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SUMMARY: The recently discovered new class of solar burst emission
component exhibiting very fast pulses (durations = 60 ms) at mm-waves

(A < 3 m)m) and at hard X-rays, poses serious constraints for
interpretation assuming the acceleration of low energy electrons. We
suggest an alternative interpretation assuming that the wmm-wave emission
component is part of a synchrotron radiation spectrum with peak emission
in the infrared range of frequencies and accounting for Tluxes reported
for "white-light" flare emission in the visible range. Electron energies
are reduced primarily by inverse Compton quenching on the synchrotron
source photons, producing the observed X-rays and explaining the pulses’
short time scales. According to this interpretation, the burst pulse

sources must be very small (- 106 cm) with high brightness temperatures
(~ 1030K). In a following step of the fast pulse, for t > 60 ms, the

electrons energies decay to mildly relativistic or thermal energies,
which may produce the better known Tonger Tasting (t > 60 ms) emissions
at microwaves and X-rays. . Although this interpretation is shown to be
self-consistent, it raises the need of a number of further theoretical
studies and of some crucial observational tests, specially in the sub-mm

and infrared range of wavelengths,

Key Words:
Solar bursts - mm-wave component - radiation mechanisms - Synchrotron/

Inverse Compton.



1. Introduction

The first high sensitivity/high time resolution solar
observations at 30 GHz and 90 GHz performed by the Itapetinga 13.7-m
antenna revealed an extraordinary radio burst with peak emission frequency
> 90 GHz (x=3.3 mm),and negligible emission at 30 GHz,and at smaller micro
wave frequencies observed in 21 May 1984,1326UT (Kaufmann et al.,1984a).The
burst consisted of multiple fast puises in each major time structure.

The e-folding rise time scale of such pulses was 30 ms at 90 GHz
(durations = 60 ms). Coincident hard X-ray emission {photon energy % 30
keV) was detected by the Hard X-Ray Burst Spectrometer on board of

Solar Maximum Mission satellite with a time resolution of 128 ms. In
Figure 1 we show the event and the expanded the first major time
structure of the burst at 90 GHz and at hard X-rays,Figure 2 shows the
radio spectrum of this structure. As the time elapsed, the 30 GHz
emission started showing up more intensively, with the fast pulses in
phase with 90 GHz pulses and hard X-ray emission (Kaufmann et al., 1984a).
Such fast mulitiple pulses in bursts were already known for other bursts
at larger mm-wavelengths (Kaufmann et al., 1980, 1984b), and correlated
to hard X-rays pulses (Takakura et al., 1983; Cornell et al., 1984).

Fast time structures in X-rays burst were found independently (Charikov
et al., 1981; Kiplinger et al., 1983; Bogovalov et al., 1984).

As it has been briefly discussed (Kaufmann et al., 1984a),
the 21 May 1984, 1326 UT burst, with such high radio turnover frequency
(V> 'IO” Hz) and short time scales ( ~ 0.03s),could hardly be interpreted
with the usual assumption of emission produced by relativistic,mildly

relativistic,or thermal electrons. The synchrotron emission turnover
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frequency vsm > 'IOHHZ is too high in the approximation for mildly
relativistic electrons for which the formulae derived by Dulk and
Marsh (1982) do not differ much from equations used for fully
relativistic electrons, We might thus relate vsm to the energy E of

the electrons accelerated by (Ginzburg and Syrovatskii, 1965)

-6 2
Y, = 4¢xm0° 8[& Cev) ] Hy (1)
which, for B = 1000-100 gauss,gives E > 5 - 15 MeV {or Lorentz factor
¥ »10-30), in the ultrarelativistic range. On the other hand the time

scales might be associated to length scales, £ (%3t , where ¥ is the

], we have 4 < 3 x 10%m (or

Alfven velocity. For 2 % 108 cms”
apparent angular size at the Sun % < 0.04 arc sec). The apparent
brightness temperature T can be estimated from S =(24%B/3) (-f-s/al)z,where

S is the flux density, d the distance to the Sun {= 1.5 X 'IO]3 cm), k the
Boltzmann constant, and A the wavelength., With the observed S = 70 s.f.u.

at 90 GHz we obtain Ty > 1010

K (Kaufmann et al., 1984a). In thermal
models, if we assume that the annihilated field energy goes entirely into
thermal energy of the plasma, the maximum temperature attainable
Tmaszz/SukN,which for the usually assumed B=500 gauss electron density
N=10” cm's, becomes Tmax = 7x108K < Tp. However,in this case, a density of
N =10"" em3 wouldn't prevent the 30 GHz emission to escape. The radio
turnover frequency for thermal models (Dulk et al., 1979) }-:m ¥

