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 Springer ����Abstra
t The presen
e of a solar burst spe
tral 
omponent with 
ux densityin
reasing with frequen
y in the sub-terahertz range, spe
trally separated fromthe well-known mi
rowave spe
tral 
omponent, bring new possibilities to explorethe 
aring physi
al pro
esses, both observational and theoreti
al. The solar eventof De
ember 6, 2006, starting at about 18:30 UT, exhibited a parti
ularly well-de�ned double spe
tral stru
ture, with the sub-THz spe
tral 
omponent dete
tedat 212 and 405 GHz by SST and mi
rowaves (1-18 GHz) observed by OVSA.Emissions obtained by instruments in satellites are dis
ussed with emphasis toTRACE UV, GOES soft X-rays and RHESSI X- and 
-rays. The sub-THzimpulsive 
omponent had its 
loser temporal 
ounterpart only in the higherenergy X- and 
-rays ranges. The spatial positions of the 
enters of emission at212 GHz for the �rst 
ux enhan
ement were 
learly displa
ed by more than onear
-minute from positions at the following phases. The observed sub-THz 
uxesand burst sour
e plasma parameters were found diÆ
ult to be re
on
iled to apurely thermal emission 
omponent. We dis
uss possible me
hanisms to explainthe double spe
tral 
omponents at mi
rowaves and in the THz ranges.1. Introdu
tionAlthough the nature of the parti
le a

eleration me
hanisms in solar 
ares isnot fully understood, their by-produ
ts are usually well des
ribed and studied.The presen
e of an independent 
are terahertz spe
tral emission 
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simultaneously to the well known 
omponent at mi
rowaves, brought new 
hal-lenges and possibly new 
lues to explain the nature of the 
are primary a

el-erator (Kaufmann et al., 2004). The vast majority of mi
rowave bursts exhibitstypi
al spe
tra with maximum 
uxes in the range 5-20 GHz. Fewer observa-tions 
arried out at higher frequen
ies, up to 100 GHz, have shown un
ommonevents exhibiting 
uxes in
reasing with frequen
y, some showing 
omplex spe
-tral shapes, and in
e
tions somewhere between 30-70 GHz, and other 
atteningat higher frequen
ies (Croom, 1970; Croom, 1971b; Shimabukuro, 1970; Cogdell,1972; Akabane et al., 1973; Kaufmann et al., 1985; Ramaty et al., 1994; Bas-tian, Fleishman, and Gary, 2007; Altyntsev et al., 2008). The newly dis
overedemission intensity in
reases with frequen
y at sub-THz frequen
ies as a newspe
tral 
omponent 
learly separated from the well known emission spe
trumat mi
rowaves, displaying a double-stru
ture in the mi
rowave - submillimeterrange of wavelengths.We will des
ribe and dis
uss the solar 
are of De
ember 6, 2006, starting atabout 18:30 UT that exhibited a distin
t THz spe
tral 
omponent throughoutthe event duration as observed by the solar submillimeter teles
ope (SST) at212 and 405 GHz (Kaufmann et al., 2007) until 18:55 UT. Minutes later, theOVSA (Owens Valley Solar Array) has dete
ted the largest de
imeter narrowband spikes ever observed (Gary, 2008). SST observations were 
ompared tode
imeter to mi
rowaves obtained by the Owens Valley Solar Array and to X- to
-rays dete
ted by RHESSI satellite. These observations were 
omplemented byTRACE satellite UV movies. The event 
orresponds to a 3B 
are on AR 0930,S06E63, starting at 18:32 UT, maximum at 18:45 UT, and at 21:35 UT, withsoft X-ray GOES 
lass X6.5.2. Multiple wavelength time pro�les and spe
traWe show in Figure 1 the burst intensity time pro�les at two mi
rowave frequen-
ies, submillimeter-waves, soft, hard X-rays and 
-rays. Despite of good 
lear-sky
onditions at SST El Leon
ito site the atmosphere measured attenuation washigh. It was measured at 15:30 UT, before the burst, providing opti
al depths� of 0.35 and 2.6 nepers at 212 and 405 GHz, respe
tively. At a mean eleva-tion angle of 55Æ the 
orre
tion fa
tors to 
orre
t antenna noise temperatureswere of 1.5 and 24 respe
tively. There were indi
ations of transmission 
hangesafter 18:55 UT when the 405 GHz data 
orre
tions be
ame in
onsistent. Sin
ethere were no other atmosphere transmission measurements, the analysis wasinterrupted. Small 
hanges in large values of � , as was the 
ase for 405 GHz,may bring signi�
ant 
hanges in 
orre
tion fa
tors, whi
h 
annot be taken intoa

