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Summary 

          

Ground- and space-based observations of solar flares from radio wavelengths to 

gamma-rays have produced considerable insights but raised several unsolved 

controversies. The last unexplored wavelength frontier for solar flares is in the range of 

submillimeter and infrared wavelengths. Although the central focus of this proposal is 

on the description of solar activity at GHz; sub-THz and THz frequencies, it will be 

essential to analyze their relationships to observations at other radio, visible and higher 

UV, X- and gamma-ray energy frequency ranges, attempting to find new clues to 

understand the processes of energy build up and explosive release in active regions.  

To attain these objectives we propose a special effort along the declining phase of the 

current Solar Cycle 24 (2014-2018), maintaining ongoing programs and recently 

implemented new experimental facilities at El Leoncito, Argentina Andes, high altitude 

observatory. The proposal includes Solar flare diagnostic from ground-based 

observations from mm- to submm-wavelengths, far infrared, visible, complemented by 

helio-physical surveys of solar cosmic rays, space –weather effects on low terrestrial 

ionosphere via VLF propagation anomalies and atmosphere electric field disturbances. 

Special efforts will be given for the interpretation of results from solar flare THz 

emission, associated emissions at other wavelengths, in radio, visible, UV, X- and 

gamma-rays. Attention will be given to high energy physical processes occurring in 

solar flare particle acceleration and their comparison to mechanisms in laboratory scale 

accelerators. All instruments, their installation, specialized emergency works for repairs 

were or are sponsored by grants and contracts from Brazilian agencies FAPESP, CNPq 
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and Mackpesquisa, and by international agencies ICSU and US AFOSR. This proposal 

is submitted for the necessary support of the regular operation and supervision of all 

instruments, which are not funded by other agencies.  

 

 

Introduction 

 

The partial report on the second year of the development of FAPESP Thematic Project 

consists in descriptions of the progresses accomplished in 2016 including reports, 

papers and abstracts published in the same period, which illustrate the main results 

obtained.  

 

There were substantial developments and research results obtained in the period. 

However there were delays on experimental initiatives, namely in the late installation of 

the new 30 THz telescope in Argentina, the finalization of the 7 GHz polarimeter 

installation at Mackenzie campus still on its way, technical complications on the 45 & 

90 GHz polarimeters repair works, still unfinished in Argentina to be completed in 

2017, and a review and update of the ground-based THz solar telescope project HATS, 

which installation was postponed for 2017. 

 

The subjects are organized following approximately the original project summary, 

adding together separate progress reports from scientists, students and engineers of the 

team, describing the results obtained in 2016. 

 

Progress Reports: 

 

A) 30 THz observations 

 

B) The 7 GHz solar polarimeter reinstallation 
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C) Continuous monitoring of cosmic rays at El Leoncito (2552 m asl) 

 

D) Solar research progress report 

 

E) Works in progress - simultaneous submillimeter and hard x-rays intermittent 

processes during flares 

 

F) Regular sub-mm and sub-THz solar observations El Leoncito 

 

G) Polarization of solar emission at millimeter wavelengths 

 

H) Coherent synchrotron radiation in laboratory accelerators and the double spectral 

feature in solar flares 

 

I)  Monte Carlo Simulations of High Energy Nuclear Processes in Solar Flares 

 

J) Primary muons project CARPET 

 

K) Nonlinear waves and oscillations in coronal structures 

 

L) Solar flare THz photometers on long duration stratospheric balloon flight (SOLAR-

T) 

 

M) New Scientific and Observational inputs to Update Project HATS 
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A) 30 THz OBSERVATIONS  

 

(Report by P. Kaufmann, R. Marcon, A.S. Kudaka, C. Francile – OAFA, UNSJ, A. 

Marun – ICATE) 

 

The important instrumental achievement was the successful installation of the new 30 

THz 20-cm telescope and new generation FLIR camera on the same mount of the 

HASTA (H-α Solar Telescope for Argentina) an instrument installed by Max-Planck-

Institut for Solar System Research, Gottingen, operated by OAFA, Observatorio 

Astronomico “Felix Aguilar”, San Juan, Argentina), at the close-by El Leoncito “Carlos 

Cesco” site (see Fig. 1).  
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Fig. 1 – The 30 THz 20 cm telescope has been installed on the Hα HASTA telescope, at 

El Leoncito, San Juan Argentina (Carlos Cesco Observatory, OAFA, UNSJ, Argentina), 

August 2016.  

 

 

 

 

 

 

 

 

.  

 

Fig. 2 – The “first light” obtained with the new 30 THz 20 cm telescope coupled to 

HASTA, on August 17, 2016. Visible image at left, taken from Solar Monitor, shows 

small spots and ARs on the solar disk. Center pictures shows HASTA Hα solar image, 

obtained at about 14:50 UT. The 30 THz solar disk image, at right, reveals the high 

sensitivity to small scale enhancements and “plages”,a striking good correlation to the 

HASTA Hα features.  

  

The new 30 THz microbolometer camera FLIR model A645sc 25, exhibited 

detectability of 50 mK which is 5 times more sensitive than the previously used camera 
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FLIR AM20 (detectability of about 100 mK). The 20 cm short focus telescope replaces 

the previously used 15 cm telescope. The net gain was improved by a factor close to 10. 