~ .7 1 . .
x 2.3 Tgax B << 10" Hz for any assumptions given for Tmax and B,
Alternatively if we assume the time scales associated to the speed of

light, we obtain %?( 109 cm, or t?,?{ 13 arcsec, and therefore TBQ;'IOSK,

which is considerably smaller than temperatures generally given for flare



plasmas. Furthermore, there are evidences that the flare spatial structures
at microwaves and ultraviolet are considerably smaller than few arcseconds
(Marsh et al., 1980;Cheng,et al., 1981).

However the extremly good time coincidence of 90 GHz
and ? 30 keV fast pulses in the 21 May 1984, 1326 UT burst (i.e., less than
128 ms) suggest that both the mm-waves and the hard X-rays are emitted
by a single population of electrons. The initially strongly attenuated
30 GHz emission suggest the burst source to be opaque at 92 10” Hz,
and slowly expanding with time. We suggest one model initially based on
an early interpretation of white-light flare emission by synchrotron
radiation, peaking somewhere in the visible (Stein and Ney, 1963),
reconciling it with the observed mm-wave < 3 mm spectral component,
and with the possible effectiveness of inverse Compton scattering in
producing hard X-rays (Shklovsky, 1964; Zheleznyakov, 1970}, but with the
difference that the radiation field photonsare in our case the flare
produced synchrotron photons. The resulting inverse Compton quenching
of the synchrotron photons accounts well for the flux ratio and for
the short time scales observed. Such interpretation is in fact often used to
explain the transient emission in compact extragalactic sources

(Kellermann and Pauliny-Toth, 1968; Jones et al., 1974; Dent et al.,1983).

2, mm-waveé burst component and "white-1ight" continuum

One possible interpretation for a mm-wave burst emission
spectrum with fluxes rising with frequency is that they are a part from
a synchrotron spectrum, peaking somewhere at v>10]] Hz. Shklovsky {1964)
predicted important synchrotron emission in the submillimetric to
infrared range of frequencies (electrons accelerated in the 10-100 MeV
range in magnetic fields of 100-1000 gauss). The possibility was
explored by Stein and Ney (1963) to explain white Tight continuum and



was further discussed by Nagita and Crral (1970) and by Ohki and Hudson

(1975). However the measurements of white light continuum in flares has

been very difficult, and emission diagnostics in the 10”2 y < 1015

range of frequencies are nearly non-existent. Even in the 1011 Hz range

Hz

the burst data are scarce. The highest frequency for which a flare
emission was reported, 250 GHz (Clark and Park, 1968), suggested an
energy dissipation level higher than for estimates given to large optical
flares. There were very few cases of bursts measured at about 100 GHz
that suggest a spectral "flattening" towards higher frequencies (Croom,
1970; Cogdell, 1972; Shimabukuro, 1970; 1972;  Akabane ‘et ‘al., 1973). A
similar trend was found for a flare displaying flashes at A = 3835 R, and
disappearing when the such flashes ceased (Zirin and Tanaka, 1973). One

burst exhibiting about 40 solar flux units (1 s.f.u. = 10-22 2 ~l)

wm o Hz
at 90 GHz had no measurable flux (at the few s.f.u. level) in the usual
microwave range (2 - 15 GHz) (Shimabukuro, 1970), might well be a case
similar to the event of 21 May 1984, 1326 UT. Figure 3 shows the mm-wave

spectra for the events mentioned above.

A careful inspection of spectra in Figure 2 indicates
that the "flattening" towards higher frequencies is not real, exhibiting
a spectral reduction somewhere around 30-50 GHz, with a rise in flux
for vS 30 GHz. This double spectral structure is also seen in the
“U-shaped" microwave spectra (Castelli et al., 1973), usually associated
to proton events (and also "white-light" flares). The mm-wave emission
compeonent, rising with frequency might be, in this case, a U-shaped

spectra event, with the U displaced to an higher frequency.

In view of this scattered evidence it 1is 1likely that

the higher mm-wave spectral component 1is a genuine feature of many
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flares, suggesting a peak emission somewhere in the infrared to yisible
range of wayelengths, and accounting for the so called "white-light"
continuum emission, It might be relevant to remark that proton flares
and "white-light" flares might also occur with relatively weak microwave

bursts (Cliver et &l., 1983; Neidig and Cliver, 1983).

