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Abstract— The newly found solar flare spectral component with
intensities increasing for larger sub-THz frequencies, brings
challenging constraints for interpretation. Higher THz
frequencies obser vations are needed to understand the nature of
the mechanisms involved. A two-frequency THz photometer
system was developed to observe outside the terrestrial
atmosphere on stratospheric balloons. Two 76 mm diameter
telescopes wer e designed to observe the whole solar disk detecting
small relative temperature changes caused by flares at localized
positions at 3 and 7 THz. Golay cell detectors are preceded by
low-pass filters to suppress visible and near IR radiation, band-
pass filters, and choppers. It can detect temperature variations
smaller than 1 K with time resolution of a fraction of a second,
corresponding to small burst intensities. The photometers are
assembled in a thermal controlled box to which data acquisition
and telemetry systems are coupled. A laboratory THz
photometer prototype was developed. The SOLAR-T flying
model has been completed. It is planned to fly on board of long-
duration stratospheric balloon flights in 2013-2015. One will be
coupled to the GRIPS gamma-ray experiment in cooperation
with University of California, Berkeley, USA with one test flight
in US, and a 2 weeks flight over Antarctica during local summer.
Another flight over Russia (one week) is planned in cooperation
with the Lebedev Physics Institute, Moscow, during local
summer .
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. THZz CONTINUUM PHOTOMETRY

To fully understand the nature of the high frequenc
emission in flares it is necessary to measure traptete
continuum spectra at higher THz frequencies. Thijuires
observations with detectors placed outside theeséial
atmosphere, as it has been done at far IR for otar-s
experiments on SOFIA high altitude aircraft [1], @3
experiment on HERSCHEL satellite [2], a solar sdagn
experiment on a stratospheric balloon [3], or tlgfouew
atmospheric THz transmission “windows” at excepdibn
good high altitude ground based locations [4].

A THz photometer prototype
temperature bursts in the continuum has been ssicdlys
assembled, together with an “artificial Sun” caditton source
[5]. The difficulty to observe the whole solar diskith
sufficient sensitivity to detect flares subtended much
smaller sizes was solved with an
concentrator [6] that combines the formation a $olar image
size d at the focal plane, according to the welbvin
relationship f tar® = d, where f is the aperture focal length
and 0 is the angular size of the Sun, with another wetiwn
relationship relating the minimum detectable flA$ of a
small source to the observed excess temperatursi¢rdAT

to measure transient

innovative photon



inversely proportional to the aperture areaZ¥s = 2 kKAT/A,,
where k is the Boltzmann constant.

The response to temperature variations and stalvilts
derived from 23.7 minutes measurements responassteady
temperature increase from 600 to 1300 K.

Criginal i]::ﬂ;a [10 sa'rnples per s'econd ]

1400

1200

1000

Temperature [ K]

200

L L L L L L
2.0.10*  4.040°  6.0410* 80107 1.0-10° 1.2-10¢ 1.4+
T T T

T T
Running Maan [ 10 points |

04

1400

1200

1000

Temperatura [ K ]

2.0-10% 4.0-108° 6.0-10° 8.0-10° 1.0-10° 1.2-10% 1.4
Running Mean [ 100 paints |

1400

1200

1000

Temperatura [ K ]

800

6.0-10° 80107 1010 12a0t 14e0®

Samples

2.0-10*  4.0-10°

Figure 1 The 2 THz prototype measured output for temperattaeging 600-
1300 K for three smoothing times (after [5]).
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Figure 2. The Allan Deviation statistics for varfosmoothing times shows
that() 1 K is detectable for running mean of 4 secoafter([5]).

The results are shown in Fig. 1, for three diffémemning
means. The photometer system has a linear volegponse
to temperatures, and the system temperature rloitedtions
remain the same for the whole range of temperatures

The system stability is better described using mAlla
statistics. The Allan Deviation is shown in Fig.IRindicates
that the system is very stable and suitable foatired
variations in temperature. Temperature variatidnthe order
of £ 1 K can be detected for running means along aelar
than 4 seconds (for data sampled at 10/s rate).