The optical arrangement allows the observation of the full Sun simultaneously with 

HASTA high quality and high cadence H-α HASTA observations, both installed on the 

same polar mount (see Fig.1). 

 

The “first light” was successfully obtained on August 17, 2016. The results are 

illustrated in Fig. 2) 

 

Observations are being carried on since August 2016, HASTA and 30 THz, at typical 

cadence of 1 frame/s. 

A formal Agreement has been signed by Mackenzie Presbyterian University and the 

Argentina National San Juan University (UNSJ), addressed to joint cooperation  

 

Regular observations were carried out with the São Paulo Mackenzie solar observatory 

30 THz telescope. The number of days with clear sky, however, was small and no 

special event in 2016 has been selected for st 

 

 

B) THE 7 GHz SOLAR POLARIMETER REINSTALLATION  

 

(Report by Emilia Correia and Amauri S. Kudaka) 

 

 

Transfer and upgrade of the Solar Radio Polarimeter at 7 GHz from Itapetinga Radio 

Observatory to Mackenzie Higienópolis campus. 

The upgrade of the system covered all components of the radio polarimeter: 

• acquisition and installation of a new tracking system from Software Bisque, a 

Paramount MEII  (Fig. 1a) 
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• the implementation of the new tracking system 

• update of the microwave receiver 'back end' with reformulation and tests of pre-

amplifiers (2 independent polarization channels, R and L) (Fig. 1b) 

• update of the automatic radiometers (Fig.2a) 

• upgrade of the data acquisition system (Fig. 2a) 

• configuration and automation of the tracking program TheSkyX to perform 

Solar observations (with graduate student Ray Fernando Hidalgo Ramirez from 

CRAAM/CAGE) (Fig. 2a) 

•  developed new acquisition and record data program using LabView program to 

control an USB board from National Instruments (undergraduate student Renata 

Viana from Mackenzie Computation Course, with support from 

CNPq/PROANTAR) (Fig. 2b) 

Installation of radio telescope (Fig. 3a) : 

• construction of a concrete base to fix the track mounting (Fig. 1) 

• installation of spherical 3.5 m dome covered with vinyl (Fig. 3b) 

• installation of a new system for energy supply  and signal cables  

• determination of geographic north direction to point the antenna. Done by Prof. 

Ivo Moscatelli, Mackenzie Engineering School (Fig. 4) 

The Radio Polarimeter is operating in experimental condition since beginning of 

October 
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Figure 1- (a) Paramount MEII Mount. (b) R and L receivers (following the front-end 

LNAs)   

 

 

        

Figure 2 - (a) Automatic radiometers, chart recorders and screen of the tracking control 

system program (TheSkyX). (b) LabView screen of the data acquisition and digitizing 

program 

 

 

   

Figure 3 - (a) Solar Radio Polarimeter. (b) 3.5 m diameter dome installation structure 

inside  a 3.5 m vinyl cover 
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Figure 4 - Determination of the geographic North 

 

 

 

 

C) Atmospheric transmission at submillimeter wavelengths using the Solar 

Submillimeter Telescope (SST) 

Melo et al. 2005 reported on ~ 1-year (02/2002-11/2002) of atmospheric transmission 

measurements using the Sun brightness. The method is a robust tool for accurate 

estimates of the zenith opacity at 212 and 405 GHz, once the product P of the Sun 

temperature and the beam efficiency is known. However, since 2002, improvement 

were performed on the SST, i.e. in 2007, and an update of the previous results is 

needed. We have performed these measurements until the year of 2015 using the same 

method and found P values for each of the SST channels. The same procedure, which 

allows the determination of the atmospheric transmission even for opaque days, will 

also be used to obtain absolute calibration of the SST data in Kelvin and/or Solar Flux 

Units. 

Participating Students: 

Deysi Cornejo (Mestrado - CAPES) 

José Tacza (Doutorado – CAPES) 

Edith Tueros (Mestrado – FAPESP) 

 

D) SOLAR RESEARCH PROGRESS REPORT 
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At Mackenzie Presbyterian University, the students supervised by Adriana Valio are: 

Douglas Felix da Silva defended his Master dissertation on January 28th, 2016; Israel 

Florentino dos Santos passed his Doctorate Qualifying exam; and Fabian Menezes 

should take his Master Qualifying exam until the end of the year. 

 

Solar atmosphere 

Radio emission from the Sun originates from different layers of the atmosphere, 

depending on the wavelength. This occurs because of the density and temperature of the 

plasma that produces the free-free emission. The determination of where in the solar 

atmosphere the emission at a certain frequency is being produced can be obtained from 

a map of the solar disc. This has already been done at 44 GHz (Costa et al. 1999) using 

the Itapetinga telescope and at 17 GHz using the high spatial resolution maps produced 

by the Nobeyama Radio Interferometer (Selhorst et al. 2003). The Solar Submillimeter 

Telescope (SST) has been making raster maps of the Sun at 212 and 405 GHz since 

2000. Adriana Valio’s Master student Fabian Menezes has analyzed these maps in time 

and frequency. The average value of the radius at 212 and 405 GHz is 974+5 arcsec and 

974+7 arcsec, respectively. No apparent correlation with the solar activity cycle of 11 

years has been identified. 