The present interpretation require that ultrarelativistic
electrgns are accelerated during flares. This requirement arise also
from the many independent observational results from the gamma-ray
experiments, which do imply in electrons accelerated to the 102 Mev range,
in the first few seconds of the bursts (Chupp et d1., 1983; Forrest and
Chupp, 1983},

3. The synchrotron flux and time scales.

We will concentrate in the 21 May 1984, 1326 UT burst,
which. was the first event well measured at 30 GHz, 90 GHz and hard X-rays.
Assuming that the 30-90 GHz 6bserved spectrum is attributed to a compact
synch;otfon source, its flux will rise with frequency accordingly to
F(%) o¢ ¥ (ginzburg and Syrovatskii, 1965) in the optically thick
part of the spectrum. According. to Ginzburg and Syrovatskii (1965),

the peak emission will occur at
Y, = /2 Xafos N Ha' (2)

where Y is the Lorentz factor. On the other hand, the time scale for

electron losses by synchrotron emission is

-3/2 =i/2

4
'f"s =SS xw0 8 )_’sw 5 (3)
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From the observed flux at ¥ & 10“ Hz, F(\g)=?x10'werg/cmzs
Hz, we can extrapolate for fluxes at higher frequencies 10" « Vg € Vggsin
the optically thick part of the spectrun:
-45 S/2
F(v_‘) X r2xi0 Y, "“‘J/“‘“zs ;-{& “4)
If we assume that the synchrotron losses can account for the

obseryed small time scales, and equating (2) with (3), we have
¢ = 5288 8% s 5

Therefore the observed pulses time scales 25t 2 0.06s < tg, and for a
typical B8 % 500 gauss, will require ¥x 3 x 104 (or 1.5 x 104 MeV electrons,
which. is entirely unrealistic), emitting with a peak frequency (2) of

Yo = 54 X 107 1 {in the soft X-ray range,which is also unlikely). It
appears that the observed time scales are too short to be explained by
purely synchrotron losses, and another mechanism must be added in order to
reduce the lifetime of ultrarelativistic electrons, with more plausible

magnitudes for the energies to which they are accelerated.

4. The_inverse Compton quenching of synchrotron photons in a compact source.

One of the most effective mechanism to reduce the electron
energy in short time scales i{s the inverse Compton scattering of the
relativistic electrons on the "soft" photons emitted by a background
radiation field (Shklovsky, 1964; Ginzburg and Syrovatskii, 1964; Felten
and Morrison, 19663 Jones ‘et al., 1974; Tucker, 1975). One of the first

suggestions on inverse Compton effect to explain X-rays emission from solar
bursts was given by Shklovsky (1964). He assumed a radiation field

consisting in Ly-o quanta closed in the flare region itself, and predicted



important synchrotron emission produced in the same area, in the
submillimeter to infrared region (electrons accelerated in the 10-100 MeV
range}. Acton (1964), however, argued that for the time scales then
believed to be involved (300 sec), the bremsstrahlung mechanism by
ultrarelativistic electrons was still more efficient, setting ion

3

densities of about 10" cm™> as a 1imit for the burst duration by

collisional losses. For the pulse durations found here, however (~ 104
times smaller) Acton's (1964) argument becomes impossible, since it would

15

imply in ion densities unrealistically high (~ 10 cm'3) for the solar

atmosphere,

The possibility of assuming inverse Compton scattering to
explain hard X-rays in solar bursts was also raised by Zheleznyakov (1970},
who associated the radiation field with the solar optical emission.
Korchak {1971) has reviewed this problem, which was also discussed by

Brown {1976).

In order to have inverse Compton emission dominating over
synchrotron for producing the X-rays the photon energy density Uph > the
magnetic energy density & = 8Y/8n  (for example, Tucker, 1975). We
find, howeveg that this do not seem to be the case for the solar blackbody
optical background, for which the temperature T 22 6000K, and thus
UP" = mTT Y yhere o is the Stephan-Boltzmann constant and ¢ the
speed of light. We obtain Uf,, X 30 erg/cm3 << Y . Zneleznyakov
(1970), however, still consider possible to have hard X-rays by inverse
Compton scattering of 100 MeY¥ electrons on optical quanta with radiation

density of ~ 5 erg/cms.
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In this interpretation we assume the condition L{,;, > Ua
on the grounds that if synchrotron was competing or dominant at X-rays,
the observed time scales for the pulses are too short. We will analyse
now the denser radiation field produced by the synchrotron emission itself
(KeYlermann and Pauliny-Toth, 1972; Tucker, 1975). Using a Rayleigh-
Jeans approximation for the emitted radiation, which is approximately true

for the optically thick part and for the peak of the spectrum,

Gy = 4L eng/eus’ (6)

where I (_ergjcmzs)_ is the emittance at the burst source. Therefore for
%1, > B/gw (_%104 er'g/cmS, for B = 500 gauss) we shall need

