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TEPATEPLIEBbIE ®OTOMETPbI
ANA HABNIOAEHUIA
COJIHEYHbIX BCMbIWEK

U3 KOCMOCA

I'.Kponomos, K.¢.-M.H.,2eHepanbHblii dupekmop

000 "Tudec", Cankm-ITemepbype, Poccus;
I1.KaypmanH, npod., Boicuias mexHu4eckas wkoaa
Makens3u, Can-Ilayay, Lienmp noaynposodHuKosbix
KomnoHenmos, YHusepcumem Kamnunac, Kamnurac,
Bpasuaus

BnepBble paspaboTaHo 60pToBOE

ycTpoiicTBo Tly-AeTeKTUpOBaHUSA Ans HabnoaeHUs
COJIHEYHbIX BCMbiwek u3 crpatocdepsbl. Mpnbop
npeaHasHayeH A5 onpepesieHns 3arafoyHbix

M [0 CUX NMOP He pacKpbITbIX CNEKTPasbHbIX GOoOpM
TeparepLeBoro UsJly4eHus CO/IHeYHbIX BCrbILLEK.
MocTpoeHHas cnctema SOLAR-T, cogepxawas

MoAy/n c60pa AaHHbIX U TeneMeTpuu, 6bina

ycnewHo nporectmpoBaHa. B koHcTpykuum SOLAR-T
MCnoJsib3oBaHbI AiBa AeTeKTopa B Buae siveek lones,
pacnosioxeHHble 32 GUAbTPaMU HU3KUX YaCTOT,
nonocosbiMU puabTpamm Ha 3 n7 Ty N pe3oHAHCHbIMU
KamepTOHHbIMU MmoaynaTopamu. SOLAR-T nossonser
onpepenuTb OTHOCUTE/IbHbIE U3MEeHEeHUs TemnepaTypbl,
MeHbLue, 4em 1K, ¢ cy6cekyHAHbIM BpEMEHHbIM
paspewweHnem. inntenbHble cTpaTochepHbie
NnoneTHbIe UCNbITAHUS HAa 6OPTY ABYX BO3AYLUHbIX
WapoB HaA AHTapKTUAON n Poccrent N1aHUpyOTCS

K npoBepeHuto B 2014-2016 roaax.

M03BOIMAN OOHAPY>KUTh HOBBle CIIEKTPasib-

HbIe COCTaB/SIOMMe UX HU3Ty4eHHs B CybTepa-
repLeBOoM JHaIna3oHe, a Takke Ha yactoTe 30 TIrg [1,
2]. IToka pusnyeckas IPUPoa STOIO U3TyUeHHUs OCTa-
eTcsi 3aragkoil [3]. ITonHoe omucaHue TII-cIieKTpa,
HeobxomyMoe [ [JaJbHEHIINX MCCIeJOBaHUMH,
MOKeT OBITh I10JTyUeHO U3 Hab/lIofeHU I, IPOBOAHUMBIX
C TIIOMOLIBIO [ETEeKTOPOB, PaCIO/IOKEHHBIX 3a Ipefe-
7aMH 3eMHOH aTMocdepsl. Ha oCHOBe KOHLIENLIHH,
MaTepuasioB, GUILTPOB U [EeTEeKTOPOB, II0Jy4YeHHBIX
Ha Pa3HBIX CTAAMSIX IpelblAyLIINX pa3paboTok 1abo-
paTopum, Oblla Co3[aHa OMBITHAsl yCTaHOBKA [4-6]
JBOMHOM TepareplieBor GOTOMETPHYECKOH CHUCTeMBI
U1 W3MePeHHs TeMIIepPaTyphl MePexXOAHBIX IIPo-
LIeCCOB B KOHTHHYyMe COJIHEYHBIX BCIIBIIIEK Ha
yacTtoTaxX 3 u 7 TTu. Ha mpakTHKe HegoCTaTO4YHAas

I I d3eMHBbIe Ha6J'IIO,E[€HI/I$I COJIHEYHBIX BCIIBIIIEK
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THz PHOTOMETERS
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FROM SPACE

G.Kropotov, Cand.Sc.(Phys-Math.), Tydex Co. Saint
Petersburg, Russia

P.Kaufmann, prof., Escola de Engenharia, Craam,
Universidade Presbiteriana Mackenzie Sdo Paulo, SP,
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The first detection device conceived to observed solar
flare THz emissions on board of stratospheric balloons
has been developed. It is intended to determine the
still unrevealed spectral shape of the mysterious THz
solar flares emissions The system, named SOLAR-T,
has been built, integrated to data acquisition and
telemetry modules, and tested. It utilizes two Golay
cell detectors preceded by low-pass filters, 3 and

7 THz band-pass filters, and choppers. SOLAR-T can
detect relative temperature variations smaller than

1 K with sub second time resolution. The experiment
is planned to fly on board of two long-duration
stratospheric balloon flights over Antarctica and
Russia in 2014-2016.

INTRODUCTION

Sub-THz and 30 THz ground-based observations
indicate a new solar burst spectral component at
that range [1,2]. The physical nature of this emission
remains mysterious [3]. The complete THz spectral
description required for further investigations can be
obtained by observations with detectors placed outside
the terrestrial atmosphere.

A double THz photometers system to measure
solar transient temperature bursts in the continuum
at 3 and 7 THz has been built, based on concept,
materials, filters and detector characterized by
various previous laboratory developments leading
to the setup of a prototype model [4-6]. The practical
problem to observe the whole solar disk with
enough sensitivity to detect flares subtended by
much smaller angular sizes on the Sun was solved
with an innovative photon concentrator [7] that
combines the formation a full solar disk image,
with the physical size of the detecting surface at
the focal plane, independently from the aperture
size, with the relationship between the minimum
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BorHyToe cdhepumyeckoe 3epkano C rpyboi LepoxoBaTom MOBEPXHOCTbLIO
Rough surface spherical concave mirror

[letexTOp — A4enka rones
Golay cell detector
TPX-0KkHa
TPX windows

T T~

Bbinyknoe cdepuyeckoe 3epkano
Convex spherical mirror

Mem6paHa Tydex Black — ‘
Tydex Black membrane

MeTanimyeckme ceTyaTble
nonocoBbie GunLTpbI (3 nam 7 Tr)
Metal mesh resonant band

pass filter (3 or 7 Thz)

om Kopnyca

windows were added to separate the telescopes from the case.

