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FASTEST AND WIDEST CMES COULD ORIGINATE MHD SHOCKS THAT ACCELERATE SOLAR WIND IONS AND PRODUCE THE SO-CALLED GRADUAL SOLAR
ENERGETIC PARTICLE (SEP) EVENTS, VERY IMPORTANT FOR SPACE WEATHER PURPOSES. RECENTLY, IT HAS BEEN POINTED OUT THAT A SHOCK PROPAGATING
IN CORONAL AND [P MEDIUM PERTURBED BY PRECEDING PALSMA EMISSIONS COULD PRODUCE SEP EVENTS WITH VERY HIGH INTENSITIES [1, 2]. SO, IT IS
INTERESTING TO STUDY CAREFULLY CMES INTERACTION - DEDUCED FOR THE FIRST TIME FROM THE COMBINED ANALYSIS OF RADIO SPECTROGRAMS
(DECAMETRIC-HECTOMETRIC BAND) AND CORONAGRAPH IMAGES [3] - TO POINT OUT THE EFFECTS INDUCED ON ACCELERATION AND TRANSPORT OF SOLAR
ENERGETIC PARTICLES. WE HAVE STUDIED THREE INTERACTION EVENTS BETWEEN TWO CMES. EACH HAS ASSOCIATED A GRADUAL SEP EVENT, AND WE HAVE
ANALYSED H, HE, O AND FE IONS TO FIND IN THEIR BEHAVIOUR SOME CHARACTERISTICS DUE TO INTERACTION. DATA INTERPRETATION WAS PERFORMED IN
THE FRAMEWORK OF THE GRADUAL SEP EVENTS MODEL [4] BASED ON THE RESONANCE MECHANISMS BETWEEN ENERGETIC PROTONS AND ALFVEN WAVES.
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IN THE TABLES ABOVE ARE SHOWED THE SOLAR PHENOMENA ASSOCIATED WITH THE SEP EVENTS SELECTED. THE CMES PRODUCING THE GRADUAL SEP, THE
ONES PRECEDING, THE ASSOCIATED FLARES AND THE CORRESPONDING SOURCES ON THE SOLAR DISC. THE CMES DATA ARE FROM SOHO/LASCO CATALOG [5].

ALL THE EVENTS SHOW A TYPE Il RADIO BURSTS ASSOCIATED WITH THE SECOND CME (FROM 14 TO 0.5 MHZ), WITH A STUCTURE TYPICAL OF CMES
INTERACTION IN THE INTERPLANE TARY SPACE (RADIO SPECTROGRAMS ARE FROM WIND/WAVES EXPERIMENT AND ARE NOT SHOWED HERE).

FiG.1 FiG.2
THIS SEP EVENT (START 23:20 UT) IS ASSOCIATED WITH TWO IP SHOCKS DRIVEN BY CMES FROM o i G —r

NEAR SOLAR REGIONS AND WITH TIME DIFFERENCE OF ONLY TWO HOURS. INTENSITY-TIME PROFILES B R A
OF ABUNDANCE RATIOS (1.3 : 16 MEV/N; FIG. 1), NORMALIZED TO TYPICAL CORONAL VALUES AND
MEASURED AFTER THE 2ND CME, SHOW A SHORT INITIAL SUPPRESSION IN THE FIRST ENERGY RANGE: .~~~ = =
THIS IS NOT A COMMON BEHAVIOUR DURING GRADUAL SEP EVENTS ASSOCIATED WITH A SINGLE IP | | ik
SHOCK. WE INTERPRETE IT AS THE INITIAL PRESENCE OF A VERY HARD PROTON SPECTRUM CAPABLE | . s l I
TO GENERATE AND AMPLIFY ALFVEN WAVES RESONATING (SCATTERING) MOST WITH FE IONS. —

IN FIG. 2, SINGLE FE AND O FLUXES SHOW, AT THE TIME OF THE ICME TRANSIT AT ~1 AU, THE

PRESENCE OF AN INTENSE MAGNETIC TURBULENCE IN THE REGION BETWEEN THE SHOCKS THAT IS g B st
ABLE TO TRAP O IONS EFFICIENTLY: THIS COULD EXPLAIN THE HIGH VALUES OF THE FE/O RATIO JUST oy [ ) P‘ :
AFTER THE INITIAL PHASE OF THE EVENT. THESE INTERPRETATIONS SEEM TO BE SUPPORTED BY THE ET 7 J":uf.::,-_-.i ¥ [k W
QUITE DIFFERENT BEHAVIOUR OF FE/O AND HE/H TIME PROFILES, WITH FE AND HE IONS WITH : [ I

NEARLY THE SAME RIGIDITY: THIS IS A WAY TO TEST THE ROLE OF ION-WAVE SCATTERING PROCESSES.