 

Solar flares 

POEMAS (POlarization Emission of Millimeter Activity at the Sun, FAPESP no. 

2009/50637-0), a system of two radio telescopes operating at 45 and 90 GHz with the 

capability of measuring polarization, has observed the Sun for two years 2012 and 2013 

and detected about 20 flares, some of them were also observed at higher frequencies by 

the SST. Douglas Silva selected three events to analyze for his Master dissertation, 

defended on January 2016. The main objective of this work was to study the cause of 

the polarized radio emission in solar flares and the configuration of the magnetic fields 

that produced them. The emission polarization studied at 45 and 90 GHz reached values 

up to 40% for one event. 

The three flares that presented polarized millimeter emission occurred on February 17, 

May 13, and November 5, 2013, Measurements of right and left circularly polarized 

brightness temperature of the three flares at 45 and 90 GHz yield degrees of circular 
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polarization that reached 5 to 40%. These results could be explained by the asymmetry 

of the magnetic loop, with different intensities at each footpoint. We used the model 

developed by Simões (2009) that simulates the interaction between particles and 

inhomogeneous magnetic fields. Three dimensional magnetic loop numerical 

simulations produced sources at 45 and 90 GHz with polarized sources in the dipole 

loop. The simulations also reproduced qualitatively the degree of polarization and radio 

spectrum observed for each event.  

 

Solar Virtual Observatory at CRAAM 

The construction of a Virtual Observatory (VO) was motivated by the need to expand 

the access to solar data in an organized and reliable way. This construction was based 

on a specific need of the Center for Radio Astronomy and Astrophysics of Mackenzie 

University (CRAAM), since the data collected at the Astronomical Complex El 

Leoncito (CASLEO) and received at CRAAM are currently available in media, limiting 

their access only to researchers and technicians locally using this information system. 

At CASLEO, in Argentina, there are two main solar dedicated telescopes that observe 

the Sun daily, the Solar Submillimeter Telescope operating at 212 and 405 GHz and the 

POlarization Emission of Millimeter Activity at the Sun (POEMAS) at 45 and 90 GHz, 

at both left and right polarizations. Both telescopes yield light curves of the solar 

emission with temporal resolution of 40 and 10 ms, respectively, for the study of solar 

flares, whereas SST also provides 2D maps of the solar disk. 

The CRAAM Solar VO is under development, lead by Israel Florentino dos Santos, a 

computer engineer and a doctorate student under the supervision of Adriana Valio and 

in collaboration with Ds. Guillermo Gimenez de Castro, also from CRAAM, and Dr. 

Luciano Silva from the computer department, both from Mackenzie University. A major 

bottle neck identified by Israel was the incompatibility between the IDL and the Java 

web language. Currently all the solar data reading, calibration, and reduction software 

has been translated to Python by a collective effort of the group. The products extracted 

from the raw data such as solar maps and Total Power light curves is been archived in 

FITS files.  

The uncontrolled growth in two decades of the global system of computer networks has 

shown large amount of data and sources with various and ambiguous contents. The 
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Semantic Web allows the organization of this content through the merger of ontologies, 

standards, and technologies to provide the organization and intelligent interaction of 

content for maximum possible shared information about a resource. Thus, the data 

sharing from a Virtual Observatory, according to the International Virtual Observatory 

Alliance (IVOA), must have an ontology, which is a formal and explicit specification of 

a shared conceptualization, for the representation of knowledge in the field of 

Astronomy and open sharing of data in XML (eXtensible Markup Language). 

Therefore, the CRAAM Solar Virtual Observatory was developed in Java Enterprise 

Edition architecture with SOAP web services (Simple Object Access Protocol) 

integrated into the hybrid database Virtuoso. This database provides object-relational 

storage making use of ontology to support reading, Inferences, and manipulation of data 

in a semantic model by RDF (Resource Description Framework). The result is a 

metadata catalog that can be accessed through interactive data search and SPARQL 

queries engine. Israel has passed his qualifying exam and should defend his thesis at the 

end of the year.  

 

E) WORKS IN PROGRESS - SIMULTANEOUS SUBMILLIMETER AND 

HARD X-RAYS INTERMITTENT PROCESSES DURING FLARES 

Intermittency is a disruptive characteristic of a process, which can be associated, in 

many cases, with a sudden energy release. Intermittency is a key characteristic of flares 

that should become evident in the flux time evolution at many different wavelengths.  

We investigated the similarities and differences of the intermittency during a solar flare 

in hard X-rays and submillimeter emission (Giménez de Castro et al, 2016) 

We applied the wavelet formalism to describe intermittent processes, as it was first 

developed by Farge (1992), who defined the local intermittency measure (LIM), and 

more recently by Dinkelaker & MacKinnon (2013b) who analyzed the hard X-rays flux 

produced during the impulsive phase of flares.  By definition  

 

 

Where WPS is the Wavelet Power Spectrum, and <>t means time average for a given 

scale.  It has been shown (Meneveau, 1991) that LIM2 is a good estimator of the 
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Kurtosis of the wavelet coefficient distribution. A LIM2> 3, means a departure from a 

Gaussian distribution and therefore, a local intermittent process.   