Pe30HaTOPHbIN KAMepPTOHHbIN MOLYNSTOP
Resonant fork chopper

Puc.1. ®omomempbl SOLAR-T 8 c6ope, 8HU3y (cAe8d Hanpaso): onmodkycmuyeckuli demekmop oAes, MeM6paHHbil puabmp
Hu3Kux yacmom TydexBlack, pe3oHaHcHbil nonocogoli puabmp (Memanaudeckas cemxa) U pe3oHaHcHbIU KamepmoHHbill
ModyAasmop Yacmomol 20 'u. MosepxHocmb KaccezpeHosckozo meaeckona (76 mm) cnpaea - wiepoxogamasl, d4s danbHeliwezo
paccesiHus U3ny4eHUs 8UOUMO20 U 6ALXKHe20 UHPpakpacHozo duanasoHos. OKHa u3 mamepuadna TPX omdeasitom meAneckonbl

Fig. 1. The SOLAR-T photometers assembly concept. The diagram in the bottom panel shows at left the Golay cell detector,
preceded by TydexBlack low-pass filter membrane, a resonant metal mesh band-pass filter, and a resonant tuning fork 20 Hz
chopper. The 76 mm Cassegrain telescope at right has a rough surface to further diffuse the visible and near IR radiation. TPX

YYBCTBUTEIBHOCTh [€TEKTOPOB BHOCHUT CYIIeCTBEH-
HYIO ITpo6ieMy B M3MepPeHU s U3JyIeHHS COTHEUHBIX
BCIIBIIIEK. Bejb MHOIHe M3 HUX BHUIHBI 0] FOPa3/io
MEHBIIHM YITIOBBIM Pa3MepoM, YeM IOIHBIH COHeY-
HBIM JUCK, Ha $pOHe KOTOPOro MX HeobxomHMo ob6Ha-
pykutb. IIpobnema 6plna pelleHa IyTeM HCIIONB30-
BaHMSI MHHOBALIMOHHOTO YCTPOMCTBA ~ KOMOHMHAIIUU
KOHLIEHTpaTopa GpoToHOB [7] ¢ y3/10M GOPMUPOBAHUS
II0JIHOTO M306paskeHHU I COTHEYHOTO0 IUCKA. PeaIbHbIN
pa3Mep IOBEPXHOCTH AETEKTOpa, PaCIIONIOKeHHOTO
B (QOKaIBHOM ILIOCKOCTH, He 3aBHCHUT OT pa3Mepa
amepTyphsl, HNPH 3TOM BeIWYHHA MHUHHMAJIbHOIO
obHapy>kHMBaeMOro II0TOKa OOpPaTHO IIPOIOPLIHO-
HaJIbHA IUIOIIA/IH AIIePTYPhL.

detectable fluxes inversely proportional to the
aperture area.

FABRICATION OF FLIGHT MODEL

The THz photometers system, named SOLAR-T, was
built by Tydex Co., St. Petersburg, Russia, where they
were tested for electrical, electronics, low temperature
and near vacuum environment performance.

A data acquisition system was developed
Propertech Ltda., Jacarei, SP, Brazil, who integrated
the whole system, to which was included a Iridium-
satellite telemetry module, provided by Neuron,
Ltda., Sdo José dos Campos, SP, Brazil. Fig. 1 shows
the SOLAR-T design concept. The 76 mm diameter
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CO34AHUE MOJEJIN ANA NONETHbIX
NCNbITAHUM

TTu-doromeTpsl 4Jist cucTeMbl SOLART OBIN U3TOTOB-
JIeHBI CIIeLIMA/IUCTaMH KoMITIaHUU 'Tupekc' (CaHKT-
[leTepbypr) B Poccuu, rae 3aTem OBUIM IIPOTECTHPO-
BaHBI UX 3/IeKTPOTeXHHYECKAsl U JIeKTPOHHAs 4acTH,
a Takke KX paboTocrocobHOCTb B YCIOBHUSIX HH3KOH
TeMIlepaTyphl B cpefie, 61M3KOM K Bakyymy. CHCTeMa
cbopa maHHBIX OBITa pa3paboTaHa KOMIIAHHEH
Propertech Jacarei (Can-Tlayny) B Bpasunuu, KoTopas
SBJISIETCS. UHTETPaTOPOM BCeH CHCTeMBl. B cHucTemy
Takke ObLT BKIIOYeH Iridium-momynb CIIyTHHKOBOH
TelleMeTPHUH, 3T0 pa3paboTka KommaHuu Neiron
(Can-Kosze-nmyc-Kammnyc, Can-Tlayny). Ha puc.l mpen-
CTaB/IeHa KoHUenuusa cTpykTypbl SOLAR-T. Temeckor,
peanr30BaHHBIN II0 cucTeMe KaccerpeHa, ¢ auame-
TpoM 76 MM II03BO/ISeT IONy4YHUTh Ha BXOAe SUYHKH
Tornes 3 MM-1306paskeHHe CONHEYHOro JUCKa. STuerika
Tones [8] mpencTaBisieT cOB0OI ONMTHKO-aKyCTHYECKHUH
neTeKkTop, paboTaromiyii IpU KOMHATHOM TeMIlepa-
Type. OCHOBOHM [eTeKTOpa SBJISeTCS 3aIloJIHeHHasl
KCEHOHOM KaIICy/a, MMeoIasi B CBOeM COCTaBe THb-
KyI0 MeMOpaHy €O CBETOOTPaSKAIOIIEl ITOBEPXHOCTHIO.
[lpy mageHHWH Ha S4YEHKy H3/Iy4eHUs ra3, Harpesa-
SICb, CTPEMMTCS K PACHIMPEHHIO, U MeHSIoIas GopMy
MeM6paHa OTK/IOHSIeT afaloIUi JIyd CBeTa B MaCCHB
doTomeTexTopoB. IIprbop obmagaeT BHICOKOM UyBCTBH-
TEeJIBHOCTBIO K MaJIbIM H3MeHeHHSM BXOLHOM MOIIHO-
CTH. M, X0TA IepBOHAYa/IbHO OH IIpeJHa3HavajCs IJIs
obHapyskeHMs1 HUK-H3/1yueHUs], HO U B 06/1acTH OT cybTe-
parepL o BUAMMOrO AHala3oHa Npubop KMeeT [OYTH
PaBHOMEPHYIO YyBCTBUTE/NBHOCTh. II0 CpaBHeEHHIO
C APyTHMH BapHaHTAMHU [I€TeKTOPOB, paboTaromiux
IIpY KOMHAaTHOHM TeMIIepaType, — MHUKpPoboromMeTpom
Y K PO3/IeKTPUYECKUM JeTeKTOPOM, — MOJEPHH3HPO-
BaHHas suelika lones [9] obnazaeT ynydIleHHON YyB-
CTBUTE/IBHOCTBIO K MOIITHOCTH BXOJHOIO CHMTHajla Ha
pa3Hbix TT'I-4acToTax (5, 6].

