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RESUMEN

Durante el gran evento de rayos gamma del 29 de septiembre de 1989 se observaron lineas de rayos gamma de una region
alrededor de 25 grados del sitio de la rafaga. El mecanismo que parece mas plausible para explicar la aceleracion de particulas
responsables de los rayos gamma es un choque producido por una eyecciéon de masa coronal (EMC). Sin embargo, no existe a la
fecha una explicacion de aceptacion general. Por otro lado, en junio de 1991, se observaron por lo menos tres eventos de rayos
gamma de larga duracion. De igual manera, ninguno de los modelos que se han propuesto para explicar estos eventoges convincent
En este trabajo analizamos los datos de plasma y particulas a la 6rbita de la Tierra para estos dos tipos de eventmsig discutim
posibilidad de que algunas de las perturbaciones en el medio interplanetario se originaron en la cromosfera fuera de regiones
activas.

PALABRAS CLAVE: Medio interplanetario, regiones interactivas, ciclo solar.

ABSTRACT

Gamma ray lines (GRL) from the large event of 29 September 1989 were observed from a site about 25 degrees from the
flare site. In June 1991, at least three long-duration GRL events were observed by several spacecraft. None of the models put
forward to explain these events are convincing. We discuss the plasma and particle data at Earth’s orbit for these two types of
events and we propose that some perturbations in interplanetary space may originate in the solar chromssjdertve
regions.
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INTRODUCTION from a very extended region like those associated with the
29 September, 1989 flare (Clivedral., 1993), and some have
Solar gamma-ray (GR) emission is produced by aduration of several hours as in June 18€94. Hudson and
accelerated electrons and ions interacting with the ambient Ryan, 1995).
solar atmosphere, whose main components are electron
bremsstrahlung at energies of the photons less or order of 1 Gamma ray lines from the large event of 29 September
MeV, and at energies of ~ 10-50 MeV; nuclear gamma ray 1989, were observed originated from a site about 25 degrees
line (GRL) emission of ~ 1-10 MeV, and pion decay emission from the flare site. A CME shock was proposed as the most
(>50 MeV) .9, Ramaty and Mandzhavidze, 1994). Gamma plausible mechanism to account for the accelerated patrticles
rays provide important information on a fundamental problem responsible for the gamma rays, but no generally accepted
of particle acceleration in solar flares. Thus a 2.22 MeV-to- explanation exists at present. On the other hand, in June 1991,
4.44 MeV line fluence ratio can be used to determine the at least three long duration GRL events were observed at
spectrum of accelerated particles in the energy range of 1- several spacecraft. Likewise, none of the models put forward
100 MeV/nucl. However, due to uncertainties in alpha/ to explain these events were convincing.
proton ratio, ambient and accelerated particle compositions,
and flare geometry, the uncertainty in the power-law spectral We discuss the plasma and particle data at Earth’s orbit
indexes may be as large as 1.5 (Rareal, 1996). for these two types of events and propose that some
perturbations in interplanetary space may originate in the solar
The advent of new and better instruments in space has chromosphereutsideactive regions. In the next section, we

resulted in a considerable increase in the number of solarreview the observations evidences concerning the 29
GR events detected. However, the number of these eventsSeptember, 1989 GR event. In Section 3, we discuss the
is still rather low compared, for instance, to the number of observations of the long duration GR events in June 1991. In
observed X-ray bursts or SPEs. In recent years a new type Section 4, we propose a possible mechanism to explain the
of GR flares has been discovered: some GRL events come observations.
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2. THE LARGE EXTENSION GR EVENT OF 29 The event at the solar disk occurred closed to the limb,
SEPTEMBER 1989 yet energetic particles were observed in interplanetary space
(Figure 1). The SPE profile is shown in Figure 1a. Notice
As reported by Vestrand and Forrest (1993), a large that initially the energy spec'Frum was extremely hard, but
flare behind the south-west limb of the Sun on 29 September P€came softer with time (Figure 1b). Unfortunately, no
1989 was associated with detectable GR emission. SMM Interplanetary data was available during the event, but the
gamma ray spectrometer observations of this event began Dst index of geomagnetic activity showed some response as
when the SMM satellite emerged from a South Atlantic ate as October.
Anomaly pass at 1133 UT, coincident with the maximum of
a X9.8 soft X-ray burst, but presumably after the peak of the 3. THE LONG DURATION GR EVENTS IN JUNE
impulsive phase of the GR emission (see Bhatnagal., 1991
1996).