The noise equivalent power (NEP) for the whole eayst
might be estimated. For signal-to-noise ratio eqalone,
NEP = APs (1)°° [7], whereAPs = 2 kAT Af is the noise
equivalent power fluctuations measured within adbpassAf,
and k the Boltzmann constant. The 2 THz metal nfitsn
band pass\f is of about+ 10 percent or 4 IH Hz. With
integration time of = 0.2 s it has been measued= 40 K at
the RC integrator output. We obtain NER2 10" W HZz°*.
This approximate estimate is twice the nominal @atall
specification using 20 Hz chopper [8].

II.  THE3AND 7 THZ PHOTOMETERS FOR STRATOSPHERIC
BALLOON PLATFORM

A THz dual frequency photometer system to operate
outside the terrestrial atmosphere is currenthyndpdiuilt. It
has been designed accordingly to the prototypelichied to
operate at two central frequencies, 3 and 7 THzh wi
modification in the optics and mechanical assentblye
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Figure 3. The SOLAR-T photometers assembly conadquive. The diagram
in the bottom panel shows at right the Golay celtedtor, preceded by
TydexBlack low-pass filter membrane, a resonantahmaesh band-pass filter
and a resonant fork 20 Hz chopper. The 76 mm Ceasiseglescope at right
has a rough surface to further diffuse the viséisld near IR radiation.



operated on board of long-duration stratospheriioba
flights. The experiment has been labeled SOLAR-if. B
shows the schematic diagram for one photometer thieh
upper panel giving a possible two channel
configuration.

Two 76 mm Cassegrain telescopes have been falatieate
“Bernard Lyot” Solar Observatory. They have 76 moed
length, 25 mm secondary convex mirror with -25.8 fiocal
length. The overall effective focal length of thasSegrain is
related to the system magnification, which depeatighe
secondary distance from the primary (see for exanfip0]).
The two mirrors have been adjusted optically tadpae a 500
mm focal length, before the primary reflector haser
roughened. This setup produces a solar disk imagedamm
at the system focal plane, smaller than the Goddlyl® mm

Figure 4. The two 76 mm SOLAR-T Cassegrain telessppith roughened
primary reflectors.

Figure 5. The laboratory setup to test the SOLARelescopes: (1) the
blackbody source, (2) diaphragm to set an “aréificiSun diameter at the
focus of (3) concave mirror, (4) one 76 mm teles;dp) Golay cell, (6,7, 8):
the BlackTydex low-pass filter, the 2 THz resonargtal mesh band pass
filter, and the resonant fork chopper, respectively

photon trap cone placed in front sensitive surfadee solar
disk image on the focal plane may be displaced bputa5
mm from the center and still have all radiation toins
reaching the detector. The resulting tolerance langu

concep
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Figure 6. The 2 THz radiometer system responsenbpérature variations
from the “artificial” solar disk source, shownHhig. 5

displacement is equivalent to an accepting angletouP.6
degrees, through which all photons are detected.

The Cassegrain telescopes are shown in Fig. 4. Each
telescope has been successfully tested for visibtenear-IR
diffusion effectiveness, and for their responsdetimperature
changes, using the setup shown in Fig. 5.

The system response for temperatures is dlott€ig. 6. It
was nearly identical for both Cassegrain telescopes

. THE SOLART ASSEMBLY

The telescopes and the metal mesh 3 and 7 THz passl-
filters (fabricated at CCS/Unicamp, in Brazil) wesent to
Tydex, in St. Petersburg, where they were intedgratethe
complete photometers thermalized box. The powepl®gp
by external source (such as the GRIPS experimedtl be
regulated at the SOLAR-T unit.