OUNIBTP HUKHHUX 4YacTOT HeobxomuM s Iofa-
BjIeHHs GOHA OT MHTEHCHBHOIO M3JIyUYeHHUS YePHOro
Tesa, KaKUM SBJISIETCA COMHEYHBIM OHUCK, B BHUOU-
Mot u 6nrkHer MK-o6mactu. IToaToMy 106aBIsIIOTCS
[10JI0COBbIe QUIIBTPHI, LIeHTPUpPOBaHHEBIe Ha 3 U 7 TT1I.
IllepoxoBaTas ITOBEPXHOCTb 3epKajl ABYyX 76 MM~ Teje-
cKomoB KaccerpeHa HCIIONb3YeTCS OJIE YaCTHYHOIO
IUPPY3HMOHHOIO OTPASKEHMS COJIHEUHOI0 HU3/IyYeHUs
B BUAUMOM U 6mmskHer MK-o6macTu. Takas HU3KO4a-
CTOTHAsl TeXHHKa Obl/Ia paHee ITpefJIoskKeHa IJISI IIPO-
BeJieHUs 3KCIepuMeHTa ajad UK-usnydyenus ConHIla
(10]. B masnbHeMIIeM OHA IOJy4YM/a Pa3sBUTHE U IIPO-
/I3 UCIBITAHUS B KPYTy HalIMX CIeLMaJIuCcToB [11].
JlBa rpy6BIX 3epKaja JOCTABISIOT '"XOJIOAHOE' H3Iy-
yeHHe B CHUCTeMy obHapyxkeHus [5, 6]. MembpaHa
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Puc.2. Onmumu3upo8aHHas NoAHAs NPONYycKHAs cnoco6-
HOCMb KOMOUHUPOBAHHOU cucmembi U3 0KOH TPX, nonoco-
8bIX pUAbMPO8 U MeEMOPAHHO20 GUALMPA HU3KUX Hacmom
TydexBlack

Fig. 2. The optimized total transmission of the combined TPX
windows, band-pass metal mesh filters and TydexBlack low
pass membrane

Cassegrain telescopes have been designed to form a
3 mm solar disc image at the input of the Golay cell.
The Colay cell [8] consists in a room temperature
opto-acoustic detector based on a Xenon gas capsule
with a light reflecting flexible membrane surface.
With radiation incidence the gas tends to expand

L

Puc.3. SxcnepumenmanbHoe 060pydosaHue: mepazepuesble
(3u7Tru) pomomempul SOLAR-T. Modyau c6opa daHHbIX

U meaemempuu npucoeduHeHbl No 0beum cCmopoHam Kop-
nyca pomomempos. Imu 06e aHMeHHbl NPedHAa3Ha4YeHbl 0As
menemempuyeckol cesi3u co cnymHukosol cucmemou Iridium
U KOHMPpoAs 8pemeHU U nonoxkeHus no GPS

Fig. 3. The 3 and 7 THz SOLAR-T photometers integrated
payload. Data acquisition and telemetry modules are coupled
at both sides of the photometers’ case. The two antennas

are for telemetry communications with the Iridium satellite
system, and GPS position and clock monitoring
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Puc.4. Omxkauk domomempa 3-x Tl SOLAR-T Ha npou380AbHbIli mennosoli CUzHAA HA e20 8x00e: d) — pemeHHOl psd OaHHbIX Ha
30-mMuHymHom ompe3Ke epemeHU npu paspewarouiel] cnocobHocmu no 8pemeHu 0,256 Mc; 6) — 8bIX0OHAS 80AHA, MODYAUPOBAH-
Has yacmomoli 20 Iy, 8) - GIM® (pe30HaHCcHbI nonocosoli puabmp) — cnekmp ¢ NUKAMU, pezucmpuposasiumucs Kaxxoble 256 mc
Fig. 4. Example of the 3 THz SOLAR-T data displays, responding to an arbitrary input heat level: a) - the time series in mV along
30 minutes, time resolution of 0.256 ms; b) - the waveform exhibiting the 20 Hz modulated output; c) - the FFT spectrum with
peak mV readings every 256 ms
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BlackTydex [12] siBisieTcsi OOIONHUTENIBHBIM OQHIIb-
TPOM HMKHHUX YacTOT, ellle CHJIbHee I0AaBsis 6IrK-
Hee K- ¥ BUZHMMOE H3/Ty4YeHHe.

Pe3oHaHCHBIE MeTa/I/IMYeCKHEe CeTYaThle I10JI0CO-
Bble QUIIBTPBL OBIIM pa3paboTaHBbl, a 3aTeM H3TOTOB-
JIeHBl W MCIIBITAHBL /IS Pa3M4YHBIX YacTOT B [BYyX
rpynmnax (B YHuBepcuTeTe KaMmnMHac U B Briciien
TeXHHU4YeCKOH IIKojle MakeH3u, bBpasunusga) [13].
®uibTpe 1jigd 3 U 7 TI' orpaHUYMBA/IH I10JI0CY IIPO-
IIyCKaHHKSA B IIpeiesiax +/~ 13% oT LeHTPaIbHO YacTOTEI
[I0 YPOBHIO IIOJIOBUHHOH MoOIIHOCTH [14]. IlonHoe
pe3y/IbTHUpYIOllee IPONYyCKaHUE [BYX KOMOHHHPO-
BaHHBIX OKOH M3 MaTepuana TPX, IOJI0COBBIX GHIIb-
TPOB B BHIE MeTa//IMUYeCKHUX CeTOK U MeMOPaHHOro
¢unprpa HU3KMX YacTtoT TydexBlack 6pu1o0 omTHMU-
3UPOBAaHO M M3MEPeHHU CIelHaTMCTAMH KOMIIAHHH
Tupmexc. PesynbTaThl IIOKa3aJikd XOpollee coIVlacHe
C pacH4eTHBIMH ITPOTHO3aMHU (PUC.2).

Pe3ynbTaThl  3aK/IIOYHMTENbHBIX  HUCIBITAHHU
SOLAR-T Ha Propertech, BXOOSINIMUX B KOMILJIEKC-
HBIM 3KCIIepUMeHT (pHC.3), IpelCcTaB/leHbl Ha PHUC.4.
BxogHOW pe30HAHCHBIM KaMePTOHHBIM MOAYIS-
TOp paboTaer Ha yactoTe 20 I'l. Moxynu o6paboTku
JAHHBIX CYMTBIBAIOT Pe3yJbTaThl C BBIXOLOB [BYX
JeTeKTopoB Toses ¢ yactoTor 500 I'1g (to ecTh 0,002 C).
OpraHu3anys cbopa AaHHBIX I103BO/ISIET CUUTBIBATDH
pe3y/IbTaThl B Pa3/IMYHbIX BEIOPAaHHBIX PeXKHMMax MpHU
PasHBIX yBeJHYEHUSIX C IIOMOIIBIO pa3paboTaHHOU
CIIeLMaJIbHO JJIS1 3TOr0 3KCIIePHMEHTAa IIPOrPaMMEBI,
[ONy4YHBIIer Ha3BaHUe ProSolarT. [Ipu mpoBeleHUHU
HCIBITAHHUHU U TeCTOB MBI MCIIOIb30Ba/IM IIOC/Ie0BA-
TeJIbHbIe ObICTpbIe ITpeobpa3oBaHist Pypbe BBIXOLHBIX
CHUTHAJIOB C KaskAoM U3 128 Touek (TO eCTb C BpeMeH-
HBIM paspemleHueM 0,256 ¢). [Toka3aHHS COXPaHSIIOTCS
B MoyJie cbopa ITaHHBIX, TaM JKe XPaHSITCS JaHHbIe 00
OIIOPHOM YacCTOTe M BCIIOMOIATe/bHBIX IOKa3aHHUSX,
HCIONb3yeMBbIX IPH ONHCAHHUHK CTaTyca I0JIe3HOMU
Harpy3KHU (HallpsiKeHUs, TeMIIepaTyphl U T.4.).

