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侧面遮拦式日晕光度计的杂散光理论分析

孙明哲1,张红鑫2,刘维新1,夏利东1

(1山东大学 空间科学研究院 山东省光学天文与日地空间环境重点实验室,山东 威海264209)

(2中国科学院长春光学精密机械与物理研究所,长春130033)

摘 要:提出了一种侧面遮拦结构的日晕光度计,在镜筒内通过设置多层挡板结构逐层抑制处于内视场

的挡板边缘衍射光,同时采用倾斜布置的上挡板结构抑制处于外视场的入射窗口边缘衍射光和侧壁散

射光.建立数学模型对这些杂散光抑制挡板进行了仿真计算,结果表明,优化各挡板的几何参数后,日晕

光度计的设计视场可达3.5~10个太阳半径,视场内的杂散光水平均可低于10-8平均太阳亮度.相对于

高山天文台的日晕光度计在4~8个太阳半径的视场内总杂散光达到10-7平均太阳亮度,该日晕光度

计扩展了可观测视场,并使杂散光抑制提高了一个量级.
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TheoreticalStrayLightAnalysisofSide-baffledSkyBrightnessPhotometer
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Abstract:Askybrightnessphotometerwithaside-baffledstructure,whichadoptsmultibafflesto
suppressdiffractedstraylightlayer-by-layerintheinnerfieldofview,isproposed.Inaddition,specially
designedupperbafflesblockbothscatteredanddiffractedstraylightintheouterfieldofview.A
mathematicalmodelisestablishedtosimulatethebaffles,andcalculatedresultsshowthatthefieldof
viewofthephotometercanbedesignedtobe3.5~10solarradiibyoptimizingthegeometricparameters
ofthebaffles.Thestraylightinthefullfieldofviewcanbesuppressedeffectivelytolessthan10-8ofthe
meansolarbrightness.ComparedwiththeHighAltitudeObservatory,whichhasaskybrightness
monitorwithafieldofviewof4~8solarradiiandastraylightlevelof10-7ofthemeansolar
brightness,theproposedphotometerexpandstheobservablefieldofviewandimprovesthestraylight
suppressionlevelbyoveranorderofmagnitude.
Key words:Physicaloptics;Stray light;Scattering;Diffraction;Sky brightness photometer;
Atmosphericscattering
OCISCodes:290.2648;050.1940;120.4640
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0 Introduction
Skybrightnessphotometerscandetectsky-scatteredlightcausedbysunlightinteractingwithparticles

distributedintheEarth’satmosphere.Suchphotometersareusedtodeterminewhetheronelocationcan
meettherequirementsofafaintsolarcoronaobservationbymeasuringtheskybrightnessnearthesun.
Moreover,long-termskybrightnessobservationaldata,particularlyforprecipitablewatervaporand
aerosolcontent,canbeusedwhilestudyingtheglobalclimate[1-2].Inaddition,photometerscanprovide
greatreferencevaluesinsiteinvestigationsofsolartelescopesandastronomicalinstrumentsfornight-time
observation[3].Currently,therearetwomajortypesofskybrightnessphotometersappliedglobally:the
EvansSkyPhotometer (ESP)[4-5],whichhasbeenusedatmanysolarobservatories,andtheSky
Brightness Monitor (SBM)[6],which wasoriginallydevelopedforthe Advanced TechnologySolar
Telescope(ATST)sitesurvey.AnSBM-likephotometerwasalsofabricatedattheYunnanObservatoryof
theChineseAcademyofSciences[7],whoseperformancewasenhancedbyusinganadvancedCCD.
Presently,SBM photometersareplacedinseveralsolarobservatoriesforage-longskybrightness
measurements.ThephotometerdevelopedattheYunnanObservatoryhasbeenusedforskybrightness
measurementsatvariouslocationssuchasDaliandJiaozimountain[8-9].