ount here. The labels at the top of Figure 1 refer to: the pre
ursor-like �rstenhan
ement (A), the maximum impulsive-like phase (B) and following timestru
tures (C). In phase (B) the sub-THz time pro�le 
ompares to the bulkof impulsive emissions at mi
rowaves, > 2.7 MeV gamma-rays and toa lesser extent to > 85 keV hard X-rays.
SOLA: paper_v20081022.tex; 23 O
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Figure 1. Time pro�les for the De
ember 6, 2006 solar burst. From top to bottom: twomi
rowaves from OVSA; the two SST frequen
ies; GOES soft X-rays; RHESSI at hard X-raysand at 
-rays. Labels (A), (B) and (C) are the time intervals for whi
h the positions weretaken for the 212 GHz burst 
entroids of emission, shown in Figure 4. Labels 1, 2 and 3 arethe times when the burst sub-THz and mi
rowave spe
tra were taken, shown in Figure 2.Examples for the 212 and 405 GHz spe
tra are shown in Figure 2 sampledover 8.1 se
onds averages (to be 
omparable to the OVSA time resolution) onthe times labeled 1-3 at the top of Figure 1. The burst spe
tra exhibited thetwo distin
t 
omponents throughout the whole event duration, one peaking atmi
rowaves, as derived from Owens Valley Solar Array, and another sub-THz
omponent in
reasing with frequen
y, as observed by the SST. The un
ertaintybars indi
ate the extreme limits set empiri
ally for a 
onservative assump-tion of 10% 
hanges in the opti
al depths. The sub-THz spe
tral 
omponenttogether with the independent mi
rowave 
omponent is strikingly evident at thepre
ursor-like phase (A), being present at the impulsive phase (B), and suggested
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Figure 2. Complete burst spe
tra, from de
imeter to submillimeter waves, for the burst times1-3 labeled at the top of Figure 1. Bars refer to an arbitrary un
ertainty assumption of 10%
hanges in the opti
al depths. The presen
e of the sub-THz 
omponent is parti
ularly wellde�ned for the pre
ursor-like stru
ture, the impulsive phase, and suggested for the followingphase.for the following phase (C). The OVSA mi
rowave spe
tra for the threephases are shown in Figure 2. They are usually attributed to gyro-syn
hrotron emission by mildly relativisti
 ele
trons (Dulk, 1985). Themaximum emission turnover frequen
ies 
hange with time, as it hasbeen known for other bursts (Croom, 1971a; Roy, 1979; Nita, Gary, andLee, 2004). Figure 3 shows the time variation of mi
rowave turnoverfrequen
ies fs (whi
h in some 
ases 
annot be unambiguously deter-mined be
ause apparently it ex
eeded the maximum OVSA limit),the GHz spe
tral index for f > fs, the GHz 
ux at fs and the sub-THz spe
tral index. The un
ertainty bar indi
ates the extreme limitsset empiri
ally for a 
onservative assumption of 10% 
hanges in theopti
al depths. Rapid superimposed time stru
tures were present at bothsub-THz frequen
ies and will be dis
ussed in a separate paper.3. Positions, sizes and 
uxesThe positions of burst 
enters of emission 
an be determined at 212 GHz by 
om-paring the relative intensities (
orre
ted antenna temperatures) of the SST threepartially overlapping beams (Georges et al., 1989; Costa et al., 1995; Gim�enez deCastro et al., 1999). Beam and sour
e shapes are approximated to Gaussians. Thesour
e's spatial stru
tures, however, 
annot be resolved within the di�ra
tionlimit set by the beam angular sizes (4 ar
-minutes). A 
rude estimation of theangular extent o