We applied the LIM2 analysis to the flare SOL2012-03-13, which has been analyzed by 

Kaufmann et al. (2013) and Trottet et al. (2015). Our choice is related to the fact that 

hard X-rays data ≤300 keV show an impulsiveness that is not observed at high radio 

frequencies, although the latter present fast sub-second pulses. Radio data are provided 

by the Solar Submillimeter Telescope (SST) at 212 GHz while hard X-ray data are from 

the Fermi Gamma-ray Burst Monitor (GBM), both with sub-second high time 

resolution.  

In Figure 2 and 3 we present the LIM2 color coded representations of the data, where the 

top panels are the submillimeter data and the bottom panels the hard X-rays with the 

scale axis inverted.   

 

 

Figure 1. Left: LIM2 representation in color code for 212 GHz (top) and 113-284 keV 

(bottom). The hard X-rays data were converted to a normal distribution by means of the 

Anscombe Transform (see text). Right: The same as in Figure 2 for 212 GHz and the 

284-385 keV FERMI energy band.  

 

In the Figure we only show places where LIM2> 3 and that are significant respect to a 

predefined noise background. Therefore, all colored structures seen in the figures are 

representative of intermittent processes.   

At submillimeter frequencies, it seems to be two different emission regimes: gradual for 

long time scales (> 100 s), and spiky for short time scales (< 1 s). The spiky regime is 
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coincident in time with the peak at hard X-rays. Moreover, taking the classification 

introduced by Dinkelaker & MacKinnon (2013a), the broad patches, both at 

submillimeter and hard X-rays, are produced by a cascade mechanism, while the 

submillimeter spikes are representative of avalanches.  In this analysis, the cascade 

produces emission at scales between 200 s (submillimeter) down to 10 s (hard X-rays), 

while the avalanche, produces the shortest time scales from 1 down to 0.1 s.  If cascades 

and avalanches are produced by different acceleration mechanisms, our results can be 

used to constrain the models. 

 

Millimeter emission during an M–class Soft X-ray solar flare 

We have analyzed an event  associated with a GOES M2.2–class soft X-ray (SXR) flare 

in the Active Region 11158. On February 14, at 0 UT, the region was located at 

Heliographic Latitude S20 and Longitude W04, extended for 10° in Longitude, and 

within it, occurred several C class events before the M2.2, subject of the present 

analysis. The Solar Submillimeter Telescope tracked AR11158 since the day before the 

event. On February 14, the atmospheric conditions were not favorable for millimeter 

observations: at 212 GHz the zenith opacity was 0.8 during the event. Conditions were 

worst at 405 GHz, the second SST observing frequency, and we can only estimate the 

opacity lower bound at around 4.5. At 212 GHz, the SST observed the flare with the 

three beams that compose its multi-beam system and therefore the instantaneous 

emitting centroids and the flux densities have been determined.  Although this technique 

assumes that source sizes are negligible compared to beam sizes the low dispersion of 

the multi-beam solutions is an indication of the compactness of the source: between 

17:25:30 and 17:26:20, when the flux density is above 80% of its maximum, they are 

dispersed around a radius <r>rms ∼ 4.6”. The density flux reaches its maximum between 

17:25:45 and 17:25:52 UT, with mean <F (212)>max = 120 ± 18 SFU. The peak is 

relatively smooth, fluctuations around the maximum have a standard deviation 4% of 

the mean. After the peak, the flux density decreases slowly, the event overall duration is 

9 minutes. At 405 GHz no signal was detected: because of the zenith opacity, τ405 = 4.5, 

the sky transmission is less than 1% at 70°, the mean Sun elevation during the event. 
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Figure 2.  Left: The overall disposition of the SST beams over sun disk during the flare. 

Middle: antenna temperature obtained for the three multi-beam receivers of the SST. 

Right: the multi-beam derived positions (green dots) during the flare. 

 

We complemented our analysis with spectral line irradiance, with 10 s cadence, from 

the Extreme Ultraviolet Variability Experiment (EVE) on board the Solar Dynamics 

Observatory (SDO). Spectral lines have characteristic formation temperatures ranging 

from T = 6900 K (log 10 (T ) = 3.84) and T = 9.3 × 10 6 K (log 10 (T ) = 6.97). At 

microwaves (MW) we used observations from the United States Air Force (USAF) 

Radio Solar Telescope Network (RSTN) at 1.415, 2.695, 4.995, 8.8 and 15.4 GHz with 

1 s time resolution. Hard X-rays (HXR) from Fermi/GBM up to 300 keV and Soft X-

Ray from GOES 1–8 Å data are also included in this analysis. MW and HXR have a 

common shape, which is very spiky with a one-to-one coincidence of the strongest 

spikes without an appreciable time delay. SXR and EUV show the characteristic smooth 

variation. At EUV, the cooler lines start and peak before the hotter lines. The 

discrepancy (or similarity) in time evolution looks evident when plotting the normalized 

intensities. Figure 4 (left) shows the normalized 5 second smoothed flux density at 212 

(red), 15.4 GHz (blue), and the normalized 100–300 keV 1 second integrated count rate 

(green). We observe that although all fluxes have a common initial time, 212 GHz has a 

smoother shape that peaks tens of seconds after MW/HXR. Moreover, the millimeter 

emission lasts longer. The same Figure 3 (right), shows the normalized 212 GHz time 

evolution (red), and two EVE lines: Fe XX, λ = 13.285 nm (blue) formed at 9.33 × 106 

K and He I, λ = 58.4334 nm (green) formed at 14.4 × 103 K. We observe that 212 GHz 

starts and peaks at the same time of Fe XX, and before He I. 
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Figure 3. Left: HXR (green), 15.4 GHz (blue) and 212 GHZ (red) normalized light 

curves. Right: He I (green), Fe XX (blue) and 212 GHz normalized light curves.  