I> 2.3 x 1013 e_r'g/cmzs. White-1ight flare observed powers are of the

26 _ 027

order of P 2 10 erg/s in the visible range (Stein and Ney, 1963;

Hudson, 1972; Ohki and Hudson, 1972; Neidig and Cliver, 1983). We

therefore need source sizes zg < P/, or Lg < 4 X 106 cm, This

Fimitation can be well compared to the size of the compact synchrotron

source assuméd here  (Tucker, 1975)

£, < F(y,) @ ./‘Ial W (7)

uhich for B = 500 gauss, d the distance to the Sun ( = 1.5 x 10]3

O'I'I

cm)

,,,,,> 1 Hz, and F{%) S 7x 10']8 erg/cmzs Hz, as suggested by

observations, provides !Ls‘v( 3 x 10% ¢n.

We.can conclude that the compact synchrotron source can
provide the necessary photons to produce efficient inverse Compton

scattering. (If we have many of these sources scattered accross a typical
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flare area(say A % 1016 cmz), and are not resolved spatially by
instrumentation, the apparent emittance from that area will be the

usually reported P/A % 1010 ergfcmzs for white-light flares, much smaller

than the actual emittance from individual sources).

For the burst of 21 May 1984, 1326 UT, we can estimate the
frequency of peak emission, It should satisfy both the relationship
(4)_and the observed time scales 246ty €, . The inverse Compton time

scale for electron losses (Tuckér, 1975)

12 2
f" - 3.8 ®1D —L

"j'na ¥ (8)

with Uph given by (6). The emittance I is related to the flux density
observed at the Earth by
Yom

I:fICV)dV =
[+

EC%) A1 d? Vi,
_%z

-M,g /auzs (9)

with.d = 1.5'x 10]3(':111, tcz 0.056s, B = 500 gauss, assuming 25-9106 cm,
and equating (8) with (2) and (4) we obtain

(%) );ifz =0 (10)
From (4), F ( %, ) =1.2x 10745 %-:z. , and therefore substituting in (10)
we obtain 3:‘,,?310]3 Hz, in the infrared range, For the peak emission at
that frequency, we have from (2), ¥ & 130 (or electrons accelerated in the
66 MeV range). The inverse Compton X-ray photons produced by the
synchrotron emitted photons should be at (Ginzburg and Syrovatskii, 1964;
Tucker, 1975}
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3 o=y Hy (1)

13

or ¥, % 1.6 x 10"/ Hz, for », = 10'° Hz, which is entirely reasonable.

In Figure 4, we show the observed data on the 21 May 1984,
1326 UT burst, as full lines at the radio and X-ray bands. Dashed line

indicate the suggested synchrotron spectrum with Y, = 1013

Hz, as
required by inverse Compton quenching of synchrotron photons on a time
scale t, = 0.06s. The white-light continuum typical fluxes measured
by various authors (Nagita and Orrall, 1972; Ohki and Hudson, 1975;
Neidig and Cliver, 1983) are indicated in the visible and fits very well
into the predicted synchrotron spectrum. We note again that X-rays
cannot be produced by synchrotron radiation, not only because of

Urh > Up  for the compact sources described here, but also because the

13

pulse time scale for ., =10

em Hz which would be, according to (3),

ts X 15 sec DS St.

5. Synchrotron and inverse Compton fluxes and pulses' energy

We shall assume now that the ultrarelativistic electr_ons

haye a power law distribution in energy where the density

wM(iY) = K 3'."' (12)

where the energy spectral index n is related to the emitted photons
energy spectral index ¢  (for inverse Compton which is the same as the

synchrotron spectral index for %% %, ):
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e 7wt (13)
3
The volume emissivity of the synchrotron radiation at 9'3;," is ( for
example Tucker, 1975):
Ak  F
. ~2/ 4 ¥ 3 14
J%)= 17x0 K o(n) B (T) rg [ou? 5 Hy (14)

where a{ m )} is calculated by a formula given by Ginzburg and Syrovatskii

(1965).