CUCTEMHDIE BJ/IOKUA

N NX XAPAKTEPUCTUKH

J1s1 MOHUTOPHUHTA IIPOLI@CCOB MCIIONB3YIOTCS METOLBI
TeJleMeTpUH. [Iy1st 6osbllerl KOMIIAKTHOCTH JaHHbBIE
IaKkeTHUPYIOTCS B 6/10KH, cofepsKkallye B OCHOBHOM
JaHHBIE C TOYeK, IIOCTYIalollye C pa3peleHHeM
256 McC, BpeMeHa OTCYeTOB, M Ba’KHbIe BCIIOMOIa-
Te/bHBIe H3MepeHMs. XapaKTepHble HabiomaTenb-
Hble TaHHBIE COXPAHSIOTCS U obpabareiBaoTcs. Kak
npumep, IokasaH HHTepdelic Ajng omgHoro 3 TIi-
doTomeTpa (puc.4.) Sueriku lornest 0bnamaroT AByMS
TUIIMYHBIMH  OTBeTHBIMM XapaKTePHUCTHKAMH,
COOTBETCTBYIOIIMMHM Ppe3yJIbTaTaM HabIOmeHUN:
BO-TIePBBIX, PIYKTYaLMH UX LIyMa IIOCTOSSHHBI, U 3TO
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Fig. 5. The 3 and 7 THz SOLAR-T photometers temperature
response calibration curves

the membrane which deflects the internal light
ray into an array of photo-detectors. The device is
highly sensitive to small input power variations.
Although originally intended for infra-red detection,
it has a nearly flat response from sub-THz to visible
radiation. Modern Golay cell [9] exhibits the best
sensitivity for input signal power variations at
THz frequencies compared to other options for
room temperature detectors: microbolometer and
pyroelectric [5,6]

Low pass filters are required to suppress the intense
background solar back-body radiation in the visible and
near infrared. Band pass filters are added, centered at
3and 7 THz. The two 76 mm Cassegrain telescopes have
roughened surfaces for partial diffusion of solar visible
and near infra-red radiation. This low pass technique
has been proposed for a solar IR space experiment
(10]. It was further developed, fabricated and tested
by our group [11]. The two rough mirrors deliver "cool"
radiation to the detecting system [5,6]. The BlackTydex
membrane [12] low pass filter was added for further
suppression of near IR and visible.

The resonant metal mesh band-pass filters
have been developed, fabricated and tested by the
Brazilian Campinas and Mackenzie groups for various
frequencies [13], and for 3 and 7 THz, with a half power
band of 13% of the central frequencies [14]. The total net
transmission adding the two combined TPX windows,
band-pass metal mesh filters and TydexBlack low pass
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[IpoCMaTpHBaeTCsl BO BCeM AHalla30He BXOOHBIX TeM-
IepaTyp; BO-BTOPbIX, 3HaUeHMs BHIXOAHOIO HaIIpssKe-
HUS IIPOIOPLIMOHAJIBHEL BXOAHBIM TeMIIepaTypHLIM
curHanaMm. KanubpoBouHele KpuBwle (puc.5) obecrie-
YHMBAIOT Npeobpa3oBaHUe M3MeHEeHHS TeMIIepaTypsl
¢ Ko3pduLeHTaMU nepecdeTa mas 3 T - 4,2 K/mB
u g7 T - 9,8 K/MB. Kak ¥ 05KUAJI0Ch, pe3y/IbTaThl
3KCIIePUMMEHTOB KaueCTBeHHO COIVIACYIOTCS IJIS OBYX
OOHOTHIHBIX sf4eeKk [ojies, Tak KaK MOILIHOCTb 4ep-
HOro TeJjla Ha 4acTtoTe 3 TT1] MeHbIlle 10 CPaBHEHUIO
C MOIIHOCTBIO Ha 7 TI'Li, a IIKMPHUHA [10/I0OCOBOrO PHIIb-
Tpa (T.e. 0Koso 13% OT IIeHTPaJIbHOM YacTOThI) 3HAUU-
TeqbHO MeHblIlle Ha 3 TI'1, ueM Ha 7 TT1I.

Ha puc.4a mpencTasiieH psaj JaHHBIX: cepus U3 7030
Pe3yJIbTaTOB HabnofeHUH, II0NTyIeHHbBIX B TedeHre 30
MHH. IDTO CpefHeKBaJpaTHYecKHe BapHallMU TeMIle-
paTypsl, IIpeobpa3oBaHHbIe B CpeIHEKBAJPATHYECKHE
3HaYeHHU I HaIlPsSsKeHM . B KadyecTBe IpHMepa Ha PUC.6
[IpeCTaBjIeHbl IJi CPaBHEHHS pe3y/lbIaThl HM3Mepe-
HUM CpeJlHEKBaJpaTHU4eCcKOro 3HaUeHHUs TeMIIepaTyp-
HBIX QIYKTyallMM, IOIy4YeHHBble C OGHOM TOUKH Ha
yacTtoTe 3 TI'L yepe3 Kaskable 256 MC, U COOTBETCTBY-
IOL[Me pe3y/lIbTaThl, IIOy4YeHHBle ITocae 0b6paboTku
JAaHHBIX C IISITH U JeCATH To4eK. Pe3ynbTar aBisercs
o4yeHb CTAaOMIBHBIM, 3TO obecrieurBaeT HeobXomrmoe
yciioBue ObHApysKeHHSI BBIOPOCOB COTHEYHBIX BCIIBI-
meK. A Ha 4yactoTe 7 TI1 3HAaUeHUSI BeIMYHHBI OKa-
3BIBAIOTCS TIOYTH B [1Ba pa3a bosnplme. TepareprieBblil
doromeTp SOLAR-T 103BOJISIeT OIIPEHEIHUTE OTHOCH-
Te/IbHBIe U3MeHeHHs TeMIlepaTypsl nopsiaka 1K c cy6-
CeKYHIHBIM BpeMeHHBIM paspelleHHeM. DTO COOTBET-
CTBYeT 3HaUeHMIO OT yMepPeHHOH /10 MaJIok IIJIOTHOCTH
II0TOKa OT COJTHEYHOM BCIIBIIIKH,

