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Abstract
In the analysis of the protoaevent observed by energeparticle telescopeeRNE onboardthe SOHO
spacecraft during 16-21 June, 1998, we found two phases of strong anisotropy in the directional intensities of
protons inenergy rangé6-40 MeV. The firsbnewas duringhe beginning of the everdnd the otheabout
39 hours from thevent onsetThe anisotropy at thkatter time was stronger thaanytime during the major
10-hour plateau type intensity phase. The ratio of intensities in two pitch angle {@28%/ 1(60-90°) was
=1.4,during 10-15UT. The anisotropy waillowed by average intensity enhancement whiehs roughly
about 100 % higher than the intensity decay level of the major peak.

1 Introduction:

The solar particlevent on Juné6, 1998, wa®ne of thelargest ever since the launch of tBelar and
Heliospheric Observator$OHO, aninternational co-operation projelsetweenESA and NASA. Thesvent
was associatedith coronal masgjection on the west limb. The majoharacteristics of thejection were
registered by the Larggngle Spectroscopic Coronagraph (LASCO) on board SOH@lbsvs: Thefirst
appearance in the C2 camevas at 18:27 UTThe central position angl®A), angular width, and primary
speed were respectivedp60, 2520and 1650 km/sAssociated with the coronal magectionwas a M1.0
class X-ray flarewith maximum atl8:42 UT,and oflong duration, 85 minutes frorstart tothe end. The
first enhancement of theroton flux at SOH((252,-74,-16) Rin GSH, was measured bie telescope
HED of ERNE inenergy rang5-40MeV at 19:30 UT.The respective traveéime from Sun is about 35
minutes. Therefore it is quite possiltleatthe CME shock might have injected the obsenpatdticles right
from the beginning. Kahlgf1994)analyzedSEP injection profiles and founthat the peak in thenjection
profile of protons at high energies occurs when the CME height reaches:%:-15 R

The energeticparticle telescopeERNE, one of the twelve scientifignstruments on board SOHO,
registered an intensity profile of typical shape: 10-hour rise phasad 20-houmaximumphase, and a
smooth,3-4 daydecay phase measured by the High Energy Detelfi@ of ERNE.The size oHED view
cone is 120 x 12C°. Thiswide view cone enables tlamalysis of the variation of directional intensitjth
accuracy of dew degrees. lthis work wegive results on proton directional intensity analysis. This analysis
became feasiblafter installation oinew analysis software in thERNE on-boardcomputer in December
1997.

2 Intensity time profiles of protons:

The intensity profiles of protorereshown in three energy channelsFigure 1. The maximum intensity
in energy channel6-25MeV is =400 p/nf s sr MeV. The intensity increase towards rieximum is slow.
In energy channdl6-25MeV it takes 10 hours to reach 70 % from the maximwhgch occurs at 7 UT on
Junel?. The profile of the maximum is quiteroad. Thdntensitystaysabove the 70 %evel for about 20
hours, until 3 UT on Jun&8. The decay phase is long, lasting at leadays, and is cut by mew eventise
on June2. Thusthe duration of thevent in channel6-25MeV is six days. Thenaximum energy channel,
40-80 MeV, shows enhancement for about two days, from late hours on June 16 until the end of June 18.
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In our analysis we separdteee phases according to the general behavior of the intensity profile of the
16-40 MeV proton channel,
* rise phase A; phasehich extends from the observationfioét intensity enhancement pfotons until
the intensity has risen about to 70 % level from the maximum, 19 UT June 16 - 7 UT June 17,
* maximumphase Bwhen the intensity is d¢ast 70 % from the maximum, 7 UT June 17 - 3Jufe
18, and
» decay phase C; until the intensitgsdropped tdevel ofabout 2 %rom the event maximum, 22 UT
June 18 - 12 UT Jun20. Atthe end of the period the intensityssll above the background by a
factor of 3.
In addition wepay attention to Wwether a few majdituctuations in the intensitgre associatedith changes
in anisotropy.