For an emitting source size Ly we have

L] e
F(%)=40%) ¥ (%.) g Joud sty (15)
where ('g,sfd)z is the source's solid angle. MWe rewrite (14)
gr! %
- c2 oY 4 xi0® 2 (16)
F(%) = +7#:0 £ atmy 8 ( . ) ag fes Hy,

where ¥ 2 253 . from the hard X-ray spectrum (Kaufmann et al,, 1984a)
a % 3.2, m =7.4a() =02, for %, = 1013 Hz, we obtain from

(4) FC M, } =4 x 10_13 er'g/(:m2 s Hz. For B = 500 gauss in {16) we
obtain KV =2 3.6 x ]044 electrons/x¥'"™ . With Lo X ]05 cm, we obtain

K 2 3.6 x 1020 electrons/ '3'"1: e,

In order to estimate the total number of electrons

accelerated, we have

5
Mé (? 3‘;): VINCA') Ay (17)
¥
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where M(¥)= RY h . An assumption must be made for the smalter

limit 75'], while )’2—)“’. From the predicted synchrotron spectrum

(Figure 4), the maximum emission occurs for vsm = 10]3 Hz. We can

estimate for a power law distribution of electrons (Ginzburg and Syrovatskii,

1965):
3} ~ .5»/5“ __,lf‘,‘:__-/ (18)

where y (n275)= 5 . Therefore, for B = 500 gauss, we have ¥, & 30.

3
Integrating (17), with K as above { = 3.6 x 1028), and v &~ £ (10'® cn®)
3
0

29

we obtain Nt % 2 x1

Wy Ny me? =~ 5 x10

electrons. The total energy per pulse,
erg, which is one or two orders of magnitude

larger than estimates found in the literature for the smaller flares.

The volume emissivity of inverse Compton radiation, with the
etectron energy distribution (13) can be written as (for example, Tucker,
1975):

. b
n$3 2yl 4 it ~(n-1)/2 (a-1) ]2
(Ve =7742C;7K2 2 ¥ ¥%
v ¢ C'm-&)'(m-‘) (m+8) ¢ © 0 s (V“‘) vy (19)

0
Where #,= ezjmczaeis the electron charge, Vv, is the frequency of the
photons of the radiation field, with a density "o {») . For vf«? Yo o

we may approximate to a Rayleigh-Jenas spectrum in the optically thick part

of the spectrum, and thus

{v)
chvy

‘"f}, (» = )°1'-°"°"$ /f.lu.a Hs_ (20)
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where I (v) =2 I-:Teq 'vz/(:z, (ergjcmzs Hz) and Teq
blackbody temperature. For practical calculations, the dependence of

5/
I (¥ )on »* doesn't differ much from the » dependence assumed before

is an equivalent

for the synchrotron radiation. Substituting (20) into the integral in (19),

and integrating from %= 0 to W=, , we obtain

Y

n)/2 g+2
f‘i: )l » 2 __» ho 3 (21)
5 f"c) Cw3) Svy rf A”"-"/“:'“"

Substituting (21) in (19), with F(% ) = 3( %) 2 (£s/d)2 (similarly
to (15)) we obtain for hard X-ray fluxes

F¥%:) .-=f_-5'x!o CPC“) KV (%”‘ 97 Yfels by (22)

where q(n) = [2™3(n? + 4n +11)/(n43)%(n41) (45)]  The ratio between
inverse Compton flux to synchrotron flux for % Y%, and for a
radiation field following approximately Rayleigh-Jeans relationship for

frequencies ¥ Y, % » 15 obtained from (16) and (22).

. -car1) 26
OO gmis” fpacy T G0y 3 2’%) *r % (@
chs) a.[-u)

For the present application, at . = 10'3 Hz, we have estimated from
(14) that a flux F C".,..) A 4 x 10713 erg/cmzs Hz should be observed,
The observed X-ray flux at 30 KeV (7 x 1018 Hz) was F (% )=2 x 10 -2

erg/cm s Hz (or 1 photon/cm s KeV). Therefore the observed ratio is

FO%) ~ rxid 3
F(vs)

(24)

13
Substituting (24) in (23), with % =3.2, n=7.4, Y = 10 “Hz,
=7 X 1018 Hz, we obtain a(n) = 0.2 and Q(n} = 1.1, and thus
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v r2x10" (25)

10

For B8 = 500 gauss, we obtain Tag © 4 x 10 "K, which is consistent with

q
the high brightness temperature inferred for the compact opaque

synchrotron source. {Similar results can be obtained adopting for F(32)

the fluxes reported for white-light flares).
Similarly to what has been obtained from (16), we can

alternatively determine the same KV from (22), with all parameters

established above.

