=
brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

SH 5.1 -5

LONGITURINAL DEFENDENCE OF THE INTERFLANETARY  PERTURRATION
FRODUCED - BY  ENERGETIC TYFE IV SOLAR - FLARES  AND OF THE
AGHOCTATEDR COSMIC RAY MODULATION

NoIUCCTy MoFARISTY M.STORTINT» GoVILLOREST asnd SFINTER (%)
Iatituto di Fisica dello Srazio Intersrlanetsrio del NR
Birartimento di Fisics - Universita’ "La Seriensas®
Fiszzale Aldo Moroy2 - 0018% ROMA ITALY

(X) Georhusical Institute - Slovak Academy of Sciences
247 0L HURBANQVD, CZECHOSLOVAKT A

Lo Introduction. Ore of the most Lgniticant features of the
flare-associated Forbush decresses ( Fds )Y in bLhe galactio
COSMILC raw ( oLy, Y dntensity dis Lhe sO-called Fast-Weat
aswvmmetry /1-%/ 3 the solar flares ( 8% ) ohserved in the
Eastern or central region of the solar disk exhibit s A
Frobability to csuse larde Fde than the Sfs ocourrinsg inm tLhe
Western rortion of 4he cdishk. In ravrticular TuCe:
et a8l./%v6/7 showed that the intererlanetary  revturbstions
generated by Ture IV Sfs derreas the oor. intensite in w
vast sriral core-like redion ( modulsted region ) Wi ok e
tends slong  the interslanetars  magnetieo field From Lhe
neighbourhood of the active redion to the advencing revrbup-
batiory ard thaty immediately sfter the flare-
turbationy  the maximum ¢.r. mocdulastion is observed betwoen
O° and 40°W < see Figures 4 and 13 in TUCCT et a8l /%7 Y of
the meridiam rlane crossing Lthe Flsre site at Lime of Flave
¢ flare’s meridisn #lame Yo This aeawmnmetrico Cole
modulation could be due to a longitudinsgl sswummetry im the
interrlanetary Ferturbation rroducing Fdse ae susideasted w
ARASOFY and YOSHIDA /2 «  This exrected sswnmetry seoms 5
bey a8t & first glafncer in contradiction with the results ob-
tained bw PFINTER /7/ on the base of multiple sracecraft,
rlasma and magrnetic field observationsy which irndicate  bLhatl
the flare-generated shook waves  exrand  on a brosd front
which is nmot srherical bt nearly symmetrical  with  resprect
to the flare’'y meridian 1 ane . I faoty O
flare-denerated shook wavey diselaved swummebtricsllw Wi th
resrect to the flare’s meridian #laner is the omly ssent
resronsible for Fds we could hardly  exelasin  bLhe Ofse Ve
East-West asusmmewtry of the modulated region.
ITUCCT et al. /8,67 showad that the front edge pertyr- N
bation “strensgth® made up by the shook and mashnetic blobh ef-
fectsy is well correlated (¢ correlation coeff. 0.96 Y wilh
the observed Fd-amelitude. Thevetore if the shock is slmost
semmetrical about the Flasre longitude the  sswawmetry of the
Fd-modulated region is Likely to be due to the magnetic rev-
turbation following the shook which should he whiwr ) sued aou-
mmetrically in longitudes ag sugdgested be HAURWITYZ et 819/,
BARNIEN/10/ tound that the descending srhase of some  Fois
xhibits a clear two-ster structure  which is locasted insdce
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the sssocisted interelanetarwy disturbance.The masnetic il
intensity and solar wind #lasms rarameters indicate that tLhe
firet ster begine with the shock rasssdge st the Farth/10v &/ 8
the second ster occurs gsererslly neasr & discontimaits locs
ted inside the mssnetic blob angd followed bw the flare edecs
ta or driver gass this second decreasse can be often cornect-
ed to the entry of the srth dinto a8 redgion with loos-like
megnetic Field comfiguration (e.g./11/7 arnd ref. thervein ).

The main Furrose of the sresent rarer s to verifw ex-
perimentslly that an sswmmetric rerturbation ( magnetic blob
and discontinwities ) following the sbock ds indeed resron-
gsible for the longitudinal aswmmetrw of bthe .r. moculationd
this will be done bw studwing statisticellw the serarate
contributions of the shock front andg the following magnetic
rerturbation on the awmelitude of the first and second ab@
of Fde se 8 function of the sssocisted §Ff longitude.

