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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 limb 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
disk.
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no !!arigin :ýf Iamrn.ma-Ray Emisaion
tný 9wind-thik-L~r-c ýara -,n 29 S.octeniber 1989

Se ''rn,. . ' Y

-reot'r-:3j i ~rt.;:r.::s~t rt~c ai tME-rNven ccrczria st-ccx
!n is ~a uuý;;tie -ctrco I :.-ýO tr~er;e!'c :ýrstcns 'Mat crcxu.2t:r emisr~icn ::n

AF; reý,cr1&ý< cy Vie,;rrd a !;rs 193.. arge flare locwrm oeniric he
x;wen :0 h~ ?e ;Ln on 293 3,ctIerner IC-82 was associated with detec*atie

nrm-w.n ;GPL1 rmlssbcn. S%" 3amnma Pay S,-srometer abserraticns cý
S-ivent o-er-in w!,rie -.e sateklie -_ner-ned frTam :nt Mps t '

-,cnce-er- l "~t :Tzenx,,mum cýf 1he X9.8 scft X-ray bur;: but presumatbly after ttEý
r 4)wx J( *76 :m v prmase GRL emrosicn. Tshe 13re stan '!m ýnsr X-rays was

o4,J rxc T1r1tflc Al )rn=is;cn, an :mCuLsive phase Priencmerlcn, wnas
I;~r'' cm '.124.21-11223 U7. ýPL -?misz;cn was observed !rcm 1, 33 UT .;rt~l

E.-) .J7 vnEn SIMM )rtrers~ .- ruial nit Tho first Ha emission c-a an be
_mcr-rnz'v assc'c'aroo ~winr :Iie CGPL OvetCstrarn anc Fcr-.es*, 1.993". e... Swinscn

3ic~ Shea. '990) was a ,S "ae 1 'S-4 WOO) OOServed at 1.1ý41 UT Irom regicn 56SE,
rnen esnn-.ate frcmn :ne csitlor-s -,I 'lare-s dunng cisk passage to have been located
it 2&Z5 N98:_5), 7his uncertainty :n !crgaude ccrres~onds to a range cf

--ho GRL !are w-as ~efnark=49i fcr *,he obzserved hiigh (-0.2) ratio Cf *he 21.2
A4ev * -t-7 \AeV aemission. As '/stranc and Fo!,rres*, (1993). poin~t cut. because cf 'he
arrti arienuaticn of 1r,% 2.2 MeV neutron catture line near'the limb. this ratio imclies
ýý.at a 3i~rr.rflcar.t ltacticn of 'no GSL i~missicn crignrate-d at 1cnigiudes cn the visible

,ixa3 far as 'I Lrom 'Ile iae cenrarde. Thus this l~are ýrovides the first evidence
:; sratlaily axlendedi compoonert cf GRL -3rniszicn frcm~ sclar lares.

'/esrnndandForrst ,993 zgcest tnat :.e sritlaily extended component
s -- ortd either by oar:!ctes 'hat cdftsa fromd~are coops or by partildes precicitsting

- rcr a caronaJ1 shiock. Weo favr thMe atter suggestion. Tihi 29 Septembetr 19S9 lae
,vas as~soczatod wAth the largest ;rcund level event (GLE) observedj since 1W~, wnit

,,ti~e oser.,od at .3ner-tes z. 201 GeVd (Swir'son and Sdea 1990). -the fact that
*heY-* =or energetic partic~es (SEPsi hYers Mapidly ýnject6d onto interplanetary field
..ner roote-d tn the corona 'ar from tme lare site incicates a slilnar transport problem
'or MF13 as for the GAL.prcduc~ng -,rctcns :In this event, If the lare region were the
ýMrJCO of tboth. For SE~s. sucti atz' *!ransport' from the'enare region is generally

rtlnbutea ULn and Hudson, 1076) to owseriead acceldrallcn on op en ied 'lines by
a curcrajiinterptanoflary snock. ~Ivor ~1~presented 6bser.2tions suorcrtlng a

aortnaj hoc . te fst ~opaatlcp Tvecr~Anism for thd behirnd-the-4mo (-WI 20)
ýLZ -are ý;n 1,Z!reminir9. -n Žrne 8 l 1e made similar arguments

orx !no GL:-flatq (- Nizlo) ý)n "1 Feýn..r~ 10&t. Fco~Iowin~ ;he wor*( of Kahior et al.
"~1%34) sucri snacks arie thought t~o bo Crtven by%,.", coram~ 11mass; ejectlons (CMEs).
,n .his pneef, ove present a tra~cna of a broad and ?ji~h-speed CME thiat Was
Also'".iatrw wrth 'Zo SE?,'GSt '¶are and caicufate the fractlon of > 30 MeV protcrns
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r3; ~ ~ i flZntCis -~2:eC.K.:

t'-n._"'-r- urIe Wqas Ga~dby

.icctra:~ c<.n czae.. "M .:es can aitner
-o onic.~rvix as SE:Is or prec:pitate
L, %) GPI- em/'_iion. For

ofemils.'jons' fast ransporl' - acconp~isned
1;Y wdsr shock acceleration. Spa:LAty,

:~e ME~soc~ensemt)ie snould De ",road
;ncufltid on the ~ELairudir~al erent,

:ienccmpaiss *he frcnt-sice regicns 'Tom Z

wnicn Ir-e 2.2 MeV emnission mnust, ongir'Jte.
ernt:>orat!!y. uhe onset ct GRL errn:ssion is

rnarcg'rzafi :cnsistent wanh tne :ýreszance of
nign-energy SEPs in tne coorzr.a A simple 3;;L
aajc:.,iation rndizates *roat -3-30% of tne GL
protons accoerzitec a, a c-orcroaJ snocx-j would
need: !o :)rec;rytate :o -tie sun to prod~uce the
ocrser'jec 4-7 MeV ecm~i or A dleta~ed
rnocehgin elfort cs recuireC to netermine
wnetfler a snock can precipitate up to L 30%
of itsE > 30 MeV orclons and -,,It efficertty
acce~erale protons to energies > 20 GeV. /

A similar *prec:p:tatjng-shock' model/
has Nopen orcooseC by Ramaty et al. (1987) to
account for the pion-rino Phiase of gamma-ray
.emission observed in :hie 3 June 1982 solar
flare. It Ls an open question whether theI
spatfaly extended GRL emission in the 29 Fig. 3 PmoosoC sce-Larc tor
September 1989 flare is the same as the ae- shock acceinratien --f
delayed high-enorgy components observed in GRL-producing prctcrus
intense disk flares such as 3 June 198:2. fo e~dt~m

zflare on 29 Ser tS
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