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Solar gamma-ray line (GRL) emission was observed by the Gamma Ray Spectrometer
on SMM in association with a flare behind the west 1limb on 29 September 1989.
We present observations that support a CME-driven coronal shock as a plausible
source of the energetic protons that produced the GRL emission on the visible
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ne CRLD emeLicn was ccserved Dy the Zamma Ray
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As reperied Sy Jestrard ani Forest (19830, 3 '"'ge Aare lccated denine the
wciahwes: imo of the sun on 29 Sectember 1G9 was associaled with cetectable
s;amma-ay-ine (GRL) amission. SMM Zamma Ray v:e-“rometar obsermucrs ¢l
mie vert 5ecan when he satellita amerged frem zn. SAA pass at 1133 UT,
~cincxdert Mth the maximum of the X9.8 scit X-ray bus: but cresumably after the

=eax o1 the mpuisive chase GRL 2mussion. The lare stan Ums i sait X- -rays was
‘04 JT ane metnc type b amissicn, an mpuisive phase phemcmericn, was
sonerec rom 1124.2-1128 UT. 3FAL emissicn was ctserved frem 1133 UT untl
©1EQ JT wmen SMM onterad croea aught. The first Ha emissicn that can be
scrficenty assocaleg Mih the GAL svent (Vestrand anc Forrest, 1982, ¢, Swinsen
anc Shea, 1990) was a 18 fare ;ST4 W9Q) ocsarved at 1141 UT from regicn 2858,
Ten estimatec rom the pestions cf fares dunng cisk Sassage to have teen located
it - -325 A3823) This uncen:xmty n lcngruce ccrresoonds o 3 range cf

sccutation hewghts ot -1- 20 x 10° xm.
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Tho GAL dare was remarkame ‘or the ctserved “ugh {~2.2) ratio ¢f the 2.2
ey 'o 47 MeY amission. As ‘Yestranc anc Forrest {3 OSV) pecint cut, hecause cf the
arge anteruaticn ¢t the 2.2 MeV neutrcn cacture line near;'.he limp, this mtio imciies
“nat 1 signdicart fractien of the GRL 2mussicn originated at lengruces cn the visible
sisx as far as 25° rom 'he lare centred. Thus this dare prcmdes the first avidence
ot 3 scatialy axtencec compenent of GAL amissicen ‘rcm solar dares.
Yesiand and Forrest (1993) suggest that the spatially ‘extended compenent
s powered agher by sartictes that citiuse irem are ioces or by particles precipitating
‘rem a corcnal shock. 'We ‘aver the latter suggestion. T ’hé 29 September 1889 fare
~as5 assoc:ated with tha largest jround level gvent (GLE) obsewed sinca 1956, with
sarticies coserved at anergies > 20 GaV (Swinson and Shea. 1990). The fact that
‘hesa soar snergetc particies (SEPS) were rapicly n;ec'ed onto interplanetary fleld
ines rocted in the corena ‘ar from the dare site indicates a  similar transpert preblem
‘or SEP3 13 lor the GRL. hrodx.c.nq sretens in this avent, r! the fare reglcn were the
sourca ¢t coth, For SEPs, such rac ranspcn‘ from tHe fate regicn is generally
atnbuted Uin and Hud;on 1976) ‘o widaspread accelomilcn on open field lines by
1 coronal/ interplanetary snock, Chver (1882) presented dbservations supeenting a
sotnal shoek :,s. he'*ast propagatien mecnanism for ¢ the behind-the-imp (~W120)
. 3L farg on i Septemonr 4971 ana Zeoninner ot al, (1588) made similar arguments
7 'or the GLE fare (-W120) on 18 Fatnary 1984, Following the work of Kahler et al.
1984) such snocks ary thought (o ba crivan by fast coronhl'mass ejections (CMEs).
N ‘nis popar, e presam stsaraticns of 4 bread and giqh-speed CME that was
1ssocuitocd ‘ath the SEP/GARL Kam and calwtate the frac‘ encf > 30 Mev prctcns
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Wl the o wce GAL -
R e
Lo the 26 Seotermber -

Cecrural theswmiD are wos causee by
Srotnns agzoeraied gt 3 ShEenven coronal
mcon, Thin scenane. epicter n Fgure 3o
200eatn) Le2ause oF 10 SIMoiCTy. sanices
asCenraleC on coe. fend snes can enher
neonno 16 De observed as SEPS of precionate
1 gree nse 1o GAL emission. For 2o types
~f erusnions, st Transpory & accompiished
oy widesoread shock acceleraticn. Spatally,
‘ne CME/snock ensembie snould e broad
ancugh, based on the TME latiudinal extent,
o enccmpass the front-sice regicns from
which the 2.2 MeV emussion must onginate.
Temporally, the onsel ¢t GRL emission is
margiraily consisient wah the presence of
mgh-energy SEPs in the corona. A simple
acuiation ndicates nhat -3-30% of the GRL
£rowens accreralec at a corendl shock would e
neec 'o prec:pitate 0 the sun to produce the
coservec 4-7 MeV aemussion. A getaided
moceiing effort s recurec 0 determine
wnether a shock can precipitate up o < 30%
of s £ > 30 MeV protons anc stll efficienty /
arcelerate protens (0 energies > 20 GeV. ' e /
A similar "prec:grating-shock” mode! /
has been proposec Dy Ramaty et al. (1987) to

aczount for the pion-nch phase of gamma-ray / /‘___\/ ,
‘emission observed in the 3 June 1882 solar /\:/i /
flare. 11 is an open question whether the

spatially extended GRL emissicn in the 29 Fig. 3 Proposec scenanc far
September 1389 fare is the same as the de- : shock aczeleration ot
detayed high-energy compaonents observed in GRL-producing pretens
intense disk flares such as 3 June 1882, from a befund-the-ims
L ' flare on 29 Sep 1883
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