upied by the sour
e with respe
t to the beam 
an be obtainedby means of the 
ontrast parameter: a ratio between the three 
orre
ted antennatemperatures. When the sour
e size is small 
ompared to the beam size, the
ontrast should be high, and the 
ontrary happens for an extended sour
e.
SOLA: paper_v20081022.tex; 23 O
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Figure 3. From top to bottom, time variation of: the spe
tral turnover frequen
yfs at mi
rowaves derived from OVSA observations; of the mi
rowave spe
tralindex for f > fs; of the mi
rowave 
ux at the turnover frequen
y fs. Missingdata 
orrespond to time intervals where fs 
an be higher than the maximumOVSA frequen
y (18 GHz). Bottom: time variation of the sub-THz spe
tral index.The bar represents the �xed un
ertainty on the 405 GHz 
ux 
orre
tion due toatmosphere transmission.
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Figure 4 shows the antenna noise temperature time pro�les, 
orre
ted foratmospheri
 transmission, for the beams spatially 
lose to the burst lo
ation.There is a good temporal agreement during phases (A) and (B). 405 GHz timestru
tures at phase (C) (beam 5) are not always related to the 212 GHz timestru
tures (beams 2, 3 and 4). This might be attributed to the enhan
ement ofatmosphere transmission variations, substantially larger at 405 GHz. The 212GHz emission 
entroid positions shown in Figure 5 have been estimated from40 ms data and averaged over one se
ond for intervals labeled (A), (B) and(C) in Figure 1 (top). The sizes and positions for the six SST beams are alsoshown, with respe
t to the solar limb at the time of the burst. Sin
e De
ember2006, the SST pointing model has provided an absolute position a