 

During flares, radio emission above 100 GHz is attributed to thermal bremsstrahlung 

(free-free), gyrosynchrotron from accelerated electrons or a superposition of both 

(Bastian, Benz, and Gary, 1998; Trottet et al., 2002, 2011). The similarities between the 

EUV lines and 212 GHz, lend us to support a common thermal origin, a conclusion 

which is also supported by the marked difference with HXR and MW. Expected thermal 

continuum emission at millimeter wavelengths can be computed using a flare 

atmosphere profile (hydrogen density, and plasma temperature in function of the 

geometric height) to solve the atomic detailed NLTE statistical equilibrium and 

radiative transfer equations. The resulting intensities are subtracted from similar results 

for the quiet atmosphere, yielding the expected intensities during flares.  We used the 

software package PAKAL (De la Luz, Lara, and Raulin, 2011), which computes the 

continuum for wavelengths λ = 10 cm to λ = 0.1 mm. Atmospheric flare models were 

obtained by Machado et al. (1980).  Similarly, Avrett and Loeser (2008), produced the 

most refined model for quiet sun. Following Machado et al. (1980), we name flare 

models as F1 (faint) and F2 (bright). Avrett and Loeser C7 is our reference for quiet 

conditions. Since the AR position during the flare is near central meridian, we consider 

the cosine of the viewing angle µ = 1. Figure 4 and Table 1 show the output of our 

simulations. Atmospheric layers where the optical depth approaches to 1 contribute 

more effectively to the emergent brightness temperature. From Figure 5 we note that 

this happens in a very narrow layer for F1 and F2. The excess temperatures, and flux 

density per solid angle are shown in the fourth and fifth columns of the table, 

respectively. In the last column we estimated the source size needed to produce the 

observed flux at 212 GHz. 
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Model Height Tb ΔTb ΔFx/Ω  Source Size 

 [km] [kK] [kK] [erg s-1 cm-2 str-1] [arc sec] 

F1 1430 12.4 5.6 8 x 10-11 100 

F2 1100 51.5 44.9 6 x 10-10 33 

C7 135-2000 6.65 - - - 

Table 1. Synthesized flux outputs. Height is the region where 0.1 ≤ τ ≤ 10, Tb is the 

emergent brightness temperature, ∆Tb is the difference between the flare (F1 and F2) 

and the quiet model (C7) emergent brightness temperatures. ∆Fx is the excess emergent 

flux density per solid angle. The source sizes are determined considering the maximum 

flux at 212 GHz. 

 

Figure 4. The optical depth in function of the geometric height. Red curve is for F1, 

blue is for F2 and green is for C7. The black horizontal line is τ = 1. 

 

Limb brightness at submillimeter frequencies 

The center-to-limb temperature variation over the sun disk characterization is a 

fundamental tool to determine the atmospheric structure. At some frequencies, the 

variation may be positive (limb brightening) at other frequencies may be negative (limb 

darkening). Kundu (1965) observed that λ=300 µm may be a cross-over wavelength, 

i.e., the limiting wavelength between limb darkening and limb brightening. The use of 

SST to study the center-to-limb variations is quite challenging because of the size of its 

beams between 2 and 4 arc min, but since its observing wavelengths, λ1=1414 µm and 

λ2=740 µm, are near the cross-over wavelength it is worth the effort.  Moreover, there 

are discrepancies between different authors:  while Kundu (1971) reported a limb 
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darkening,  Ade, Rather and Clegg  (1974) showed a limb brightening using the same 

radiotelescope at wavelengths between 1200 and 1400 µm.  Other works at similar 

wavelengths report a limb brightening (Horne et al. , 1981; Clark , 1994).  

SST produces routinely maps of the sun that can be used to extract information about 

the temperature dependence with longitude. Two different strategies were used in order 

to infer the presence (or not) of a limb brightening. The first one was to subtract a flat-

sun (i.e. with constant temperature) synthetized map, produced with a matrix 

representation of the beams.  Figure 6 present the result when a radial map is used.  

Although marginally the limb brightening can be observed at 212 GHz, at 405 GHz the 

noise in the image seem to dominate, nonetheless some evidence is also present.  

 

Figure 6. Left: Observed minus flat-sun synthesized subtraction map at 212 GHz. Right: 

the same at 405 GHz.  

The second strategy is based in a  forward-fitting approach.  This time a simple uniform 

limb brightening is added to the sun temperature profile to produce a synthesized map.  