Theskyfieldofview(FOV)oftheESPis1.6~4.4R☉(R☉beingthesolarradius),withastructure
similartothatofanexternallyoccultedcoronagraph.TheESPcansuppressthestraylighttoafractionof
amillionthofthemeansolarbrightness,butitneedsaspeciallypolishedhigh-qualityobjectivelens[4].
However,thistypeofskybrightnessphotometercanonlybeusedatasinglewavelengthandisnot
suitableformeasuringthecontentofaerosolandintegratedwatervaporintheEarth’satmosphere.In
addition,thisphotometerisnotsuitableforage-longautomaticobservationowingtotheneedformanual
manipulation.Mostimportantly,thefabricationcostoftheESPisrelativelyhighandthestructureis
complicated[6].TheSBMhasasimplified,externallyoccultedstructurewithaskyfieldofviewof4~8
R☉.Itadoptsanexternalocculter,woundwithmultilayerO-rings,toeliminatethediffractionlightinthe
innerfield.Towardsitsexterior,thestraylightscatteredbythelensbarrelwalliseliminatedbybaffle
rings.ThestraylightleveloftheSBMisabout10-7B☉(B☉ beingtheaveragebrightnessofthesolar
disk),whereasthestraylightattheedgeoftheinnerandouterfieldsofviewiscomparativelyhigh,about
10-4B☉.AfterpassingthroughtheaperturecenteredattheexternalocculterandtwoND2attenuation
filters,thedirectsunlightdropstoamagnitudeof10-4B☉,andthenshinesintotheopticalsystem.The
SBMhasadvantagessuchashighstability,automaticobservation,andlowcost.However,thediffraction
lightinboththeinnerandouterfieldsisstrong,restrainingthemeasurementofskybrightnessmore
preciselyattheedgeoftheinnerandouterfields.Brightringscanbeseeninbothfieldsoftheimages
takenbytheSBMand,therefore,theactualinnerfieldisonly4R☉.

Thispaperisfocusedonimprovingthelevelofstraylightsuppressionofthephotometerunderlow-
costconditions.ThemostimportantstraylightintheSBMisthediffractedlightinboththeinnerand
outerfieldsofview.Intermsofsuppressingdiffractedstraylight,theside-baffledstructureadoptedbythe
HeliosphereImager(HI)onboardtheSTEREO (SolarTerrestrialRelationsObservatory)missioncan
exhibitbetterperformancethanacenter-occultedstructure[10-11].Tosuppressthediffractedstraylight,
twomethodsareadoptedinourphotometer.Onemethodusesasetoffrontbafflesofaside-baffled
structuretosuppressstraylightintheinnerfield.Theothermethodadoptsasetofupperbafflesblocking
layer-by-layerthestraylightintheouterfield.Usingthesemethods,aside-baffledskybrightness
photometer(SSBP)wasdesignedtoachieveafieldofviewof3.5~10R☉ withastraylightlevelof10-8

B☉.ComparedtotheSBM,whosestraylightlevelis10-7B☉intheskyfieldofviewof4~8R☉,the
presentphotometerexpandstheobservablefieldofviewandimprovesthelevelofstraylightsuppression
byoveranorderofmagnitude.Becausetheskybrightnesshasrotationalsymmetryaroundthesun,the
lossofcircumferentialfieldofviewcausedbytheside-baffledstructureisacceptable.

1 OverallstructuredesignoftheSSBP
Theside-baffledfrontbafflesintheSTEREO-HIsuppressstraylighttobelow10-9B☉(theinner
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FOVis15R☉),whichhasledtothebigsuccessoftheHI[11].Whendesigningthepresentphotometer,we
focusedontheadvantagesoftheSBMandthesidebafflesintheSTEREO-HI,andonachievingafurther
reductionofstraylightinboththeinnerandouterfieldsofview.TheoveralldesignoftheSSBPisshown
inFig.1.Sunlightandsky-scatteredlightcomesintothelensbarrelfromtheleftside.Sky-scatteredlight
entersthelensbarrelatanobliqueangleoverthetopofthefrontbafflesandisthenimagedontheimage
planebytheobjectivelens.Thediffractionlightintheouterfieldandscatteredlightonthelensbarrelwall
aresuppressedbytheupperbaffleswhilethelowerbafflesmainlysuppressthescatteredlightonthelower
barrelwall.Thisdesignissimilartothatofcommonbafflestoeliminatestraylight[12-14].

Fig.1 SchematicoftheSSBP
  Anachromaticdoubletwithafocallengthof50mm,purchasedfromtheEdmundCorporationwas
adoptedastheobjectivelens.Theclearaperturewasreducedto4mmtoachieveeasiersuppressionofstray
light.However,thisleadstoalargerdiameteroftheAirydiskandalowerspatialresolution.Asthemain
purposeoftheSSBPistomeasuretheskybrightnessparameters,thelowresolution(about56",2×2
binned)andthelargerairydiskhavelittleimpactontheSSBPperformance.