ura
y of10 ar
-se
onds r.m.s. for all beams (Walla
e, 2006). The positions inferred forpre
ursor-like burst (interval A) are 
learly distin
t by about one ar
-minutefrom the positions of the 212 GHz emitting region derived during phases (B)and phase (C).The observed 
ontrasts between the beam outputs at 212 GHz indi
ate thatthe sour
e size was at most of the order of the antenna beam size throughout thewhole event. Sin
e just one beam is available at 405 GHz no position for emission
enters or burst size 
ould be estimated at this frequen
y. To determine the 
uxdensities, we �rst 
ompare the 
orre
ted antenna temperatures for the three par-tially overlapping beams to determine the dire
tion for the maximum emission.The maximum antenna temperature is 
al
ulated assuming Gaussian shape forthe three beams. The 
al
ulated 
uxes are for sour
es pla
ed at the dire
tionof maximum emission. They are obtained from the well known relationship forpoint sour
es (still valid for sour
es small or 
omparable to the half-power beamsize), S = 2kTaAe ; (1)where k is the Boltzmann 
onstant, Ta the antenna temperature and Ae theantenna e�e
tive area (0.35 m2 at 212 GHz and 0.18 m2 at 405 GHz at thetime these measurements were obtained). At 212 GHz the antenna temperatureaveraged over 8 se
onds interval around the burst maximum (at 18 43:51 UT)was Ta � 4900 K. This 
orresponds to a 
ux density of about 3800 s.f.u. at 212GHz (1 s.f.u = 10�22 W m�2 Hz�1). The 405 GHz 
ux densities are similarly
al
ulated by assuming the sour
e has the same position as the 212 GHz sour
e.The mean 405 GHz peak temperature was Ta � 4500 K 
orresponding to a 
uxof 7000 s.f.u. The two temperatures are 
omparable suggesting emission from anopti
ally-thi
k sour
e at the two sub-THz frequen
ies.The burst 
uxes refer to Gaussian-shaped sour
es with equivalent sizes of theorder or smaller than the beam sizes. No estimates 
an be dire
tly given fora
tual brightness temperatures of smaller sour
es that might be s
attered andunresolved over the beam extension.Figure 6 shows emission 
ontours at UV, soft- and hard X-rays taken alongtime intervals within the three burst phases (see labels at the top of the Figure).
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Figure 4. Antenna noise temperatures, 
orre
ted for atmosphere transmission, for the SSTre
eivers whose beams are on the burst sour
es, 5 (405 GHz) 2, 3 and 4 (212 GHz). The beampositions on the solar dis
 are shown in Figure 5. Note that the temperature s
ales are di�erentfor the di�erent panels. The pre
ursor-like and impulsive time stru
tures are well 
orrelated.The following phase 212 GHz 
u
tuations are poorly related to the 405 GHz time variations,whi
h might re
eive 
onsiderable in
uen
e from atmosphere transmission variations.The pre
ursor-like phase (A) was dete
table only at softer RHESSI X-ray ener-gies (> 6 and > 20 keV). The sour
e is lo
ated about 20 ar
-se
 east from the212 GHz 
entroid of emission at interval (A). Two small RHESSI hard X-raysour
e (> 50 keV) appear at intervals (B) and (C). The southern hard X-raysour
e displa
es further south by about 20 ar
-se
 from phase (B) to phase (C).The 212 GHz emission 
entroids at phases (B) and (C) are displa
ed in the SEdire
tion by almost 1 ar
-min. There is a suggested 
entroid 
on
entration atphase (C), displa
ed and 
lose to the general hard X-Ray sour
e position. Theba
kground UV TRACE images indi
ate 
omplex spatial stru
tures. Sin
e the212 GHz beam angular sizes are larger than the frame angular sizes, they may
SOLA: paper_v20081022.tex; 23 O
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Figure 5. The positions for the 212 GHz burst 
entroids of emission, averaged every se
ondalong the time intervals indi
ated in the top of Figure 1, for phases (A) (pre
ursor), (B)(impulsive) and (C) (following). The pre
ursor position is 
learly displa
ed by about onear
-minute from the remaining burst phases, whi
h are 
lose by about 30 ar
-se
onds to ea
hother. The six SST antenna beams are shown with respe
t to the solar disk at the time of theburst. They are 
onsiderably larger than the emitting sour
e 
entroid displa
ements. For thepre
ursor-like phase the 212 GHz 
entroid of emission is 
loser to beams 3 and 4 produ
inglarger 
orre
ted antenna temperatures, shown in Figure 4.subtend a number of unresolved sub THz sour
es.4. Dis
ussionThe De
ember 6, 2006 
are exhibited the THz spe
tral 
omponent throughoutthe event duration. It is parti
ularly evident sin
e the early phase (A), previousto the impulsive enhan
ement. The spe
trally separated mi
rowaves 
omponentwas always present, exhibiting a turnover frequen
y at about 6-7 GHz prior tothe impulsive phase (A), when it raised to about 15-13 GHz (B), staying atabout 10 GHz during the remaining time.4.1. Thermal interpretationFrom GOES observations we derived the mean emission measureEM = 1050 
m�3 and temperature T = 2:4 107 K (
al
ulated afterGar
ia, 1994 and Feldman, Laming, and Dos
hek, 1995) during the interval
SOLA: paper_v20081022.tex; 23 O
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Figure 6. RHESSI hard X-ray (thermal emission in red and non-thermal in blue 
ontours),GOES soft X-ray (thin bla
k 
ontours), and TRACE UV images ba
kground 
ontinuumgray-bla
k areas during phase (A), (B), and (C)(see Figure 1). 212 GHz 
entroid positions(same as in Figure 5) are shown as magenta 
rosses for 
omparison.1843:30 { 1845 UT, whi
h 
orresponds to the maximum emission atthe sub-THz frequen
ies. Images from the SXI on GOES-12 revealeda soft-X ray 
aring size of approximately 1.5 ar
 min. With thesevalues, the maximum expe
ted free-free emission (e.g. Dulk, 1985) of ahomogeneous sour
e is � 100 s.f.u. with a turnover frequen
y around10 GHz. It is orders of magnitude smaller than the observed radio
uxes. Nonetheless, we 
an investigate the ne
essary 
onditions thata thermal sour
e should provide to a