MOXXHO OLIEHUTh MHHHMAJIPHOE 3HAa4YeHHe IIJIOT-
HOCTH IOTOKa AS, perucTpupyeMor $oToMeTpaMH
SOLAR-T. IIpubnrskeHue Panes-[I>KHMHCA A1 YePHOTO
TeJa OCTAaeTCs CIPaBeIJIUBBIM JMJISI BBHIOPOCOB COJ-
HeUHBbIX BCHBINIeK U B Tli-guamasoHe 4acToT [15].
I[ITOTHOCTh MOIIHOCTH IOTOKAa OT BCIIBIIIEK CBsI3aHA
C BapHalUsIMHU U3OBITOYHON TeMIlepaTypsl AT, Haxo-
OAIIMMUCS Bbllle HabnomaeMon 6a30BOM JTHHUH,
XOPOILIO U3BEeCTHBIM COOTHoIIeHHeM [16]: AS=2kAT/A¢,
roe k - koHcTaHTa BonmbiiMaHa, a A® - 3ppeKTHBHAS
mtomazne gradparmsl (mpuyeM, A®=n?AP, rie n? SBIS-
eTCs allepTYPHBIM Ko3dUIIMeHTOM, a AP - 3To arep-
Typa peanpHON daKTHUecKOH AuadparMel. IIo3ToMy
B (QOKaJIBPHOM IIJIOCKOCTH H300paskeHHe CBETOBBIX
HCTOYHHKOB (COMHEYHBIX BCIIBIIIEK), YbH YIJIOBbIE
pasMepsl MMeEIOT MEHBIIHUI IOpSiIOK, YeM YIJIOBBHIE
pa3sMephl IIYYKOB, OIlpefeaseMblX JUOPaKIIMOHHBIM
npenenoM, 6ymeT BBIIIAAETh KakK Pa3MbIThle TOUKH Ha
boHe 1306paskeHUsI COTHEYHOrO OUCKA. sl TeecKo-
moB SOLART, pa60Ta10LuHx Ha JJIMHe BOJHBI /6 MM,

membrane has been optimized, and measured at
Tydex. The results agree with the project predictions
and are shown in Fig, 2.

Fig. 4 illustrates the SOLAR-T integrated
experiment undergoing final tests by Propertech (Fig.
3). The input resonant fork choppers operate at 20 Hz.
The two Golay cells outputs are read by data processing
modules that samples at a 500 Hz rate (i.e., 0.002
s). The data acquisition allows readings at various
selectable modes and gains, by specific software
developed for this experiment, named ProSolarT. For
the tests, and the current operational test application,
we have adopted successive fast Fourier transforms
of output signals every 128 data points (i.e., 0.256 s
time resolution). The readings are stored in the data
acquisition module, together with clock reference
and auxiliary readings describing the payload status
(voltages, temperatures, etc.).

SYSTEM INTEGRATION AND PERFORMANCE
The telemetry is for monitoring purposes. The data
packages are more compact, containing basically the
256 ms data points, clock, and principal auxiliary
measurement. The characteristic monitoring data

Original Data (1 sample per 256 ms)

O [pimamistsssibinlmbuliie b ool s iy

_2 C 1 1 1 1 1 1

0 1000 2000 3000 4000 5000 6000
Samples

Running Mean (5 points)

-2 1 1 1 1 1

1
6000

Temnepatypa, K/ Temperature, K

0 1000 2000 3000 4000 5000
Samples

Running Mean (10 points)

2

0F t =

2 L | | | I I |

0 1000 2000 3000 4000 5000 6000
Samples

Puc.6. [Mpumep cpedHeksaopamu4HblX OMKAOHEHUL 8X00HOL
memnepamypbl Ha Yacmome 3 Ty, Ha 30-MUHYMHoOM 8pe-
MeHHOM UHmepaane (05 pe3yAbmamos Ha puc. 4a)

Fig. 6. Example of 3 THz input temperature r.m.s. variations,
on a 30 minutes time interval, as displayed in Fig. 4(a)
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3TH 3HaueHHs COOTBETCTBYIOT 27" Ha 3 TI' u 12" Ha 7
TT1.

JddexTHBHAA OUadparmMa PacCYUTHIBAETCS KakK
[IpoM3BefieHHe 4YeThipex KO3QOHUIIMeHTOB IIPOIIyCKa-
Hus: ycrporictBa TydexBlack, ¢uasrpa us TPX (oxono
0,85 Ha 3 Tl u 0,7 B 7 TT1 [12]), mo0coBOrO QUIIb-
Tpa Ha OCHOBe MeTaJIMYeCKOH CeTKH, PaCIIOIOKeH-
HOrO B IlepefHeN YacTH s4eHKy lones (mpubnusu-
TenbHO 0KOoJ10 0,35 Ha 3 TT1 1 0,29 Ha 7 TT11, cMm. pI/IC.Z)
U YCTPOMCTB PeasIbHOM OJIOKHMPOBKHU CybOTpaskaTemns-
HBIX CTPYKTYP (IO OLleHKaM, 3To cocTasnset 0,85 gys
0berx YacToOT) U oTpaskaTess rpyboi nepegauu (Impen-
BapHUTeNbHAasl OLleHKa Aana koddpdunueHt 0,9 mus
0benx yacrotr). TakumMm obpaszom, 4ucras 3bdeKTUB-
Has Auadparma na oKasblBaeTCs PaBHOM NPHUMEPHO
0,23 Ha 3 TT1 1 0,15 B 7 TT'11 cooTBeTCTBEeHHO. [Io3TOMY
OIS U3MepeHHs Ha obeHnxX 4YacToTaX OTHOCHUTENb-
HOro M3MeHeHHs TeMiepatypsl AT=0,5 K mony4yaem
MHHHMaJ/IBHBIN PeTUCTPHUPYeMBbIE IIOTOK IVIOTHOCTBIO
AS~140 sfu 1 200 sfu Ha 3 1 7 TI'1] COOTBETCTBEHHO, YTO
[I0Ka3blBaeT UHTEHCHBHOCTH BCIIBIIIEK OT YMepeH-
HbIX 00 Mabix (solar flux units - sfu - conHeuHble equ-
HUIIEI I0TOKA; 1 sfu=1022 Br/m2-T1rl).

