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Re-examination of the October 20, 1989 ESP event

D. Lario and R. B. Decker
The Johns Hopkins University. Applied Physics Laboratory. Laurel, MD

Abstract. The energetic storm particle (ESP) event of Oc- cles, but also of the transport conditions in the upstream and
tober 20, 1989 has often been cited as an example of highdownstream regions of the shock (Kallenrode, 1995). Obser-
energy £500 MeV) proton acceleration at the arrival of a vations at 1 AU show that the intensity of ESP events varies
CME-driven shock at the earth. In this paper we re-examinefrom event to event and decreases with increasing energy
high-time resolution solar wind, magnetic field, and ener- (van Nes et al., 1984). Typically, ESP events have signifi-
getic proton data from the IMP-8 spacecraft. We concludecant intensity increases for protons with energies from a few
that the high-energy proton population observed around theéens of keV to some tens of MeV (Kallenrode, 1995); being
shock passage is not a locally shock-accelerated populatiomare increases in the100 MeV range (Reames, 1999).

but rather a population confined and channeled by a complex

magnetic field structure formed in front of the shock.

2 The ESP event on October 20, 1989

1 Introduction On October 20, 1989 an ESP event was observed at excep-
tionally high energies. There were abrupt and simultaneous
Intensity increases of energetic charged particles in associaises in all energetic proton channels (fragd MeV to 500
tion with the passage of interplanetary shocks have historiMeV) of the GOES spacecraft. This ESP event was superim-
cally been called Energetic Storm Particle (ESP) events. Thgosed on one of the largest SEP events observed during solar
earliest studies of these events indicated two possible originsycle 22 (Lario et al., 2001). In fact, the50-100 MeV pro-
for such intensity increases. While Axford and Reid (1962) ton intensities at the time of this ESP event were the highest
suggested that these increases resulted from particle accel@bserved by IMP-8 during all of solar cycle 22 (Lario et al.,
ation at the shock front, Bryant et al. (1962) pointed out the2001). An X13/4B solar flare was most probably related to
possibility that energetic particles were trapped in the vicin-the origin of the SEP event (Shea et al., 1991). This solar
ity of the shock. The present paradigm for solar energeticflare occurred on October 19 in the NOAA active region 5747
particle (SEP) events assumes that particles undergo contidecated at S27E10°, with Ho onset at 1229 UT and maxi-
uous and gradual acceleration by shock waves that propagateum at 1259 UT (Shea et al., 1991). The October 19 solar
outward from the Sun and are driven by fast coronal massvent produced intense electromagnetic emissions from the
ejections (CMESs). Therefore, particle intensity increases ob+adio to the gamma-ray domains (Klein et al., 1999). Un-
served around the time of the shock passage are composddrtunately, the SMM coronagraph was not operating before
not only of particles locally accelerated at the shock, but1603 UT, so no CME was observed at the time of the so-
also of particles previously accelerated and that, by differeniar event. However, the arrival of ejecta material at earth on
mechanisms, remain confined around the shock. October 21 (identified by Cane and Richardson, 1995) sug-
Particle scattering by self-generated Afvwaves has been gested that an earth-directed CME occurred at the time of
invoked as a mechanism for trapping particles around thehis flare.
shock front (see discussion in Reames, 1999). However, other Figure 1 shows 5-minute averages of the proton intensi-
mechanisms, as for example complex magnetic and plasmaes detected by the GOES-7 spacecraft (in geosynchronous
structures in the vicinity of the shock, may also contribute toorbit) during this SEP event. Proton intensities have been
the confinement and trapping of energetic particles. Therecorrected for counts generated by particles entering through
fore, the intensity-time profiles of the ESP events are func-secondary energy passbands (R. Zwickl, private communi-
tions not only of the shock’s efficiency for accelerating parti- cation, 2000). The dotted line indicates the time of the si-
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slow increase ofigyy and B at ~1650 UT has been identi-
fied as an interplanetary shock (Cane and Richardson, 1995),
4.2-8.7 MeV denoted as S2 in Figure 2. We note that the jumigdn, dur-
18.7-14.5 MeV ing this shock was only a factor 8100 km s°*, which, rel-
15.0-44.0 Mev ative to typical shocks observed at 1 AU, is a weak shock. We
1 39.0-82.0 Mev also note that all the solar wind and magnetic field parameters
84-200 MeVv increased in a gradual and slow transition; shocks observed
110-500 MeV at 1 AU usually show faster and more abrupt transitions. The
arrival of this shock did not produce any effect on the high-
energy £39 MeV) proton intensities, which were already