ount for the in
rease in 
uxabove 200 GHz.
SOLA: paper_v20081022.tex; 23 O
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The opti
al depth �ff for free-free emission (e.g. Ohki and Hudson, 1975) isgiven by �ff ' 0:19 N2HT 3=2�2 ; (2)where N is the ele
tron density, T the plasma temperature, H is the sour
elenght in the line of sight and 
an be 
onsidered H ' Ds with Ds the sour
es
ale size and � the frequen
y. We may try to re
on
ile this brightness to theobserved antenna temperatures from the well known approximation:Ta ' Tb
s
a ; (3)where 
s is the sour
e solid angle size and 
a the antenna beam solid angle, 
anbe approximately written as: Ta ' Tb�DsDa�2 ; (4)where Da is the proje
ted size on the Sun of the antenna beam. Equating (4)with (2) we obtain N2 ' 5:26 �ff T 3=2a D3a �2D4s : (5)For sour
e sizes smaller than about 30 ar
-se
onds the interpretation in termsof opti
ally thi
k (�ff > 1) free-free emission be
omes in
onsistent with the212 and 405 GHz measurements be
ause it implies in an emission measureseveral orders of magnitude larger than the one obtained. Thus, likefor other events exhibiting the THz 
omponent, the thermal interpretation isnot 
onsistent with a 
ompa
t sour
e (Kaufmann et al., 2004; Kaufmann andRaulin, 2006; Silva et al., 2007; Trottet et al., 2008).4.2. Non-thermal interpretationIf the 212 and 405 GHz sour
es are small, non-thermal me
hanisms by highenergy parti
les (ele
trons and ions) have to be 
onsidered to produ
e the emis-sions observed during the De
ember 6, 2006. If a number of plausible sour
eand medium parameters are assumed, the opti
ally thi
k gyrosyn
hrotronemission and the free-free absorption might be taken in 
onsiderationto a

ount for the observed 
ux in
rease with frequen
y. Assuming,for example, a burst 
ylindri
al volume with � 1 ar
-se
ond diameterand � 1 ar
-se
ond height, on a plasma medium with ambient densityof � 1012 
m�3 and a temperature of a few 105 K, implies in a moderate�ff (200 GHz) � 2. If the 
aring area has a magneti
 �eld B � 2000 G,and the non-thermal ele
trons a mean density � 1010 
m�3 for energies
SOLA: paper_v20081022.tex; 23 O
tober 2008; 11:22; p. 10



E � EÆ = 25 keV the self-absorption will also 
ontribute with theattenuation of the mi
rowaves while still produ
ing enough emission atthe sub-THz domain. Of 
ourse the two sub-THz frequen
ies data points forthe De
ember 6, 2006 burst are not suÆ
ient to de�ne the 
omplete syn
hrotronspe
trum and the various parameters involved to shape it.A 
hallenging explanation is needed for the "double spe
tral" emission, withone mi
rowave 
omponent peaking between 6 and 15 GHz and another spe
trallyindependent 
omponent peaking somewhere in the THz range. One explanationmight 
on
eive independent a