XAPAKTEPUCTUKU TEJIEMETPUYECKOW
CUCTEMDI

J1s1 KOHTPOJISA 3a IoKasaHUAMHU TT1-oToMeTpa 0CHOB-
Hble OOPTOBBIe JaHHBIE, BpeMeHa OTCUeTOB M BCIIOMOTa-
TeJIbHbIe M3MePeHHU S IIePeJal0TCs Ha 3 MJIIO0 C IIOMOILIbIO
TeJleMeTPUHU, HCIIONb3Ysl BO3MOKHOCTH Iridium-ceTH.
TenelvleTqueCI(m?I MOZYJb (TM) cocToUT U3 MozeMa
(mopens Iridium 9602) [17], 371eKTPOHHBIX CXeM, KOTO-
pble SBJIAIOTCS OCHOBHBIMM KOMIIOHEHTAMH MHKPO-
KOHTPOJIJIepPOB, YHIIOB MaMSTH, JHHEHHOIO Peryns-
Topa u DC/DC-mpeobpa3oBaTens. Momem mepenaer
U IpUHHMaeT LUOPOBLIe MMaKeThl NJAaHHBIX 4Yepes cep-
BUC KOPOTKHUX ITaKeTHBIX JaHHBIX Iridium SBD (Short
Burst Data) [18]. MakcHMa/pHBIM pa3mep IIaKeTOB,
IepefaBaeMbIX Ha 3eMIII0, JOJIKeH HMeTh obbem 340
6amT, a pa3mep mnepefaBaeMsbIx ¢ 3eMiH - 270 6aiit. TM
MOZY/Ib Pa3MelleH B AIIOMUHHEBOM Kopobe pasmepoM
15 x 7 x 5 cM, 32 UCK/IIOUYeHHeM aHTeHH, KOTOpble COOH-
paroTCs B OTAENbHO JleTaromeM 6asuioHe. CyIiecTByeT
3a/lep’KKa B Ilepefade JAHHBIX II0 JTUHWUH basjioH-
3eMJIs, IIO3TOMY Pery/IspHO, IIPUMEPHO uepes KasKable
20, c ITPOBOAST OOIIMPHBIE ITPOBEPOYHBIE TECTHI.

Jly1s1 IpoBeJileHH sl OKOHYATeIbHOTO TecTa Ha pabo-
TOCIIOCOOHOCTH 6bLJI COOPAH IMOTHBIN KOMILIEKT GOTO-
MeTpuuecKon cucTeMbl SOLART Ha 3 u 7 TI'Ly B coe-
OUHeHHH C MOLYIsIMU cbopa JaHHBIX U TelleMeTPHUH
(puc.7 u 8). AHTeHHa Iridium mnst SOLAR-T Tpebyer
IJIs1 CBOEH PaboThI IIMPOKOTO YIJIOBOTO ITOMISI 3peHHUSI.
[Tos3TOMy MBI IOMECTHJIN €€ B BePXHeH YaCTH MadThI,
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Puc.7. ®omomempbl SOLAR-T Ha 3 u7 TT'u, 6 cbope 6 xooe
(UHANBbHBIX IKCNAYAMAUUOHHbIX U NPUeMO-COaMOYHbBIX UCNbl-
manuli (Ha 8x0d Ka)@o20 meneckona nodasanu menaogoti
CUZHAA U 0CYW,ecmensinu coop, aHaAu3, 3anuck OAHHBIX U UX
nepedavy 8 meaemempu4eckyto cucmemy Iridium; aHmeHHbl
cucmembl (He NoKA3aHbl) HAX0dsmcsl 8 eepxHeli yacmu
Maymei)

Fig. 7. The SOLAR-T 3 and 7 THz photometers complete
assembly, undergoing final performance and acceptance
tests.. Each telescope received heat input signal, to acquire
data, analyse, store and transmit to the Iridium telemetry
system. The Iridium antennas are in the top of a mast, not
seen in this picture.

acquired, stored and processed as displayed for one
photometer 3 THz) in Fig. 4 (a-c).

The Colay cells have two typical response
characteristics relevant for the observations: (1)
their noise fluctuation is constant and the same for
the whole range of input temperatures and (2) the
voltage outputs are proportional to the input signal
temperatures. The test calibration curves shown in
Fig. 5 provide conversion factors for temperature
variations of 4.2 K/mV at 3 THz and 9.8 K/mV at 7 THz.
The result is qualitatively consistent, as expected for
two similar Golay cells, since at 3 THz the blackbody
power is smaller compared to 7 THz, and the frequency
band-pass (i.e. about 13% of the central frequency)
considerably smaller at 3 THz than at 7 THz.

The 30 minutes 7030 time series data points, as
displayed in Fig. 4(a) are reduced into voltage r.m.s.
variations relative to the mean value converted into
temperature r.m.s. variations. As an example Fig. 6
shows the 3 THz relative r.m.s. temperature variations
for one point every 256 ms, and with 5 and 10 points
running means. The output is very stable, whichis
a necessary condition for the detections of excesses
produced by burst transients. At 7 THz the values are



BMECTO TOr0, YTOOBI IIOAHHMAaTh HaBepX BCIO IIO/Ie3-
HYI0 Harpysky (puc.9).

OnuH HeKaJTHUOpPOBAaHHBIN BBICOKOTEMIIEPATYP-
HBIM HMCTOYHMK H3JIy4eHHs IIOMeNaJIh Iepej Kak-
ObIM GOTOMETPOM M CIIeLIMaJIbHBIM IIOIJIOTUTEeIeM
KM3MepSUIH YPOBEHb MOITHOCTH 3TOr0 M3/IyYeHHUs CHa-
PyXu U BHYTpU GOTOMETPOB. [BaAllaTUMUHYTHbIE
HabophI JaHHBIX, [IONTy4YeHHBbIe C pa3penieHuem 0,256
MC, COXpaHsuTH "Ha 6opty" SOLART, manee mepena-
BaJIM Ha CIYTHHK Iridium u cHOBa MpUMHHMMAaIK Ha
Ha3eMHOH CTaHUMH. [IpuMep TaKUX psifoB Habnoze-
HHH, [IOJIyYeHHbIX Ha 3 1 7 TT1] COOTBETCTBEHHO, IIPO-
HJTIOCTPUPOBaH (puc.10.). OHU IpeCcTaBIsIoT cobok
3aBUCHMOCTb HaIlPsyKeHHS B MHJIJIMBOJIBTAX OT Bpe-
MeHH. IIpe/IBapHUTeIBHO MHJIIHBOJIBTOBEIE Koyeba-
HUSI HaIpSDKeHUS! ObUTM OTKaTHOPOBAHBI IO SKBH-
BaJIEHTHBIM H3MeHeHUSIM TeMIepaTypsrl. Ilopsmox
M3MeHEeHHS TeMIIePaTypPHBIX BeJIMYHH COCTaBJ/IsSeT
okoio 1 K u MeHbIIe (CM. pHc.G). 3aMeTHBI II0C/Ieay-
Iolf{e M3MeHeHHsI B Habope JaHHBIX, ITPOSIB/ISIONIU-
ecs B xofie ux Iepefauu (puc.10), HO OHU BBI3BaHBI
He IPOsIBJIeHHeM HeCTabHIBHOCTH HMHCTPYyMEHTa, a
SIBJISIIOTCS CJIEICTBHEM CKOPOCTHBIX ITPOLIEAYP U Pery-
JUPOBKH IIOr/IOMeHUs. OTAENIbHO IPH MPOBeAeHHUH
3KCIIEPUMEHTA B Lie/six obecriedeHHsI H30BITOYHOCTH
3KCIIepPHMEHTAJIBHBIX Pe3yJbTaToB ObUIM HCIIONIb30-
BaHBI Opyryue psAbl HOEHTHUYHBIX HTAHHBIX: CepUU
IIOJIyYeHHBIX Pe3yJbTaTOB, a TaKXKe COXpaHseMble
pe3y/IbTaThl U NepefaHHble Ha Iridium-monyns [5].