2 The influence of shoock asnd madnetic revturbation following
the shock on the Fda-smelitude at 1 AU  An exsmrle of a two-
sltor Fd time behaviour and associasted sarameters of the ine
terelanetary medium is given in Figure 1.

First of all we anzlyzedsover Lhe reviod 19264-1982y the
total Fd-amelitudes as 8 function of the heliolongitude of
the associated Sfs. Figure 2 shows that the btotal Fd-smeli-
tude derends on the lomgitudinasl rosition of the sarvernt fla-
re on bthe Sund this result shows in rarticular that the maw-
imum Fd-amelitude is observed when the flsre is locshted ~ 200
Fast of the centvral mevidian of the solar disky in obther wo-
reds when the Earth enters the Fd-modulsted restion at ~20° We-
st of the flare's meridian slane.

We mext anslured the relation between the amplitude of

the firet ester of Fds and the longitudinsl sosition of the
rarent Sfs. Figure 3 shows thaty 2 a8n averasder the highest
amelitudes are observed near the flare’s meridian wlaney in
adgreement with the results obtaimed bw  PFINTER /77,
Bw means of the envelore curves of Figures 2 and F we  o&n
determine the lsrge-sceale cohavacteristics of the two-stes
Frgdsd the rolar disgram diven in Figure 4 rerresents Lhe he-
liolongitude derendencer relastive to the flare longituder of
the totsl amerlitude together with  the amelitudes of S the
firat and secornd sters of Fds. The aswmmelric second stes
of Fds maw be due to the londitudinal asuwmetrs of the magne
etic rerturbation Tollowing the shock /7927 ¢ the magnetic
field compression sroduced by 2 nesrlys symmetric shocky sus-
tained by the driver das and exrsnding into the Arvchimedesn
interrlanetary magnetic fieldy will be move syronounced some-
where in the West of the flere’s mevidian slarney bul not too
far from this rlasne on which the shock exhibits the highest
velocities., This asswmmeltry is shown in Figuve % where the
raremeter © B r,At of the masnebtic blob following the shook
is rlotted agsinst the heliolongitude of the rarent Tere 1V
GFy where At is the time duration sndg < B > the average fi-
@ld madgnitude during the bhlob .
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Fo Relestion between the Fd-amelitude and the sssocisted dnt-
errlanetary rerturbstion. TUCCE et a81./896/7 Found thal when
the observed interslamnetary  sevturbation is eroduced bw &
Ture IV 8 the Fd-amelitude is well covrrelated with an emedi-
ric rervturbation savameter whioh i¢ the sum of two rorvamete-—
ret the shock "strensth® Pgard the magnetic blob "strength”
Fp o If we asssume thet the madgnebtic bhlob "strength® is rerre-
sentative of the magrnetic rerturbation Tollowing the shocls
the two rarameters will corressord to the Lwo effects rerop-—
ted above and therefore thew cen be sersrstelw correlshed
with each of the two steess of Fds. On the other band 8 shock
Flus a8 maegnetic bhlob were recertly sroved £12/ to form 8 su-
itable semirermeable obstacle to rarticle mobtion in order to
eroduce the observed Fds. We dinvestisated firslt the covre-
lLation between the total Fd-amelitude andgd the total sertur-
bhation rarsmeter Fo tefined asl

F;ﬂﬂF3+~ﬁ.FLw=UL+(Q1wvo)+4OE(N4wNJfN°+(B1MH°)/BOJ TAOCIREAL ) v
where Yeis the local shock velocits ( not consideresd  in
TUCTCT et al. 78+8&7 ) in km/s comeuted by usinsg the flux con-
servation ecuationt Vp= (U Ny~ VY Ng)Y /0 (N, ~Ng)$ incexes
O ang 1 refer Lo the rre- and rost-shock values resrectives
lwue  The coefficient A = 1/3400 hm.iz.an was  esbimated bu
making <Fgx = AP as indicated bw the similsr sversse
amrlitudes of the two sters of Fds ( see Figure 3 ). Fovr 21
two-ster Fds  an sceourate estimate of Fy end Ppwss rossibled
in Figure & the correlation slot betwsen Fy and the total
Fo-amelitude confirms  the results oblsined bw  ITUCCT et
a8l./8267 ( covrelation coeffic it 0.9¢ )3 moreover the i
ret ster of the decreasse is rather well coveelated wilh the
shock rarameter Fg ( correlation coeff. 0.88) as shown in Fi-
gure 7y this lower corvvelstiorn maw be atbributed to the Lo~
waer geouracw in the estimate of the first-ster asmelitudes,
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