elerators at the 
aring sour
e, produ
ing di�erentenergy ele
trons nearly simultaneously, emitting at two spe
tral 
omponents.However the observations available are too limited to bring any favorable evi-den
e for this possibility. Another s
enario suggested by Wild and Smerd (1972)might be adopted, pla
ing a single a

elerator 
loser to a single polarity foot-point inje
ting ele
trons into a magneti
 morphology split into two separateloops, one low altitude with stronger �eld, another weaker �eld, higher abovethe solar surfa
e, originating the two syn
hrotron spe
tral 
omponents. Althoughthis possibility was suggested in the dis
ussion of other bursts of this 
lass (Silvaet al., 2007; Trottet et al., 2008; Cristiani et al., 2008), it requires a number ofsele
tive free assumptions for the emissions not suÆ
iently 
onstrained by theexisting observations.Syn
hrotron emission from high energy positrons was �rst proposed by Lin-genfelter and Ramaty (1967) to a

ount for mi
rowaves.More re
ently, Trottet(2006) suggested that positrons from 
harged pions would be an attra
-tive possibility to explain the THz 
omponent. Indeed, for one event,Trottet et al., (2008) showed that: (i) the 210 GHz impulsive phaseemission started simultaneously with the pion produ
tion and; (ii) the210 GHz emitting sour
e 
oin
ided with a region of ion intera
tions,distin
t from regions of ele
tron intera
tions. Su
h an interpretation
annot be quantitatively studied in the 
ase of the De
ember 6, 2006
are be
ause the 
-ray emission from this 
are was only measuredbelow 17 MeV by RHESSI. This is a too low energy to estimatethe relative 
ontributions of pions and ele
trons to the > 10 MeVgamma-ray 
ontinuum (
f Vilmer et al., , 2003 and referen
es therein).Nevertheless, it should be noted that, for similar events, the num-ber of positrons needed to explain the sub-THz emission was foundmu
h larger than that derived from gamma-ray measurements (Silvaet al., 2007; Trottet et al., 2008). We should note, however, that thereis a theoreti
al possibility for enhan
ed positron produ
tion by proton-protonintera
tions by the Drell-Yan pro
ess (Szpiegel, Dur~aes, and Ste�ens, 2007).Another suggestion was given by simulations of fully relativisti
 ele
-tron beams propagating into high density and high magneti
 �eldmedium, generating Langmuir waves produ
ing strong ba
kward e-missions with intensities larger at higher sub-THz frequen
ies as ob-served (Sakai et al., 2006). The same beam, with energies of about 2
SOLA: paper_v20081022.tex; 23 O
tober 2008; 11:22; p. 11



MeV, might also produ
e the 10-20 GHz mi
rowaves as observed. thispossibility was also simulated using proton beams (Sakai and Nagasugi,2007). However, these simulations have not taken into a

ount theimportan
e of absorption by the surrounding dense medium.These interpretations, however, 
annot a

ount well for the "double-peak"spe
trum as observed in the mi
rowave-submillimeter range. One explana-tion 
an be given by assuming parti
le-wave instabilities in beamsof ultra-relativisti
 a

elerated ele
trons, known as "mi
robun
hing".The THz spe
tral 
omponent is attributed to in
oherent syn
hrotronradiation (ISR) emitted by ultra-relativisti
 beams of ele
trons. Thebeams are bun
hed when traversing inhomogeneous magneti
 �eldstru
tures, whi
h are known to be 
ommon to sunspots (Sturro
k,1987; Antio
hos, 1998; Zhang, 2005). The GHz spe
tral 
omponent arisesfrom the broadband 
oherent syn
hrotron radiation (CSR) produ
edby a wave-parti
le instability, as a result from the bun
hing of thehigh energy a

elerated ele
tron beams. The me
hanism that produ
eintense broadband CSR was known for long time (Nodvi
k and Saxon,1954),but only re
ently re
ognized in laboratory a