3AKJIIO4YEHUE

Mel mokasanu pabotocriocobHocTh 3- U 7-IT1 doro-
MeTpOB, HCIIONb3yIOMUX S49eHKH loiess B KadecTBe
IeTeKTOPOB, QHJIETPhI HHU3KHUX YaCTOT U II0JI0OCOBHIE
GUIBTPBl, MHTEIPHPOBAHHBIE C CHCcTeMaMHu cbopa,
06paboTKU MAaHHBIX U TeleMeTPHUU. YPOBEHb BBIXO[-
HOTO HAIIpsDKeHHS OTOMETPOB O4YeHb CTAOMIIBHBIM,
3T0 obecrieurBaeT HeobxofyMoe yCIOBHe ISl JeTek-
TUPOBAHHUS OTHOCHUTE/NBHO HeOONBIINX H3MeHe-
HUH IIOTOKOB COJHEYHBIX BCIBINIEK. ObInee BBIXOM-
HOe HAIpsKeHHe I[IPOIOPLMOHAIIBHO TeMIlepaType
OT MCTOYHMKA, PACIIOIOKEHHOTO Iepe] TeIeCKOIIOM.
BennuunHa QIyKTyallH BBIXOLHOIO MIyMa IIPOIOPLIH-
OHaJ/IbHA M3MeHeHHSM BXOJHOH TeMIIepaTyphl K 0CTa-
eTCsl OIMHAKOBOM JJIS1 TEIIJIOBBIX HCTOUHMKOB Pa3HOM
momaau. HabniofeHus: BO BpeMeHHU BBISIBUIH, UTO
OTHOCHUTE/IbHOE IIpeBhIlIeHHe BeJIWYHHB (PIyKTya-
LIMI Haf 6a30BBIM yPOBHEM He 3aBUCHUT OT BPeMeHH.
[TosTOMY, YYMTBIBasl IIPOIOPLIMOHAIBHOCTE AVoc AT,
HabnomaeMble H3MeHEHHS! CpefHeKBaJAPaTHU4YHOM
BEeJIMYMHEBI CBUAETEJIbCTBYIOT O IIOSBJIGHHM COJTHEY-
HOM BCIBIIIKK BenHunHOM 100 sfu, 3apurcupoBaH-
HOM € CybCeKyH/IHBIM pa3pelleHHeM.

OPTICAL DEVICES m
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Puc.8. SxcnepumeHmanbHast ycmaHoeKa 0Asi mecmuposaHus
mepazepuesbix pomomempos SOLAR-T, pazpabomarHas
KomnaHueli Propertech (Kakapeu, Can-Tayno, bpasuaus).
Fig.8. The completed SOLAR-T THz photometers experiment
assembled by Propertech (Jacarei, SP, Brazil) laboratory, to be
submitted to tests

nearly twice larger. The SOLAR-T THz photometers can
detect relative temperature variations of the order of
1K at sub second time resolution. This corresponds to
moderate to small solar burst flux densities.

The SOLART photometers minimum detectable
flux densities AS can be estimated. The Rayleigh-Jeans
approximation for blackbody emission remains valid
in the THz range of frequencies [15]. The burst flux

Puc.9. bopmosas ycmaHoska SOLAR-T, coeduHeHHas

C aHmeHHol cucmembl Iridium 8 8epxHeli yacmu maymsi

Fig. 9. SOLAR-T “on-board” setup coupled to Iridium antenna
at the top of the mast
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Habop coxpaHeHHbIX aHHbIX 415 nepefayn (3 Ty, Bpems — 20 MUH)
3 THz on-board set of 20 minutes of stored data for transmission
8103 8103
7,510 7,510
7103 7:1073
6,5-10% v w 6,510%
> 6103 ' 610% g
g 5,5-10°3 I’ 5,510% &
x n ' s
§ 5103 510 &
= 45107 4510% 2
g 410° 410 i
é 3,51073 m 3,5:103 %
2. 3103 3103 §
& 2,510 h 2,5107 %
2:103 2103 F
1,510% i 1,510°
1-10% 1-103
510 510
18:41:15763 18:45:56375 18:50:17072 18:56:17756 18:59:58468
a) Bpemsa /Time
Habop AaHHbIX NepefaHHbIX Ha Ha3eMHyIo cTaHumio (3 TTu, Bpems — 20 MUH)
3 THz set of 20 minutes data received by group station
8107 8103
7,510 i 7,510
7-10% 7-103
6,510 : 6,510%
; 6-10% i 6-103 9_3)
= 5510° 55107 &
= 510° 1510° S
E 4,510 4510° 2
g 410° {41073 i
é 3,510 m 3,510 g
% 3103 3103 %
5 2,510% Iy wl 2510° S
2:10% 42103 &
1,510 11,5107
1103 ' 4 1107
5104 1 510
21:41:15.760 21:45:56.521 21:50:37.138 21:53:17.810 21:59:38.563
6) Bpems / Time
Puc.10. P50 0aHHbIX, 3ape2ucmpupo8aHHbix Ha 20-MUHYMHOM uHmepsaane Ha yacmome 3 Ty, npu pa3spewaroweli cnocobHocmu
no 8pemeHu 256 MC: a)— COXpaHeHHbix ds nocaedyrolieli nepedaqu ¢ NOMOLLbI CAYXKEbI nepedayu Kopomkux coobuieHuli (SBD)
cucmembl Iridium; 6) = Ha60p daHHbIX, NepedaHHbIll Ha HA3eMHY CMAHUUI0 6e3 nomepu UHGopmayuu
Fig. 10. Example of 3 THz 20 minutes data time series, time resolution of 256 ms, acquired and stored for transmission at the
top (a). After transmission via Iridium short-burst-data- services, the data set received by the ground station, in the bottom
panel (b), without any loss of information
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Puc.11.GRIPS-zoHd0Aa. [10A0XeHUe 3KcnepuMeHmanbHol
ycmaHoaku SOLAR-T Ha wmaHze 2amma-demekmopa (paz-
pabomaHHo20 8 YHUsepcumeme Gepkau, KaaugopHus, CLLA),
Komopblli bydem pasmeleH Ha cmpamocmame 80 8pemsl
Npo0o/AKUMenbHo20 nonema Had AHmapkmuaooL

Fig. 11.GRIPS-gondola. The designed position of SOLAR-T
experiment on the boom of the UC Berkeley gamma ray
detector GRIPS, to be carried on a stratospheric balloon long
duration flight over Antarctica