THIS SEP EVENT (START 8:50 UT ON APRIL 10) IS ASSOCIATED WITH A CME PRECEDED 14 HOURS
BEFORE BY A SECOND CME FROM THE SAME REGION ON THE SOLAR DISC. IT HAS BEEN YET
PARTIALLY ANALYSED [6]. FE/O ABUNDANCES RATIOS IN THE FIRST TWO ENERGY RANGES (FIG. 4)
Fic.5 T = I B3 SHOW ANOMALOUS SUPPRESSED VALUES
i+ ] (<1), CAUSED BY THE FE FLUXES THAT RISE SLOWER THAN O ONES. THE PROTON SPECTRA
ANALYSIS DOES NOT SUPPORT THE IDEA OF HIGH MAGNETIC TURBULENCE IN FRONT OF THE FIRST
SHOCK. WE SUPPOSE THERE WAS HIGH TURBULENCE BETWEEN THE TWO SHOCKS, AS THE SINGLE
FE AND O FLUXES (FIG. 5) AND THE COMPARISON BETWEEN FE/O AND HE/H PROFILES (FIG. 6)
SEEMS TO POINT OUT.

| FIG.7 — FIG.8

THE CMES ORIGINATED FROM DISTANT SOLAR REGIONS BUT THEIR BIG AMPLITUDES MADE POSSIBLE || | ) - r
THE INTERACTION. FIG. 7 SHOWS PROTON FLUXES AS MEASURED BY SOHO/COSTEP EXPERIMENT. !
THE SECOND CME PRODUCED A GRADUAL SEP EVENT TYPICAL FOR A MHD SHOCK ORIGINATING .
FROM THE WELL-CONNECTED WEST SOLAR EMISPHERE. WE SUPPOSE THERE IS NO EVIDENCE FOR i ——
PROPERTIES DUE TO INTERACTION: FLUXES SEEM TO BE THE TYPICAL ONES PRODUCED BY A FAST .

AND WIDE CME EXPANDING IN THE NO-PERTURBED SOLAR WIND. e e Al B Fic.9

WE REACH THE SAME CONCLUSION ANALYSING PROTON ENERGY SPECTRA (FIG. 8; DATA FROM IMP-8/GME i L '
EXPERIMENT, 2 HOURS AVERAGES). THEIR TEMPORAL EVOLUTION SEEMS TO EXCLUDE THE PRESENCE OF HIGH
MAGNETIC TURBULENCE DUE TO ALFVEN WAVES, AS A CONSEQUENCE OF CME INTERACTION. ALSO THE
COMPARISON BETWEEN FE/O AND HE/H TIME PROFILES (FIG. 9) SUPPORT THIS IDEA: THEY ARE MODULATED ALMOST

i e A e
IN THE SAME WAY, INDICATING NO STRONG VARIATIONS OF MAGNETIC TURBULENCE MET BY ENERGETIC IONS DURING it ___-_w-—.-*--!"."u“'-'—-"‘-'-""' g

THE NOVEMBER 2001 EVENT SEEMS TO PRODUCE THE EFFECTS OF A SINGLE, VERY STRONG SHOCK, POSSIBLY DUE TO THIS TYPE OF CME INTERACTION (THE
NUMBER OF THE SHOCKS, GEOMETRY, TIMING OF THE PLASMA EMISSIONS). DURING THE APRIL 2001 EVENT THE TIME DIFFERENCE BETWEEN THE TWO
EMISSIONS SEEM TO DETERMINE AN HIGH LEVEL OF MAGNETIC TURBULENCE IN THE REGION BETWEEN THE TWO SHOCKS. INSTEAD, IN THE JUNE 1999 EVENT
THE DISTANCE OF THE SOURCES ON THE SOLAR DISC AND THE ABSENCE OF A SHOCK DRIVEN BY THE FIRST CME COULD EXPLAIN, IN THE ENERGETIC IONS,
THE LACK OF PARTICULAR CHARACTERISTICS DUE TO PROCESSES INDUCED BY CMES INTERACTION. TO FIND EFFECTS IN THE ACCELERATION AND
TRANSPORT PROCESSES OF SEP, THE STUDY OF OTHER WELL DEFINED CME INTERACTIONS EVENTS COULD MAKE CLEAR THE WEIGHT OF PARAMETERS AS
THE PROXIMITY IN TIME AND SPACE OF TWO OR MORE SHOCKS AND THEIR RELATIVE GEOMETRY.
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