2 Computationofdiffractionandoptimaldesignoffrontbaffles
2.1 Computationofdiffractionfromfrontbaffles

Diffractionfromfrontbafflesiscalculatedusing Fresnelintegrals[15]andtheFresnel-Kirchhoff
diffractionformula[15-16],wherethecomplexamplitudeofdiffractedlightU (x,y)inthex andy
coordinatesintheobservingplaneisrespectivelygivenby

U(x,y)=
U0exp(jkz)
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(η1-y),η1istheycoordinateoftheedgeofthesemi-infinitescreen,λisthe

wavelength,k=2π/λ,zisthedistancefromtheobservationpointtothediffractionscreen,andξandη
arethecoordinatesinthediffractionscreenplane.Eq.1usesFresnelintegralstocomputethediffractionof
asemi-infinitescreen.

DiffractionfromthefirstfrontbaffleR1showninFig.2iscalculatedbyusingFresnelintegrals
directly.DiffractionfromthesecondfrontbaffleR2isdividedintocontributionsfromtworegions,as
showninFig.2.Thefirstregion(dashed-lineregioninFig.2)isnexttoR2anddiffractionfromR2is
influencedbydiffractionfromR1.Thesecondregion(dottedlineregioninFig.2)isadistanceawayfrom
R2andtheinfluenceofdiffractionfromR1canbeneglected.Therefore,theformercanbecalculatedby
usingFresnelintegralswhilethelattercanbecalculatedbyusingFresnel-Kirchhoffdiffractionformula.
Usingthismethod,aninfiniteintegralisconvertedintoasumoffiniteintegralsandplustheFresnel
diffractioncontributionfromasemi-infiniteopaquescreen.

Toprovethereliabilityofthisalgorithm,weappliedittocomputethediffractionbrightnessBfrom
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theHIfrontbafflesandcomparedourresultswiththeHIexperimentalandtheoreticaldata[10-11],asshown
inFig.3.Ourcalculatedresults(redline)areinbetteraccordwiththeHImeasurementsthantheHI
theoreticalresultsforfieldofviewbetween0and-1.5°.

Fig.2 Algorithmofdiffractionfromfrontbaffles Fig.3 Comparisonofthebrightnesscalculatedbyusingour
algorithmwiththeHIexperimentalandtheoreticaldata

2.2 Optimaldesignoffrontbaffles
InordertoachievemuchlowerstraylightthanthatintheSBM,thefrontbafflesoftheSSBPwere

designedbyadoptingmultivanebafflesinsteadofanexternalocculter,asshowninFig.1.Twoschemes
wereconsideredtodeterminetheheightsandseparationsoftheparallelmultivane:anequal-height-
differenceschemeandanequal-angle-differencescheme.Intheformerscheme,theheightdifferences
betweenanytwoadjacentbafflesarethesameandthishasbeentheschemeusedinmosttraditional
externallyoccultedcoronagraphs.Inthelatterscheme,discussedbyBuffington[17],theangulardifferences
betweenanytwoadjacentbafflesarethesame.Fig.4showsanexampleofthelatterusingthreeparallel
frontbaffles,whereαrepresentsafullybaffled
innerfieldangleβisthe16-arcminutedivergence
halfangleoftheSun,andΔα=(α-β)/3.The
diffractionintensity with afive-knife-edge-vane
systemwascalculatedusingthetwoschemes,as
showninFig.5.Resultsindicatethattheintensity
obtainedusingtheequal-angle-differenceschemeis
aroundhalfofthatobtainedusingtheequal-height-
differencescheme.Therefore,the equal-angle-
differenceschemewasadopted.

Fig.4 Equal-angle-differencedesignoffrontbaffles

Fig.5 Comparison betweenthe diffractionintensities
obtainedusingtheequal-height-differenceandthe
equal-angle-differenceschemes