The quality of this map is evaluated using the function 

 

where obs and synth represent the observed and synthesized values respectively and the 

sum is over all the pixels in the maps.  Through an iterative process we look for 

minimizing the function IE by changing the temperature profile.  The results are 

conclusive in that a flat temperature profile do not reproduce well the observed maps, 

therefore some brightening must exist.  The best results were obtained comparing single 

diameter long observed and synthesized scans. In figure 7 we present the results that 
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indicate a maximum brightening around 20% (beams 2,3,4 and 5) for both frequencies 

(212 and 405 GHz). The discrepant results (beams 1 and 6) can be explained by the fact 

they are offset respect to the central scan by ~7 arc min.  

 

Figure 7. IE  (see Eq. (1)) in function of the limb brightening for the different beams. 

These results were obtained using central scans only.  For the multi-beam array (beams 

2,3,4, and 5) the results are consistent with a maximum brightening of around 20%.  

 

F) REGULAR SUB-MM AND SUB-THz SOLAR OBSERVATIONS EL 

LEONCITO 

 

The 45 and 90 GHz solar polarimeters (POEMAS) 

The 45 and 90 GHz circular wave polarization solar telescopes (POEMAS) remained 

under repair at El Leoncito during 2016. There were serious technical problems to run 

the new board. In view of difficulties, the radio-polarimeters’ complete box is now 

being shipped to RPG, Germany, to assure the proper installation of hardware and 

software. Eventually RPG will replace the whole box, once they admit that the origin of 

the technical failures was their responsibility.  

The repair job may require the visit and training of one engineer from Icate/San Juan 

Argentima. This work is expected to be completed early in 2017, to resume regular 

solar observations. 

Meanwhile, the 45 and 90 GHz radio polarimeters observations in 2012 and 2013 were 

inspected in great detail.  

The objectives are: 
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- Describe and explain experimental effects in fluxes and polatization, at both 

frequencies 

- Define typical quiet Sun leve, and study flux limb-to-limb variations in flux and 

polarization due to the slowly varying component (S-Component) 

- Identify and characterize mm-wave burst flux and polarization time profiles 

28 solar bursts observed in 2012 and 2013 were inspected and reduced, for their R- and 

L- and total fluxes, and for the polarization degree time histories. Preliminary results are 

summarized separately as part of this report 

 

 The solar sub-mm wave telescope (SST) 

Regular solar observations at 212 and 405 GHz were obtained by SST at El Leoncito for 

most of the year of 2016.  

The most outstanding result was the SST detection of the impulsive burst at 212 and 

405 GHz on January 28, 2016, 12:12;10 UT, simultaneous to the first THz impulsive 

burst detected by the space experiment SOLAR-T, at 3 and 7 THz. The preliminary 

results are presented separately in this report. 

 

G) POLARIZATION OF SOLAR EMISSION AT MILLIMETER 

WAVELENGTHS 

 

Polarization of radio emissions from solar active regions (S-component) and flares 

provide essential information about confined plasma regimes submitted to magnetic 

field in quiescent, pre-explosion, sudden release of energy and decay phases. 

Investigations in the microwave range are well known. They correspond to emissions at 

altitudes located in the solar corona. Observations are now being carried out by the first 

time at millimeter waves, by two solar radio polarimeters at 45 and 90 GHz operating at 

El Leoncito observatory, Argentina Andes. This radio emission originates from altitudes 

in solar atmosphere corresponding the transition corona-chromosphere. The new mm-

wave flux and polarization results fill an observational gap, bringing considerable new 



 21 

insights on the physical processes occurring quiescent and explosive magneto-active 

plasmas in the solar atmosphere. 

Meanwhile, the 45 and 90 GHz radio polarimeters observations in 2012 and 2013 were 

inspected in great detail.   

The objectives are: 

• Describe and explain experimental effects in fluxes and polarization, at both 

frequencies 

•  Define typical quiet Sun level, and study flux limb-to-limb variations in flux 

and polarization due to the slowly varying component (S-Component) 

• Identify and characterize mm-wave burst flux and polarization time profiles 

28 solar bursts observed in 2012 and 2013 were inspected and reduced, for their R- and 

L- and total fluxes, and for the polarization degree time histories. Preliminary results are 

summarized separately as part of this report. 

 

1. Characteristics of solar radio polarimeters at 45 and 90 GHz. 

A new system of two circular polarization solar radio telescopes at 45 and 90 GHz 

right and left handed). The 45 GHz (6.67 mm) telescope use a reflector of 44 cm 

diameter aperture and the 90 GHz (3.34 mm) use a 16.5 cm diameter lens. The field 

of view of both telescopes was conceived to be larger than the solar disk, i.e. 1.2° 

and 1.4° HPBW, for 45 and 90 GHz, respectively.  Data are recorded with 10 ms 

time resolution. Both radio telescopes have a high sensitivity of 4 and 20 SFU at 45 

and 90 GHz, respectively. The flux density for each frequency is calculated using 

the following formulae S45 = 3.36 TA and S90 = 17.21 TA, where TA is the antenna 

equivalent temperature for each frequency. 