Most gamma ray events are impulsive, with duration
The GR featured a high (~ 0.2) ratio of the 2.2 MeV to as short as a few seconds (Chupp, 1987). Mandzhavidze and
4-7 MeV emission. As Vestrand and Forrest (1993) point Ramaty (1993) point out, however that extended gamma ray
out, because of attenuation of the 2.2 MeV neutron capture emission lasting about an hour are observed from some solar
line near the limb, a significant fraction of the GR emission flares,e.g, 27 April 1981, 7 December 1982, 16 December
may have originated at longitudes on the visible disk as far 1988, and 6 March 1989). Of particular interest are the long
as 28 from the flare centroid (Cliveet al, 1993). They duration GR events of June 1991 (for a review see
conclude that this flare provides the first evidence of a Mandzhavidze, 1994; Hudson and Ryan, 1995). Nuclear line
spatially extended component of GR emission from solar emission was observed from the 4 June flare for about 2 from
flares. the 11 June flare for about 4 hours (Rgaal, 1993; Murphy
et al, 1993), and from the 15 June flare for over an hour

For SEPs, such rapid transport from the flare region is (Ryanetal, 1993).
generally attributed to widespread acceleration on open field
lines by a coronal/interplanetary shock (Lin and Hudson, ) ) :
1976). Cliver (1982) presented observations supporting a 9uring at least 8 hours after the impulsive phase of the 11
coronal shock as the fast propagation mechanism for the JUne flare (Kanbacgt al, 1993; Mandzhavidze and Ramaty,
behind-the-limb GLE-flare (~ W12)of 1 September 1971, 1996). Gamma rays of up to 3_GeV were seen for gbout 2
and Debrunneet al (1988) made a similar suggestion for hours after th_e 15 June flare (Akimetal, 1991). According
the GLE-flare (~W130 of 16 February, 1984. According to Mandzhavidze and Ramaty (1993), protons of up to 5 GeV

to Kahleret al (1984), such shocks may be driven by fast re required to explain the energy spectrum of gamma-ray
CMEs. emission in the 11 June event. In fact, both 11 and 15 June

Gamma rays with energies above 2 GeV were detected
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Fig. 1. a) NSSDC OMNIWeb data on the energetic particle profile in interplanetary space during the event of 29 Septenibeth&989,
energy channels: 1, 2, 4, 10, 30 and 60 MeV; b) Approximate spectral index evolution for the event 29 September, 1989.
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events may be interpreted as pion decay emission producedfield lines rooted in the corona far from the flare site, a similar

by trapped protons (Kocharat al, 1994; Ramatgt al, transport problem as for the GR-producing protons in this
1996). event, assuming that the flare region was the source of
both.

A possible shock wave acceleration would be too high

up in the corona at the time of occurrence of the GR Akimov et al (1994) discussed the 15 June 1991 long
component which occurs during the post flare episode duration GR event taking into consideration optical, X-ray,
(Kahler, 1984; Mandzhavidze and Ramaty, 1992; Aki®bv  microwave and solar cosmic rays observations. They
al., 1994; Somov, 1996). conclude that prolonged particle acceleration during the late
phase of the flare, rather than long-term trapping of particles
Energetic particle data were available for the GRL from the impulsive phase is necessary to explain this
events of 4 and 15 June. In Figure 2a, the SPE profile of the particular event. The most likely source of the acceleration
4 June shows an impulsive phase, followed by a gradual js a current sheet that appears as the CME moves outward
phase. The energy spectrum, being quite soft at the beginningand the magnetic field is restored. Akinehal (1994) argue
of the event, became harder and remained so until 6 Junethat rapid expansion of coronal loops in other cases would
(Figure 2b). lead to a similar result.