Fig.6 Comparisonofdiffractionintensityfor3~6baffles

  ThecalculateddiffractionintensityforvariousnumbersofbafflesisshowninFig.6underthe
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assumptionthatthedistancebetweenthefirstandlastbaffle(denotedbyLinFig.1)isthesameand
equalto60mm.Thefigureshowsthatthediffractionintensitydecreasesasthenumberofbafflesincreases
from3to5.However,thediffractionintensityderivedfromsixbafflesislargerthanthatfromfivebaffles.
Thus,wechosefivevanestodesignthephotometerfrontbaffles.
Inadditiontotheheightofthefrontbafflevanes,thedistancebetweenadjacentbafflesiscrucialin

reducingstraylight.Sincethedistancebetweenanytwoadjacentbafflesdisthesame,thediffraction
intensitywithintheapertureoftheobjectivelensisexpectedtodecreaseforincreasingvaluesofd[17].Note
thattheabovementionedcalculationisundertheconditionthatthedistancebetweenthelastvaneandthe
objectiveisconstant,inwhichcasetheoveralllengthoftheinstrumentincreasesasdincreases.
  Fig.7 displays the calculated intensity
distributionofdiffractedlightaroundtheobjective
lensfordifferentdistancesd betweenanytwo
adjacent baffles,assuming that the distance
betweenthefirstfrontbaffleandtheobjectivelens
that determines the overall length of the
instrumentisfixed.Thefigureshowsthatthe
diffraction intensity decreases as d increases.
However,therateofchangeofthediffraction
intensityislesspronouncedforvaluesofdlarger
than25 mm.Sincetheoveralllength ofthe
instrumentisfixed,asthevalueofdincreasesthe
lastfrontbafflesbecomeclosertotheobjective
lens,andthusthesebafflesbecomemoreoutof

Fig.7 Diffractionintensityattheobjectivelens with
differentdistancesd betweenanytwoadjacent
frontbaffles

focusontheimageplane.Alargerout-of-focusarealeadstomorediffusedimagingofthediffractionlight,
whichimpactstheobservationoftheinnerfield.Therefore,basedontheabovecalculations,theinterval
distanceofthefrontbaffleswaschosentobe25mm.

ThecalculatedupperedgepositionsofthefrontbafflesarelistedinTable1.Thecoordinatesystem,
withthecenterofthefrontsurfaceofthelensastheorigin,isshowninFig.1.Basedonscalardiffraction
theory,theaveragediffractionintensityofthefrontbaffleswithintheapertureoftheobjectivelenswas
determinedtobe1.3×10-6B☉.Thisdiffractionlightwasfocusedbytheobjectivelensataround2.53R☉
ontheimageplane.Inordertodeterminetherelativevaluebetweentheskybrightnessandcorona
brightness,theSBMadoptedtwoND2(nominalopticaldensityof2)attenuatorsatthecenterofits
externaloccultersothatdirectsunlightwouldbeattenuatedby10-4beforeenteringtheopticalsystem[6].
Thesamemethodwasadoptedinourphotometer.Thediameteroftheattenuatoraperturesshouldallow
theraysfromeachpointofthesuntoilluminatetheapertureoftheobjectivelenswithoutanyblockingby
theapertureedge.Therefore,weestimatedthattheclearapertureoftheattenuatorshouldbelargerthan
12mm,andwaschosentobe13mm,forwhichthesunlightbrightnessisexpectedtoberelatively
uniformontheimageplane.

Table1 Coordinatesofupperedgesoffrontbaffles(CoordinatesystemisshowninFig.1)

Z/mm Y/mm
FrontBaffle1 -860 9.77
FrontBaffle2 -835 9.63
FrontBaffle3 -810 9.47
FrontBaffle4 -785 9.28
FrontBaffle5 -760 9.07

3 Structuredesignofexternaldiaphragmandupperbaffles
Themainfunctionoftheexternaldiaphragmandupperbafflesistorestrainthescatteredstraylightin

theouterfieldandlensbarrelwall.Inaddition,theupperbafflescansuppressthediffractedstraylight
fromtheexternaldiaphragmedge.Ingeneral,diffractedlightfromtheexternaldiaphragmissuppressed
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byblockingattheimageplane.However,wedevelopedanewapproachtosuppressthediffractedlight
fromtheexternaldiaphragmusingtheupperbafflesshowninFig.8.PointDinthefigureisthelower
edgeofupperbaffle3andisrequiredtobewithintheumbraofthefrontbaffleswithoutblockingtherays
intheouterfield.Inthiscase,thereisnodirectsunlightilluminatingpointDsothediffractionlightonthe
edgecanbeneglected.Therefore,pointDshouldbelocatedwithintheshadowareaindicatedinthefigure.
UsingthecoordinatesysteminFig.1,thecross-pointH wascalculatedtobeat (0,6.19 mm,
-89.87mm)andthecoordinatesofpointD werechosentobe(0,5.8mm,-81.6mm).

