross-calibation with SOLSTICEon UARS (calibraed at NIST beforelaund andwith
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early-typestarsin flight) gave consistenirradiarceresultswith relative deviations of 10%

to 14%in therangefrom 1238 nmto 1550 nm[Wlhelmetal., 1999, and,with thelatest
SUMER calibraion, even4 % for C1v at 1548 nm[Wlhelmetal., 20®]. ThelCAL 01
dataandtheH | Lymancontinwm measuementsacquire during flat-fieldexposuresvere
usedto perfom calibrationtracking[Schihle et al., 1998. No lossof responsiity has
beenfound, but rathera slightincreases seenin mostof theemissionlines,whichis con-
sideredo beof solarorigin. It shouldbenotedthatthegainof themicrochanelplatesis a
function of thecountingrateandthetotal counts.Correctionprocediresfor high courting

ratesareavailable.In orderto maintaintheradiametric calibration aftertheaccumiation
of alargenumter of total courts requresanincreasef theoperaing voltage.This option
is available until the maximalvoltagelevels of the power suppliesare reachedor both
detectors.

After the SOHOrecovery latein 1998 the SUMER respomsivity haddecreasethy a
factorof ~ 1.31for bothdetectorsandtherelative uncertaity estimatesadto beraisedto
abore 30%. A final resultis notyetavailable[Wlhelmetal., 2002] Oneof thedifficulties
is thatthe ICAL 01 spectralines are optimized for comparisonswith othe instrumetts,
but notfor aninternaltracking of apotentiallywavelergth-degndemn lossof responsiity.
SUMERwasvery cold during the periodwhenSOHO’ attitudewaslost.

5.5.5 UVCS

Theradionetric calibrationof the two UVCS ultraviolet chanrels hasbeenconfirmed
by severalmethodsThesuccessfuhter-cdibrationsto IUE, Voyager FUSE, andSUMER
usingstarshave beenoutlinedin Sectiorb.4.6 andthefavourabie on-dskinter-comparison
with SUMER at N v 123.8nm wasmentiored in Section5.4.1. Comparison of UVCS
on SOHOto UVCS/Spartarat H1 Ly « were carriedout in Novenber 1998 (cf., Ta-
ble 5.3). Spartarwas calibratel in the laboiatory befae andafterits flight. Agreement
with UVCS/SOHOwas found within 15 % of eachother well within the uncetainty of
25% [Frazinetal., 2003. UVCS/SOHOhasalsomademeasurermantsof theinterplane-
taryH1 Ly-a emissionandfound a radiarce consistentvith theacceptedalue.

A number of other radionetrically-important instrumen functiors has beendeter
minedin flight. For exanple, field uniformities have beenmeasured A major effort
hasbeento track the degradationof field uniformity resultingfrom changs in detector
gain,andmale peridic increaesin the high voltageto keepthelocal detectorespoises
within 5 % of the nomiral values. Thesemeasuremas usea combiration of starobser
vationsandgratirg scansof bright cororal emissionlines. Detailsof thesemeasuements
canbefoundin Gardneretal. [2002] andreferancestherein.Theresposeof theH | Ly-«
redurdantpathin the O vi chanmel is deperenton the irradiationof the redurdantpath
mirror, whichis afunction of thegrating angleaswell asthe urvignettedtelescopenirror
area.Thesefunctionshave alsobeenevaluatedn flight. Suchobsenrationswerealsoused
to ensureradionetric consisteng for obsenationscomman to bothultraviolet chamels.

Theyearlyobsevationsof several starsby UVCS indicatethattherewereno changs
in its respomsivities as a consegenceof the SOHO attitudeloss, during which UVCS
expetiencedmockratetemper&ure excursions. Indeedthesesameobsevationsindicate
thattherehave beenno significantchangsto dateat all. Thisis likely to be dueto the
strict cleanliressprogammeandto thefactthat UVCS hasa telescopavith occulter Its
mirrors thusarenotroutinelyexposedto directsolarirradiation.
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5.6 Conclusions

A reliableandconsistentadiametric calibrationof the SOHO VUV instrumeration
onthegrowndandin flight is amajorundetaking,whichis still in progessasthe mission
contines. It hasbeencloselyrelatedto the correspondig cleanlinesprogammesof the
spacecrafandtheinstrumants. Togethemith thecoordnatedcalibrationrocketflights, the
calibrationandinter-calibraion actities (na restrictedto SOHOinstrunents)have been
verysuccessfuiindhaveledto alargedatabasef solarVUV radiationmeasuremntswith
high accurag from the sunspo minimum in 19% to the sunspotmaximum in 2000and
beyond. The accurag achiezed mustbe corsideredasthe minimum standardor future
solarmissionswhichwill havetheadwantag of building ontheseexpeliencesandresults.
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