6. Concluding remarks

It has been shown that the newly discovered solar burst
spectral component for 22 3 wm can be interpreted as part of the
optically thick section of a synchrotron radiation emitted by ultra-
relativistic electrons (E > 15 MeV). The maximum of the spectrum is
somewhere in the infrared range, and can account for the white-light
continuum observed for some flares in the visible., This interpretation
is applicable to burst producing multiple fast pulses, with time scales
set by inverse Compton quenching of the synchrotron photons, and accounting
for the hard X-rays observed. The individual pulse source must be very
small (xs A 106 cm} and present very high brightness temperatures
(Tg ~ IU]OK). 'These scale magnitudes are set by assuming both the compact
synchrotron sources'® Timitations or by assuming Alfvén times involved in

the acceleration region,
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According to this interpretation we may conceive the flare
impulsive phase generated by multiple fast energetic pulses and consisting
inta two steps. The first one lasts less than about 60 ms, during which the
nitially ultrarelativistic electrons loose most of their energy
Primarily by inverse Compton scattering producing the observed fast mm-waves
and hard X-ray pulses. The second phase, for t > 60 ms the electrons have
decayed to energies << 15 MeV (to mildly relativistic or even thermal
energies), and producing the well known microwave and X-rays emission,
interpreted by the usual thermal and non-thermal models. For more complex
bursts, as the time elapses, the received radiation might contain
contribution from all processes added together, if energetic injections

continue to act.

The present interpretation explains self-consistently the
synchrotron/inverse Compton flux ratio, and the accounts for the observed
fast time scales. It raises, however, a numberofnew theoretical problems
to be further investigated and requires new observational evidences on
flares not yet available in the frequency range 101] - 1014 Hz. One
problem is relative to estimates of the importance of gamma-ray continuum
produced by bremsstrahlung (both electron~-ion and electron-electron) of
ultrarelativistic electrons. Such excess gamma-ray continuum was in fact
not obhserved for the 21 May 1984 event (Chupp, 1984). If existent, it
might have been smoothed out by the relatively large time constant of the
ganma-ray detector. On the other hand, the competition of Compton
quenching and bremsstrahlung in a compact and short-lived source requires

a detailed study.
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Burst diagnostics obtained with relatively poor time
reselution (> 10 ms) wouldn't be able to distinguish the fast time
structures, and the suggested two steps in the pulses. Of great
importance will-be measurements in the sub-millimetric and infrared
ranges, and in the harder X-rays (> 100 keV) with considerably better

sensitivity and time resolution than the presently available ones.
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CAPTIONS 'TO THE FIGURES

Fig. 1 - The solar burst of 21 May 1984, 1326 UT, observed at 7 GHz, 30 GHz,
90 GHz and hard X-rays (after Kaufmann et 'al., 1984a). In (a) the burst is
shown in compfessed time scale, and where the first major time structure A
have negligible emission at 30 GHz and at 7 GHz. It exhibits the very
good correspondence of 90 GHz and hard X-ray time structures. A 4s time
expansidn of structure A is shown at the bottom, (b), where the hard X-ray
time resolution was limited to 128 ms, The e-folding onset time was of

about 30 ms at 90 GHz, and was coincident to less than 128 ms at hard
X-rays.

Fig. 2 - Spectrum of Sttucture A of the 21 May 1984 burst, suggesting a

mm-wave component. Other data points were obtained.from AFGL and HIA-
Ottawa.

Fig. 3 - Examples of solar burst spectra published in the Titterature,
exhibiting a "flattening" towards mm-wavelengths or the supetpositfon of
a mn-wave spectral component. These results were obtained by the authors
indicated at the upper left corner. The measurements were taken with |
relatively poor time resolution and sensitivity. '

Fig. 4 - The presently suggested interpretation associate the observed
m-wave spectrum (sotid 1ine forAt{ 3mm) to a synchrotron spectrum
peaking at 10 13 ‘Hz, in the 1nfrared range. The reported fluxes for white-
Tight continum in flares are close to the predicted synchrotron fluxes in
the visible, Observed hard X- -rays {solid line} are explained by inverse
Compton quenching of the synchrotron produced photons, accounting for the
short time scale durations { % 60 ms},
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