Fig.8 Schematicofthesizedesignforupperbaffles
  Upperbaffle3canblockthediffractedstraylightfromtheexternaldiaphragmandupperbaffles1and
2.Themainfunctionofupperbaffle2istoreducethescatteredlightofdirectsunlightonupperbaffle3
andthewallofthelensbarrel.Thefunctionofupperbaffle1issimilartothatofupperbaffle2andthe
lightsuppressionmechanismisshownbytheextendeddottedlinesinFig.8,whichintersectwithpointG.
Thus,thescatteredlightonthesurfacesofupperbaffles1and2willbeunabletoirradiateontheback
surfaceoffrontbaffle5.Hence,afterscatteringatleastthreetimes,lightcanreachtheobjectivelens.

Inordertosuppressthediffractionlightfromupperbaffles1and2,theirloweredgeshouldbe
positionedabovetheconnectinglinebetweenpointFandDinFig.8(redline).Inthiscase,diffraction
fromtheedgeofupperbaffles1and2isblockedbyupperbaffle3.Likewise,pointAisabovethe
connectinglinebetweenpointsFandD.Usingtheabovedesign,theedgepositionswerecalculatedand
theresultingvaluesarelistedinTable2.Thetotalintensitydistributionfordiffractionfromtheexternal
diaphragmandupperbaffles1,2,and3isshowninFig.9asafunctionofthefieldofviewR.Thefigure
showsthatthebrightnessofthediffractionlightwithintheFOVrangeof3~10R☉isbelow10-8B☉.As
theothertwosidesoftheexternaldiaphragmareabovetheapertureoftheobjectivelens,thevertical
directionsoftheiredgesavoidtheobjectivelensaperture.Thus,theedgediffractionintensitycanbe
neglected[18-19].

Table2 Coordinatesofupperedgesoffrontbaffles(CoordinatesystemisshowninFig.1)

Z/mm Y/mm
ExternalDiaphragm(A) -860 81
UpperBaffle1(B) -700 72
UpperBaffle2(C) -433 40
UpperBaffle3(D) -81.6 5.8

  Whendeglossingpaintisappliedtoallsurfaces,thetotalamountofscatteredlightisbelow1%on
eachsurfacei.e.,morethan99%isabsorbed.Accordingtheoryanalysis,thebrightnessoflightscattered
fromupperbaffles1and2canbereducedtobelow10-8B☉afterscatteringthreetimes.Accordingtothe
scatteringtheory,thescatteredintensitydecreaseswithincreasingscatteringangle[20-21].Thedipangleof
upperbaffle3ismaximizedtominimizethescatteredlightbrightness.Moreover,themajorityofthefront
surfaceofupperbaffle3isblockedbyupperbaffle2tolowerthescatteredlightbrightness.The
brightnessofthescatteredlightwasestimatedtobelowerthan10-6B☉ .Althoughthebrightnessof
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thescatteredlightisnotverylow,onlyalittleof
theenergyofthisscatteredlightisimagedinthe
FOV rangeof3.5~10 R☉.Usingtheabove
design,thebrightnessofthescatteredlightcaused
bydirectsunlightcanbereducedbytheexternal
diaphragmandupperbafflestobelow10-8B☉for
theFOVrangeof3.5~10R☉.

4 Resultsandanalysisofoveralldesign
TheSSBPwasdesignedconsideringallofthe

calculations above and the overall structure
(acuboidwithoveralldimensionsof120mm ×
150mm×1000mm)isshownin Fig.10.The

Fig.9 Totaldiffractionintensitydistributionfromtheexternal
diaphragmandupperbafflesontheimageplane

intensitydistributionderivedfromthesimulationsforlightdiffractionfromthefrontbafflesandupper
bafflesontheimageplaneisshowninFig.11.WithintheSSBPfieldofview(3.5~10R☉),thestraylight
brightnessislowerthan10-8 B☉,whichismuchbetterthanthatoftheSBMandcanimprovethe
measuringprecisionandmeettheskybrightnessmeasuringrequirements.