 

During the process of data analysis were discovered some unexpected effects. First, 

the antenna gain decrease slightly at various periods of the day, probably due to a 

pointing error and the fact that the reflector is only a section of parabola with a 

critical 1.02° HPBW aperture (Figure 1). Also, a major decrease of the gain is 

observed for high elevations (near to noon local time or 17:00 UT) due to the solar 

disk is partially shifted from the center of the beam. Second, it was found all solar 

flares with a suspicious sense of polarization; the subsequent analysis determined 
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the 45 GHz receiver has the opposite circular polarization of the 90 GHz due to the 

additional reflection on the parabolic antenna. The phase shifters in the two feeds 

are identically oriented. The shifter is mounted vertically into the circular 

waveguide and therefore delaying the vertical E-field component by 90° (right 

circular polarization in the receiving direction). Therefore, the 90 GHz channel is 

right hand circular polarized in receiving direction while the 45 GHz channel is left 

hand circular polarized in receiving direction. 

Figure 1. Pointing instrumental effect causing a decrease in the power received. 

 

2. Solar flares detected. 

The radio polarimeters started monitoring the Sun on 25 November 2011, during 

two years of operation were identified 28 solar flares shown in Table 1. 

Nº Event GOES Class AR Lat/Lon 

1 SOL 2011-12-25 T18:15 M4.0 1387 S22W26 

2 SOL 2011-12-25 T20:27 C7.7 1387 S21W24 

3 SOL 2011-12-26 T20:17 M2.3 1387 S21W42 

4 SOL 2012-01-27 T18:36 X1.7 1402 N33W85 

5 SOL 2012-03-05 T19:10 M2.1 1429 N16E45 

6 SOL 2012-03-06 T21:05 M1.3 - - 

7 SOL 2012-03-13 T17:12 M7.9 1429 N17W66 

8 SOL 2012-05-07 T17:20 C7.4 1476 N12E58 
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9 SOL 2012-05-09 T12:21 M4.7 1476 N13E31 

10 SOL 2012-06-03 T17:48 M3.3 1496 N16E38 

11 SOL 2012-07-03 T16:58 C9.0 1515 S17W08 

12 SOL 2012-07-05 T20:09 M1.6 1515 S18W37 

13 SOL 2012-07-08 T16:30 M6.9 1515 S17W74 

14 SOL 2012-07-10 T15:29  1520 S14E29 

15 SOL 2012-10-08 T18:14 B8.3 - - 

16 SOL 2012-11-27 T15:52 M1.6 1618 N05W73 

17 SOL 2013-02-17 T15:45 M1.9 1675 N12E20 

18 SOL 2013-05-13 T15:48 X2.8 1748 N08E89 

19 SOL 2013-10-25 T14:51 X2.1 1882 S06E69 

20 SOL 2013-10-25 T19:05 M2.3 1882 S08E67 

21 SOL 2013-10-26 T19:22 M3.1 1884 S12E87 

22 SOL 2013-10-28 T15:07 M4.4 1882 S06E28 

23 SOL 2013-10-29 T21:42 X2.3 1875 N05W89 

24 SOL 2013-11-05 T18:08 M1.0 1890 S12E47 

25 SOL 2013-11-05 T22:07 X3.3 1890 S12E44 

26 SOL 2013-11-06 T13:39 M3.8 1890 S12E35 

27 SOL 2013-11-07 T12:22 C5.9 1890 S13E23 

28 SOL 2013-11-07 T14:15 M2.4 1890 S13E22 

 

Table 1. Solar flares detected by the millimeter radio polarimeters at 45 and 90 

GHz. 

Figure 2 shows the 2013 May 13 event. Top panel depicts the GOES-SXR flux (red 

filled curve) and its derivative (black filled curve), that mimics the HXR emission. 

Next panels show the flux emission at microwaves and millimeters wavelengths 

from RSTN at 2.7, 4.9, 8.8 and 15.6 GHz and radio polarimeters at 45 and 90 GHz, 
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respectively. The bottom panel shows the degree of polarization for 45 and 90 GHz 

emissions. The analysis of all these events could contribute to the poor knowledge 

of the polarization of solar radio emission at millimeter wavelengths. 

 

 

Figure 2. Time profile of GOES SXR emission (top panel), microwave emission 

from RSTN, millimeter emission from radio polarimeters and the degree of 

polarization for 45 and 90 GHz emissions.  

 

3. Solar slowly varying component at 45 and 90 GHz 

The S-component contribution to the total solar disk emission must be isolated in 

order to define the excess flux over the quiet Sun level. First it has been selected a 

number of days for which there was no important solar active centers on the Solar 

disk, followed by a number of days during which a predominant active region was 

well defined, in transit on the solar disk. Thus, the NOAA 11850 active region was 

chosen for this purpose, during the period between September and October 2013.  

 

 

 

 

 

 

Figure 3. Daily 45 and 90 GHz                      
flux       time development (top) 
corresponding to NOAA 11850 active region 
transit in the solar disk in the period 
September 13 - October 05, 2013; the 
respective polarization degree (middle); and 
Zurich sunspot number. 
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Figure 3 shows the daily excess flux variation due transit of the AR 11850 in the 

solar disk over the quiet Sun flux. Flux enhancements are observed as the active 

region appears in the solar disk, attaining mean daily values of about 100 SFU at 45 

GHz and 600 SFU at 90 GHz, in approximate correspondence with the Zurich 

sunspot number shown at the bottom panel. The error bar represents the dispersion 

when it is taken the mean value of the four daily measurements. Changes in 

polarization degree are poorly significant due to the entrance of the active region 

(central panel).  Figure 4 shows the S-component spectra derived for frequencies at 

45 and 90 GHz, suggesting an increasing flux for shorter millimeter wavelengths.  