elerators (Williams,2002; Carr et al., 2002; Byrd et al., 2002). It was shown that this pro
esswas possible to happen in solar 
ares (Kaufmann and Raulin, 2006; Klopf,2008). The me
hanism is highly eÆ
ient. The total power emittedby a bun
h is proportional to the total number of ele
trons in thebeam emitting the observed ISR peaking in the THz range, a

ordingto the standard interpretation, while the CSR peaking in the GHzrange is proportional to the square of the same number times a formfa
tor (0 � f � 1, Nodvi
k and Saxon, 1954). This means that only asmall fra
tion of the a

elerated ele
trons satisfying this 
onditionare needed to a

ount for the observed mi
rowaves.The same ele
tron beams produ
ing the ISR may eventually 
ollide into denserregions in the solar atmosphere produ
ing X- and 
-rays by bremsstrahlung. Ithas been shown that the ISR spe
tral 
ontribution to the observedX- and 
-rays might also be
ome signi�
ant, although not a ne
essary
ondition (Kaufmann and Raulin, 2006). The number of ele
trons required toprodu
e the hard X- and 
-rays emissions should be 
ompared to the numberof ele
trons needed to produ
e the ISR spe
trum in the THz range (ratherthan at mi
rowaves as is usually done). This approa
h may bring a possibleexplanation to the ele
tron number dis
repan
y, also known as the "ele
tronnumber paradox" (Brown and Melrose, 1977; Kai, 1986).5. Con
luding remarksThe sub-THz emitting region 
ould not be spatially resolved during the De-
ember 6, 2006 event. Therefore, a thermal interpretation of the radio emission
SOLA: paper_v20081022.tex; 23 O
tober 2008; 11:22; p. 12



above 200 GHz 
annot be dis
arded if we assume a single sour
e whose size islarger than 30 ar
-se
onds. However, the rather good similarity between hardX-ray and sub-THz time pro�les and the fa
t that hard X-rays are emitted indis
rete sour
es with diameters of the order of 10 ar
-se
onds, suggest that thesub-THz radiation was produ
ed in several non-thermal sour
es. If this is the
ase, the emission, whi
h should peak in the THz region, might be attributedto in
oherent syn
hrotron radiation (ISR) from ultra relativisti
 ele
trons orpositrons..A non-thermal interpretation brings questions on the nature of the mi
rowavespe
tra observed together with the sub-THz emission. Possibilities dis
ussedabove suggest that ele
trons are inje
ted into di�erent magneti
 ar
hes of dif-ferent magneti
 �eld strengths and ele
troni
 densities. in order to produ
e thetwo separate syn
hrotron spe
tral 
omponents. The Razin e�e
t might play arole to suppress the opti
ally thin syn
hrotron emission below 400 GHz.The mi
rowave emission might be at least partially produ
ed by anotherme
hanism re
ently re
ognized in laboratory a

elerators. Indeed, intense broad-band 
oherent syn
hrotron radiation (CSR) in the mi
rowave range may beprodu
ed as the result of the bun
hing of high energy ele
tron beams. Thesebeams also produ
e the in
oherent syn
hrotron radiation (ISR) in the THz range.The ele
tron beams produ
ing the ISR may eventually 
ollide into denser regionswhere they may 
ontribute to the X- and 
-ray bremsstrahlung 
ontinuum. Itshould also be noted that additional 
ontribution to hard X-rays and gamma-rays might 
ome from the high frequen
y part of the ISR spe
trum.Progresses in these resear
hes require measurements in the unexplored THzrange whi
h are 
ru
ial for the understanding of the relative importan
e ofthe me
hanisms dis
ussed in this study. New experiments are 
urrently being
onsidered to observe solar 
ares from ground and spa
e. The most advan
ed isthe DESIR (DEte
tion of Solar eruptive Infrared Radiation) experiment for theFran
e-China satellite SMESE (Small Explorer for the study of solar eruptions,Vial et al., , 2008).A
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