OKCIepUMMeHTHl B CTpaTrochepe C ydYyacTueM
SOLART npouayT B 2014-2016 romax, Korga 6y/:[yT
3aIylieHbl [OBa CTpaToCchepHBIX IIapa B paMKax
GRIPS-akcIleprMeHTa II0 H3Y4YeHHI0 TaMMa-lydel
[19]. OnuH U3 HUX OymeT mpegHa3HaueH IS IoIeTa
HaJ, AHTapKTHJOH, €ro OCYyIIeCTB/seT YHHUBEPCUTET
Kanudopuuu, bepxnu (CIIA), mi1aHupyeMas Ipo#o-
SKATe/IbHOCTD 3KCIIePUMeHTa -~ Be HeJe/lu. BTopoi -
O7s IojeTa Haf, Poccuel, IpoHIeT B COTPyLHHYe-
cTBe ¢ Pu3MYeCKUM HHCTUTYTOoM HM.A.H.JlebeneBa
PAH (OHMAH), MockBa (Poccus), ero IJHUTEIbHOCTH
7-10 nHeri. ABTOHOMHBI® aBTOMAaTHUYeCKUE TOHIOJIBI
(puc.1l) nns HabnogeHUS COTHEYHBIX BCIIBILIEK
pa3spaboTraHbl B KanndOpHUICKOM YHHBeEpCHTeTe
B CaHTa-bap6ape (CIIIA).

MBI BBIpa’kaeM IIpM3HATEJIBHOCTh OPraHHU3a-
LMsAM, IIPUHABIIMM y4YacTHe B QUHAHCHUPOBAHUU
Hamler paboTbl. JTa MporpaMMa 4YacTUYHO GUHAH-
CHpoOBaJjiach areHTCTBaMH bpasunuu - FAPESP, CNPq
INCT-NAMITEC, CNPq u Mackpesquisa, areHTCTBOM
AprenTuHbl - CONICET u arentcTBoMm CIIIA - AFOSR.

JINTEPATYPA

1. Kaufmann P. et al. A new solar burst spectral
component emitting only in the terahertz range. -
Astrophys.J., 2004, L121,v. 603.

2. Kaufmann P. et al. A bright impulsive solar burst
detected at 30 THz . - Astrophys. J., 2013, v. 768,
p-134.

i g

density is related to the excess temperature variations
AT, above the observed baseline, according to the well
known relationship [16] AS = 2 k AT/A, where k is the
Boltzmann constant and A, the effective aperture
area, A, = n,A, where n, is the aperture efficiency and
A, the aperture physical area. This assumption stands
for burst sources with angular sizes of the order or
smaller than the diffraction-limited beams angular
sizes as seen from points located on the blurred solar
disk image formed at the focal plane. For the 70 mm
SOLART telescopes they correspond to 27" and 12" at 3
and 7 THz respectively.

The aperture efficiency is estimated as the product
of four transmissions: the TydexBlack, TPX and metal
mesh band-pass filters in front of the Colay cell (about
0.35 at 3 THz and 0.29 at 7 THz as measured, see Fig.
2), the input TPX window (about 0.85 at 3 THz and 0.7
at 7 THz [12]), the physical blockage of subreflector
structure (estimated 0.85 for both frequencies) and
rough reflector transmission (preliminary estimate of
0.9 at both frequencies). The net aperture efficiencies
n, become approximately 0.23 at 3 THz and 0.15 THz
at 7 THz, respectively. Thus for relative temperature
variations AT ~ 0.5 K at both frequencies we
obtain the minimum detectable flux densities AS
~ 140 sfu and 200 sfu at 3 and 7 THz, respectively
(1 sfu = 1022 W2?Hz!), corresponding to moderate
to small burst intensities.

TELEMETRY PERFORMANCE

To monitor the THz photometers principal data
acquired onboard, clock, and auxiliary measurements
are transmitted to ground by telemetry using the
Iridium satellite network. The telemetry (TM) module
is composed by a model 9602 Iridium modem [17] and
an electronic circuitry which main components are a
microcontroller, memory chip, linear regulator and a
DC/DC converter. The modem transmits and receives
digital data packages through the Iridium SBD -
Short Burst Data - service [18]. Packages transmitted
to ground have the maximum size of 340 bytes
and those received from ground of 270 bytes. The
TM module is housed in an aluminum milled box
sized 15 x 7 x 5 cm, except by the antenna which
is assembled in adequate position in the balloon
boom. The balloon-to-ground transmission latency,
still being verified through more extensive tests, is
approximately 20 seconds.

The complete SOLART 3- and 7-THz photometers
system coupled to data acquisition and telemetry
modules have been assembled for the definitive
performance tests, as illustrated in Fig. 7 and 8. The
SOLART Iridium antenna requires a wide angular
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field of view. We have placed it at the top of a mast,
instead of lifting up the entire payload (Fig. 9).

One uncalibrated high temperature source has
been placed in and out of each photometer. Sets of 20
minutes of data acquired, with 0.256 ms resolution,
were stored "on-board" the SOLAR-T, transmitted
to the Iridium satellites, and received back by the
ground station. We show in Fig. 10 examples of 20
minutes data set stored, transmitted and received,
together with the clock indications, at 3 and 7
THz respectively. Data are in mV vs. time. The mV
fluctuations were previously calibrated to equivalent
temperature variations. They are of the order or
smaller than about 1K (Fig. 6). Larger transient
changes seen in the transmitted and received data
sets (Fig. 10) are not due to the instrument instability,
but to artifacts caused by rapid handlings and
absorber adjustments.

A separated identical data acquisition, storage and
Iridium transmission and reception were also built in
the respective modules for redundancy purposes [5].

FINAL REMARKS

We have shown the performance of the 3 and 7
THz photometers, using Golay cell detectors, low
pass and band-pass filters, integrated to data
acquisition, processing, and telemetry. The output
voltage level is very stable, which is a necessary
condition to detect small relative changes. The total
voltage output is proportional to the temperature
of the source placed in front of the telescopes. The
output noise fluctuations proportionality to the
input temperature fluctuations remain the same for
different input heat source areas. The relative excess
fluctuations are irrespective from the baseline level
of the time series. Relative one r.m.s. changes
observed AV oc AT correspond to excess transient solar
burst fluxes of the order of 100 SFU, at subsecond
time resolution.

The SOLART experiment shall fly on two long
duration stratospheric balloon missions (2014-2016).
One coupled to the gamma ray experiment GRIPS [19] of
University of California, Berkeley, USA, over Antarctica
(two weeks), and another over Russia (7-10 days) in
cooperation with the Lebedev Physical Institute,
Moscow, Russia, on an autonomous automatic Sun
tracking gondola (Fig. 11) developed by University of
California, Santa Barbara, USA.

ACKNOWLEDGMENTS

This program was partially funded by Brazil
agencies FAPESP, CNPq INCT-NAMITEC, CNPq, and
Mackpesquisa, Argentina CONICET and US AFOSR.



LT
s OPTICAL DEVICES

PHOTONICS N25/41/2013 57