PREDICTED SOLAR-T
EXPERIMENT POSITION

Figure 7. The SOLAR-T location on the boom of thRIBS gamma-ray
experiment. The experiment points to the Sun, éléft. It will be lifted at
the altitude of 30-40 km in the stratosphere
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The SOLAR-T data acquisition and conditioning sigbsmn
and the telemetry unit are being developed anddatied in

Brazil by Propertech (Jacarei, SP) and Neuron (88é dos
respectively. Figure 7 shows the
SOLAR-T location on the boom of the huge GRIPS

Campos) companies,

experiment. The data acquisition block diagramshewn in
Fig. 8. It shall be able to operate independentiynf GRIPS,
with it own GPS clock. The system consists in tweUS that
read output signals from the two Golay cells, wiin

arrangement of four data reading modules, to assure
redundancy, in the case one of them fails. Othex bo
rates (voltages,

parameters will be read at slower
temperatures). After first processing the radiomsgedata
rates will be 10/second. Data will be stored onrddar the
whole mission.

Compacted data, clock and auxiliary data tdor&esmitted
is interfaced to the telemetry system, based aliuim satellite
network.  The
communications from Antarctica, The block diagraon the

telemetry subsystem is shown in Fig. 9. It is cosgubby a

model 9602 Iridium modem [11] and an electronicuitry
which main components are a microcontroller, menwuirip,
linear regulator and a DC/DC converter. The modemsimits
and receives digital data packages through theumdsBD —
Short Burst Data — service [12]. Data packagesstrétted to

ground have the maximum size of 340 bytes and those

received from ground of 270 bytes.

Actual Iridium network latency for transmittingind
receiving data packages as well as modem heatiriggdeach
transmission burst will eventually establish theximaum data
package transmission rate and, consequently, tleendéry
channel capacity. A preliminary figure for one-diien
latency is 20 seconds maximum.

The telemetry subsystem functions are: a) tatrob 9602
modem to establish communication with the Iridiugtwork
satellites and monitoring of communication stathy; to
control the interface of 9602 modem and Propertdata
acquisition module to allow transmission and reicepof data
packages to and from ground; c) to condition thdoba

power bus to generate the required subsystem sagond

voltages; d) to generate telemetry subsystem wwltagd

temperature telemetries to allow monitoring ane saferation

of 9602 modem.

IV. CONCLUDING REMARKS

The SOLAR-T experiment with the 3 and 7 THz

photometers has been completed and tested at Tualder
vacuum and low temperature conditions. The sealted ib
shown in Fig. 10. Fig. 11 shows the complete setith the

data acquisition and telemetry modules added. ptasned to

fly on board of a long-duration stratospheric batioflights
somewhere in 2013-2015. One of them will be couptethe
GRIPS gamma-ray experiment [9]
University of California, Berkeley, US. One engiriag flight
is scheduled in USA, and a 2 weeks flight over Asttea
during local summer. Another long duration stratesjc
balloon flight over Russia (one week) is planned

Iridium network is the best suitedr fo

in cooperation with

Figure 10. The SOLAR-T 3 and 7 THz photometers meted at Tydex,
Saint Petersburg, before shipment to Brazil.

in cooperation with Lebedev Physics Institute, Mnsc
(during northern hemisphere summer).

The SOLAR-T full integration to the data acqusitiand
telemetry are being carried out in Brazil, with theaticipation
of the three companies. They include complete sitians of
data acquisition, down link and telecomands as aglests of
operations under balloon environmental conditiofigsts
under vacuum conditions are scheduled to be caraied
"Bernard Lyot" Solar Observatory, Campinas, Brazhd
under low temperature environment (-60 C) at Cemnteo
Tecnologia da Informacdo Renato Archer - CTI, Camapj
Brazil. The integration of the experiment befight will be
carried out together with the stratospheric balldéeams at
before the respective missions.

L

Figure 11. The complete SOLAR-T experiment wita thata acquisition and
telemetry modules added. The arms hold the twaulmdantennas
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