decreasing at a rate which remained constant throughout the
decaying phase of the SEP event. Thus, neither shock S1 at
. . N 0916 UT nor shock S2 at1650 UT produced a local varia-
2925 293.0 293.5 294.0 tion in the high-energy proton intensities.
Cane and Richardson (1995) have studied IMP-8 parti-
Fig. 1. GOES-7 proton observations of the 19-21 October 1989¢|e and plasma data together with neutron monitor data and
event. The vertical arrow indicates the time of the solar event, theconcluded that the shock S2 observed-a650 UT was as-
dashed verFicaI lines identify the arrival of interplanetary shocks andsociated with the solar event on October 19 (average tran-
the dotted line the onset of the ESP event. . 1 . .
sit speed 0~1480 km s ). Following this shock a CME
structure was observed on October 21. Cane and Richard-
) _ ) N son (1995) concluded that the first shock S1 at 0916 UT was
myltaneous abrupt increase in the proton |nten§|t|es that congiowed ~5 hours later by a region indicative of CME ma-
s'ut_uted thg onset of the ESP event. Dashed lines mark thgsyia| with a duration of only-2 hours (see Figure 5 in Cane
arrival of interplanetary shocks (S1 and S2) at the IMP-854 Richardson, 1995). A sudden storm commencement at
spacecraft (see discussion below). Although low-enesy/ (1000 UT on October 20 was associated with the arrival at
MeV) proton intensities peak at the arrival of the secondine earth of the shock S1 and its ejecta. The solar origin
shock S2, high-energyx39 MeV) proton intensities show s this first ejecta and associated shock has not been identi-
a clear decrease even before the arrival of S2. Energetieq (Cane and Richardson, 1995). Presumably another solar
particle data from the GOES spacecraft for this SEP evengyent from the same active region 5747 (which showed evi-
have been analyzed elsewhere (see for example Anttila et algence of intense activity on October 18-19) was responsible
1998; Klein et al., 1999; Reames, 1999). We refer to thesggy jis origin. However, an obvious and unique association
papers for a global description of the SEP event; however, Wg,as not been found (Cane and Richardson, 1995). This solar
are not aware of any previously published work that analyzesyent did not affect significantly the energetic protons ob-
this ESP event in detail. served at 1 AU, neither during its outward expansion from
Figure 2 shows solar wind spe&gdy, solar wind density  the Sun, nor at its arrival at earth. While the shock S1 did not
ngw, magnetic field magnitud®, and the 48.0-96.0 MeV affect energetic proton intensities, the arrival of the ejecta
proton intensity measured at IMP-8 during October 20, 1989material which drove this first shock evidently had important
(doy 293). IMP-8 was upstream of the earth’s bow shockconsequences for the development of the ESP event.
during this period. Energetic proton data are from channel The abrupt and simultaneous increase @4 MeV) pro-
P9 of the CPME instrument (Sarris et al., 1976). Channelton intensities at energies from 5 to ~500 MeV (Fig. 1)
P9 did not saturate even at the time of the highest particleoccurred in near coincidence with the arrival of the com-
intensity. Unlike the other CPME proton channels, P9 sur-plex plasma structure formed in the downstream region of
vived these high intensities due to a fortunate combinatiorthe first shock S1 (Fig. 2). We believe that the intense ESP
of energy discrimination logics as defined for each channekevent on October 20 was produced by this structure, which
of the solid-state detector telescope. A first shock S1, in-formed in front of S2 and behind S1, and was not due to lo-
dicated by the first dashed line in Fig. 2, was observed atal acceleration of particles by these two shocks. In fact, the
0916 UT (Cane and Richardson, 1995). This shock did nothigh-energy £39 MeV) proton intensity maxima were not
produce any significant effect on the already elevated high-observed at the time of the shock passages. Rather, the si-
energy &15 MeV) proton intensities (as seen in Fig. 1 and multaneous increase of the proton intensities (dotted line in
Fig. 2). In the downstream region of this weak shock B1, Fig. 1 and Fig. 2) was observed in temporal coincidence with
increased gradually, reaching a maximum of 35 n*4825  the rapid decrease of the enhandg@dlownstream of shock
UT. During this period,Vsy andngy, showed a less pro- S1. These data suggest that this magnetic field structure was
nounced increase. Then an abrupt decreas® obincided  acting as a barrier to energetic particles which were unable to
with the simultaneous increase by a factordf of the 48.0-  escape from the upstream region of shock S2. These particles
96.0 MeV proton intensity (dotted line in Fig. 1 and Fig. 2). were most likely injected into the plasma structure down-
Both B andngy reached minima at1520 UT, when the  stream of shock S1 during the early stages of the SEP event,
high-energy proton intensities were already decreasing. Thevhen the associated CME on October 19 started propagating