3 Analysis of particle flux directionality:

We updated th&RNE On-Boardscientific software in Decembetr997,with an analysis prograavhich
counts the number of protons 240 snall solid angles in thédED view cone.The integrationtime is
constant, 4 minutes, artbes not depend on the magnitude of the intenEitg. directional intensities are
registered in three energy ranges for protons15€-20, 20-25.2, and 25.2-MeV. The HEDview cone is
divided in 10rings in theB-direction from the sensa@xis, and in 24 sectors i-direction. The objective in
the selection of small solid angle bins was to find such division that the counting rates would be roughly equal
in all bins under isotropic flux conditions. Because the proton intensity is measured in each 24@hgises,
the deviations counting rates from equality thus reveals a sitwatiere the directionglroton intensities are
anisotropic.

In the present analysis we combine all three energy channels of the OB proton directionality measurements
to one combined chanredbm 15.9 to 40MeV. In addition, to increase tisatistics further weombinefour
successive timgpans, for &6-minute countingate.During the maximum intensitghase B théotal HED
counting rate of the 15.9-40 MeV protons in a 16-minute bin is abod®@2Thushe average countingte
per one solid angle bin was thus about 50, reasonably high for a tentative directional analysis.

In the analysis we define the maximum intensity direction from the flux directionality:
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where £ and *° arethe observed and theoretical countiages,respectively. Theoretical countingte is
calculated from théotal observed countingate,assumingstrict isotropy. Theoptimum direction is the one
that gives maximum directional intensitAQ; is a solid angle element in tfeensorview coneand 6,
represents the angletween thdlux directionality and direction of the solid angkeactorsgn shows the
point where the directional profiles of°f and f* intersect, = 1 (-1) respectivelgr 6; < 6, showingthat
f°°5 > £° (for 6; > 6, when "% ).

Figure 2 shows the average 1-hour directionality dutidel9 June, 1998 he directionality is largest,
about 4-6 %, irthe beginning of the everfirom 22 UT on June 16 onwards the directionality is low, of the
order of 2 %. It becomes stronger during the second half oflLJya@d reaches the maximum value, 8 %, at
noon of Jund 8. Thisanisotropy maximum isonnected to the maximum intensity prevailing in the intensity
profiles in Figure 1.
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Figure 2: Average 1-hour directionality afnergetic protons ienergy rangel6-40 MeV during the1998
June 19 event.

In figure 3 we show the directional
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Figure 3. Pitch angle distribution during 10-15 UT on June
18th, 1997



maximum intensity direction is not as large as it might be in a cone with the maximum intensity divetition
inside. This presumption gartly supported byhe secondary maximum of the intensity duriig24 UT,
June 18. The deviation of the secondary intensity peak from the exponential intensity decay of the major peak,
just before and after the secondary peak, at 18-19 UT, is about 100 %. The directionality is highest before the
rise of the peak. During the presence of the secondary peak the maximum intensity is close to the center of the
ERNE view cone.Thus wecannot exclude the possibilithat there mightalso existhigher directional
intensities outside the ERNE view cone during the plateau phase B.

Most interesting result of this workoncerning the analysis of the Jut@98 event might be thelear
anisotropy slightly preceding ttstart ofthe secondary peak during the decay phase C of the paxtahe
The anisotropystarts about 3%ours afterthe event onsetThis leads to thestart of proton intensity
enhancement, which is distinguishable atUl® Junel8. The anisotropy is strong, stronger tremywhere
during the major peak. Thatio ofintensities in two pitch anglanges, 1(0-2%/ 1(60-9F) was=1.4, during
10-15 UT onJunel8. The anisotropy disappears rapidly, andnigior at the maximum of the secondary
peak at about 20 UT (Figure 1).

The origin of the secondary peakedsfurther analysis. At thenoment we mighspeculate that the
elapsed time from the onset of CME to the maximum of the pd8khours, indicates, that the interplanetary
CME shockwas propagatinglose to 1 AU. Then an obvious reasonthe anisotropy and average intensity
peak would be the injection phrticles from the nearby shock front. Similar intensithancementarewell
known in low energiemround 1MeV and less. Thefast decay of intensity and disappearance of the
directional anisotropynight then indicate thpassage of the front. Aar as weknow no detection of the
shock passage has, however, been reported.
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