 

Figure 4. Flux spectrum for the maximum excess S-component level attained on 

September 25, 2013 

 

L) SOLAR FLARE THz PHOTOMETERS ON LONG DURATION 

STRATOSPHERIC BALLOON FLIGHT (SOLAR-T)  
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Considerable efforts were dedicated the SOLAR-T mission (double 3 and 7 THz 

photometers) flown on a stratospheric balloon over Antarctica together with  GRIPS 

experiment University of California, Berkeley; Space Science Laboratory (SSL).  

 

The mission was accomplished successfully. A paper is now been written giving all the 

details on the instrumentation, the mission and observation results. The mission and 

results were presented at number of International and Brazilian conferences.  

At El Leoncito Casleo area, San Juan, Argentina (2500m) there is many years of 

atmospheric transmission measurements at 0.2 and 0.4 THz. The first complete annual 

study (Melo et al., IEEE Trans.Ant.Propagat., 35, 1528, 2005) has shown that the 

annual mean sub-THz propagation attenuation is in agreement with model equivalent 

PWV of 3-3.7mm (from 0.2 THz attenuation measurements) and 2.4-4.2mm (from 0.4 

THz  attenuation measurements). 

A recent investigation is currently being developed comparing daytime atmospheric 

attenuation at 0.2 and 0.4 THz, derived from SST, to PWV content determined directly 

from near-IR lines on the Sun by one Aeronet unit installed at El Leoncito, Casleo ( 

Marun, Pereyra, Godoy, Kudaka et al., 2016). Fig. 7 shows measurements for 11 month 

in 2011. Measurements early in that year were disturbed by a layer of ashes from a 

volcano eruption in southern Andes. It can be seen that the daily variations in optical 

depth (τ) at 0.2 and 0.4 THz mimetizes perfectly the Aeronet PWV observations. The 

measurements also show that the mean PWV derived from Aeronet is close to 0.2-0.3 

cm (2-3 mm) for El Leoncito, at Casleo location. This result is in close agreement with 

the first inferences obtained with SST measurements (Melo et al., 2005) 

In conclusion, the El Leoncito area, both Casleo (2500 m) and Carlos Cesco/OAFA 

(2400 m) sites are perfectly suitable for solar flare observations in the 16 THz mid-IR 

band, with the advantage of the very large number of clear days per year. 

 

The Project HATS update presented here have the principal highlights: 

(I) The ground-based 200 µm solar observations are critically dependent of 

precipitable water vapor content at the best sites in the world. It requires 

PWV <0.5 mm for a considerable number of days per year. Famatina 
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location at 5500 m has potential to become one exceptional THz site, after a 

characterization program is completed.  

(II) Recent observations indicate the scientific relevance of solar flare 

observations in the frequency range > 10 THz. 

(III) The HATS consolidated pre-installation at El Leoncito region will be 

benefited by existing infra-structure, human resources, and an exceptional 

large number of clear days per year good for observations. HATS solar 

observations at 16 THz will complement current local observations at 30 

THz coordinated with Hα by HASTA. Furthermore, periodic observations 

with HATS double frequency front-end at 0.2 and 0.4 THz will allow 

calibration and sensitivity comparisons with SST observations being carried 

in the same area. 

 

6. Revised actions for HATS implementation 

 

(a) Famatina higher site (5500m) sky THz transmission characterization 

 

 

 

 

 

 

 

 

Fig. 7. The University of Chilecito, La Rioja, “Laboratorio de Altura” site at Famatina 

located at 5000m, at right, and the new higher 5500m site accessible by a road to be 

built (Guidet, private communication, 2016) 
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Characterization of the site. Complete annual survey the annual number of clear days, 

statistics of PWV and number of days per year the 200µm band exhibiting good THz 

transmission, winds, dust, temperatures.  

Installation of one automatic PWV Aeronet detector together with a meteorological 

station. One year of continuous operation. Obtain reference parameters for the following 

steps of instrumental installations. 

To be implemented in 2017. 

 

(b) HATS pre-assembly at El Leoncito,  

Photometric telescope to be installed at Carlos Cesco/OAFA observatory (or at Casleo) 

to be operated with two front-ends: 

- One single 16 THz frequency front-end, for observations in conjunction with the 30 

THz telescope (now being assembled to HASTA Hα telescope), the SST (at 02. and 0.4 

THz) and the 45 and 90 GHz solar radio polarimeters.  

- One double frequency front-end, utilizing 0.2 and 0.4 THz filters on a single chopper 

wheel, already developed, to be operated at selected periods for calibration compared to 

SST 

- One single window servo tracking dome, coaligned with the telescope field of view, 

tracking the Sun and sky scanning calibrations. 

- Supporting installations: (a) power supply with no-break, (b) housing for 

instrumentation (maybe inside the dome), (c) data link to Icate, San Juan. 

To be accomplished in first semester 2017. 

February 28, 2017 

 

Adriana Válio 

Principal Investigator 
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