Fig.10 OverallstructurediagramoftheSSBP
Fig.11 Totaldiffractionintensitydistributiononthe

imageplane

  Vignetting,defocusofthelastfrontbaffle,anddiffractionarethemainfactorsthatinfluencethe
innerfieldoftheSSBP.BasedonthemethodusedbyLinandPenn[6],thefullybaffledinnerfieldangleα
oftheSSBPis2R☉,andtheinnerfieldangleβwithoutvignettingis3.12R☉.However,50%vignetting
isacceptableforskybrightnessdetection.Inourcase,theinnerfieldangleis2.56R☉for50%vignetting.
Thus,thefieldofviewrangeactuallyinfluencedbyvignettingisbetween2and2.56R☉.

Theeffectsofdefocusanddiffractionareentangled.Diffractiondeterminesthetotaldiffractedlight
energyincidentupontheobjectivelenswhereasdefocusdeterminestheextentofdiffusionofthediffracted
lightattheimageplane.TheZemaxparametersprovidedbytheEdmundCorporationwereadoptedto
calculatethedefocus.Theedgeoffrontbaffle5wasimagedataround0.588mmbelowtheopticalaxis,
whichisequivalenttoafieldofviewof2.53R☉.Therootmeansquare(RMS)radiusoftheblurspotwas
121μm,correspondingtoafieldofviewof0.52R☉.Thismeansthatabout68%ofthediffractionenergy
fromthefrontbaffleiscondensedinthefieldofviewrangeof2.01~3.05R☉.

Fig.11showsthediffractionintensitydistributionattheimageplane.Thecalculatedrangesofthesky
fieldofvieware1.5~2.93R☉fordiffractionintensitiesabove10-6B☉,and0.8~3.5R☉fordiffraction
intensitiesabove10-8B☉.Theinnerfieldofviewcouldbefurtherloweredbyincreasingthelengthofthe
SSBPalongthez-axisanddecreasingtheaberration.Underthesamediffractionangleandwavelength,an
increasedlengthcouldleadtoafurtherdecreaseindiffractionintensity[22]andcanfurtherdecreasethe
defocusofthefrontbaffle.Moreover,vignettingcouldalsobereducedbyincreasingthelengthofthe
SSBP.Fig.11showsthat,forafieldofviewrangeof3~3.5R☉,thediffractionintensitydecreasesrapidly
from10-6B☉tobelow10-8B☉.Theintensityincreaseforafieldofviewrangeof8~10R☉isaresultof
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diffractionfromtheupperbaffles.Therefore,theintensityisbelow10-8B☉inthefieldofviewrangeof
3.5~10R☉.
  Fig.12comparesthefieldsofviewoftheSBM
andSSBP,wherethebackgroundcorrespondstothe
SBM[23]andthethreehighlightedgrayarcregionsare
theFOVsusedtomeasuretheskybrightness.Thered
andyellowareasaretheSSBPimageregions.Thered
areasisusedtoimagetheattenuatedsunwhereasthe
yellowareaistheFOVusedfortheSSBPtomake
measurements.Thebrightnessofstraylightinthe
entireareaislowerthan10-8B☉andthephotometeris
sufficientlyprecisetomeasuretheskybrightnessin
spiteofmachineandassemblingerrors.

Fig.12 ComparisonbetweentheFOVsfortheSBMandthe
SSBP

  Finally,peoplewhoworkonsitesurveysprefersmallerequipment.Tosatisfythisneed,wehave
calculatedthatwiththesamefieldofviewoftheSBM,thedimensionsoftheSSBPisexpectedtobe
smallerthan750mm×70mm×70mm.Furthermore,forafieldofviewintherangeof5~10R☉,the
dimensionsoftheSSBPisexpectedtobe600mm×70mm×70mm.Thestraylightisexpectedtobe
lowerthan10-8B☉foralltheSSBPfieldsofview.

5 Conclusion
Inthispaper,anewtypeofside-baffledskybrightnessphotometer(SSBP)wasdesignedtoachieve

highstray-lightsuppression.ByadoptingfrontbafflessimilartothoseoftheSTEREO-HI,thebrightness
ofdiffractedstraylightinsidetheinnerfieldcanbesuppressedtoalevellowerthan10-8B☉forfieldsof
viewabove3.5R☉.Inaddition,upperbaffleswerespeciallydesignedtoeliminatetheinfluenceofscattered
lightintothelensbarrelderivedfromdirectsunlightanddiffractionfromtheedgesoftheupperbaffles.
Usingthedesignproposedinthisarticle,theSSBPcanachieveastraylightbrightnesslevelof10-8B☉in
askyfieldofviewrangeof3.5~10R☉.
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