The event of 15 June seems to be more gradual as shown
in Figure 3a. Here, the energy spectrum starts being hard
and becomes softer towards the end of 16 June (Figure 3b).

In looking at the microwave data for these event we
notice the oscillating character of the emission. Energetic
particle data for this event, as for the 29 September 1989

. and the 4 June 1991 events, a similar oscillating character is
Interplanetary data are scarce; yet strong activity can ¢ ng (see Akimovet al, 1994). In conclusion, Akimov et

be observed (Figures 4a and 4b). This activity is apparentin 5 .5 model can explain many peculiar features of this kind
the Dst index (Figure 5), where we can see at least five o yents, especially the microwave emission except for the
geomagnetic storms occurring within a month. fact that this emission, at least in the case of the 15 June
event, isoscillating
4. DISCUSSION AND CONCLUSIONS
We suggest that a prolonged acceleration may involve
For the 29 September 1989 event, Vestrand and Forrest precipitation of the particles in a loss cone configuration.
(1993) suggest that the spatially extended component is Rather than being accelerated in an electric field, the particles
powered by particles that diffuse from the flare loops, or by might be accelerated continuously while trapped in a
particles precipitating from the coronal shock. Clie¢al magnetic field loop. This suggests stochastic acceleration by
(1993) favour the latter suggestion. The solar energetic hydromagnetic turbulence in the magnetic field during its
particles (SEPs) were rapidly injected onto interplanetary post-flare restoration. This idea implies:
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Figure 2. a) NSSDC OMNIWeb data on the energetic particle profile in interplanetary space during the event of 4 Jun¢h&d&ierigy
channels: 1, 2, 4, 10, 30 and 60 MeV; b) Approximate spectral index evolution for the event 4 June 1991.
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g. 3. a) NSSDC OMNIWeb data on the energetic particle profile in interplanetary space during the event of 15 JunethE98defgy
channels: 1, 2, 4, 10, 30 and 60 MeV, b) Approximate spectral index evolution for the event 15 June, 1991.
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Fig. 4. Interplanetary a) plasma and b) Magnetic field during June 1991 (from OMNIWeb Data Explorer Results, 1998).

1. The acceleration process takes place at coronal levels and The model involves a concept of evolving magnetic
not in the chromosphere. structures (EMSs), as introduced by Feynman and
) ) , . Hundhausen (1994). Such structures may represent a kind of
2.The .oscnlator.y behaviour of the microwave and energetm canopy of hot plasma in a magnetic loop heated from below
parucle profiles observed during these events is an by hydromagnetic waves, in such a way that the initially
important clue. Maxwellian distribution of the particles builds up a
suprathermal tail. The particles remain trapped in the
magnetic field as long as it is sufficiently strong and stable.
However, the rearrangement of the magnetic field proper
4. The heating of chromospheric plasma due to dumping of destabilises the loop. The particles start to precipitate into
energetic particles should be considered. This may account the atmosphere as they find themselves into the loss cone of
for the oscillatory behaviour observed in the microwaves the magnetic field, like water drops in a rain storm in the
and energetic particles during large extension and long Earth’s atmosphere. Dumping of energetic particles into the
duration GR events. solar atmosphere and the resulting gamma ray emission could

3. Due to the high energies of the gamma rays, alternative
particle acceleration should be considered.
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Fig. 5. Hourly data of the Dst index of geomagnetic activity for June 1991 (from OMNIWeb Data Explorer Results, 1998).

thus take place during long periods of time and in an extended CHUPP, E. L., 1987. High-Energy Particle Production in
area. As a result of the collapse, a CME is produced in the Solar Flares (SEP, Gamma-Ray and Neutron Emissions),

corona, and a fraction of the accelerated particle population Physica Scriptar18, 5-19.
might penetrate into the chromosphere. The interaction of
these particles with the chromospheric matesigbidean CLIVER, E.W., 1982. Prompt Injection of Relativistic
active region would produce long duration SEP in space and Protons from the September 1, 1971 Solar FBoéar
a GRL event from an extended region and for a long time. Phys 75, 341-345.
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