protons/cmz/s/sr/MeV

10‘6T.. e




3487

ST S2

AT 1T N L L L L L L I L B

3t I :w‘\ : ]

> N CPME ! : - 1
o L protons ! H \ IMP-8 ]
= o, P ! 7 ey h
o 48 - 96 MeV | ! 3
e - (20-sec) ! H ! ]
O E ( ) ! j ! ]
[V L ! o ! ]
g 10 ! I ! —
Q 8: 1 ;ti 1 ]
8 7+ : ‘gsl : ;r: |
S 6§ : bk : T
o 5% : aﬁé{ s : :
o 4+ : : ! -

il 1
40 =
- magnetic " o ]
30F field gé.;étg L -
= - magnitude 5@; SO &
c 20F (20-sec) &, % pa
L t . ' X _
_ 2 ‘3 . .
e P ks wit ' b4 E —
10F §";'~: | S ]
r 1 g'!% Al 3 7
i N T T I T A T - [ A N A A A R A B RO B
1

0 LA O I IO O
- N 1 H 1 -
900 S | ; R,
(] | P . ! : DN E AP
I= - (1-min.) : v, MR S ]
< 700 : TR b —
= i : g debiliet s T i
>(D B | nffﬁﬁ*I% t +i | n
- + , ' 1 ]
500 tpiiwe” 4 % | -
¥ S v ¥ ' ]

I R AT AN A A A AN A SR AT A A, I T T A T
S 65| I I B |: L L | L ! LI I I L B B |E
L 4F solar wind | § e ath i ]
9 [ density N ;:% ii ;ﬁ KR A ]

— IR L »

2 10 & . ot %i *gfw L %‘; :: o i:; _]
—_ = 4t & + - ¥ T =
B oF smonhw W SR R ek 3
c % . ! : Lt vy ]
g o« ' A B,
- . ey v
= 2 | ) R

(d)) AN N ARt AR N N B AN AN AN B SR AN AN B AN A AN AN AN A AN B A A

]
293.2 293.4 293.6 293.8 294.0
1989 day of year

Fig. 2. IMP-8 observations for the October 20, 1989 ESP event. From top to bottom: 48.0-96.0 MeV proton intensities from the CPME
instrument; magnetic field magnitude; solar wind speed and solar wind density. Dashed vertical lines identify the arrival of interplanetary
shocks at IMP-8. The dotted line indicates the magnetic field discontinuity marking the onset of the ESP event.
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from the Sun, and the associated driven shock was still stron@nd produced the peculiar time-intensity profiles of this un-
enough to accelerate a large number of particles to high enasually energetic and intense ESP event.

ergies. Had shock S2 propagated in an undisturbed medium,

e.g., one devoid of large and systemasivariations, the re- AcknowledgementsiVe acknowledge NASA Contract NAS5-97271
sulting ESP event would likely have shown a more typical and NGDC.

profile, both in terms of its peak proton intensities and the
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