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Abstract

92% of the intense magnetic fields (> 13y) observed at 1 AU during
solar cycle 20 (1973-1975) were assoclated with shocks, stream interfaces,
or cold magnetic enhancements (CMEd), Most (52%) of the magnetic field
intensity enhancements occurred at stream interfaces; 27% occurred behind
shocks without interfaces; and 11% occurred in CMEs, The most intense
fields (25y to 37y) followed shocks, and they probably resulted from the
combined effects of shock compression, stream compression and intense
fields carried from the sun by the piston, Magnetic field intensities at
interfaces did not exceed 25y, suggesting a mechanism such as a magneto-
scoustic wave limits the intensity ahead of streams, The intensities in
CME$ did not exceed 207, Intense magnetic fields persisted longest be-
hind shocks, presumably because pistons carry intense magnetic fields
from the sun,

During a quiet period (1973-1975) interface-associated enhancements
occurred 3,5 times as frequently as shock associated enhancements, and
during an active peviod (1967-1969) shock-associated enhancements occurred
1,2 times as frequently as interface-associated enhancements. The fre-
quency of CMEs did not change with solar activity., The absolute occurrence
" frequency of interface-associated enhancements increased by a factor'of
2.4 in going from the active period to the quiet period, while the ab-
solute oCcurfence frequeﬁcy of Shock-associated enhancements decreased

by a factor of 1.7 in going from the active to the quiet period.



INTRODUCTION

Intense interplanetary magnetic fields are of baric importance to
solar wind physice, magnetospheric physice and cosmic ray phyrice. They
can evert an apprecisble pressure on interplanetary fiowe; they are
particularly effective in producing geomagnetic activity; they play an
important role in the modulation of galactic cosmic rayr; and they are
probsbly an important factor in the pronagation of ecolar energetic
particles, It has long been known that intence magnetic fields can be
.produced by shocks and by streams. Recently, it has been shown that they
can also occur in slow, cold flows which are sometimas found ahead of
high speed streams. A systematic search for stlll other types of mag-
netic field enhancements has not been nade,

A number of basic QUEStions concerning the characterintics of in-~
tense interplanetary magnetic fields remain unanswered, despite numerous
publications discussing individual events, Are there types of magnetic
field intensity enhancements other than the three mentioned above?

What are thegrentestintensities that can be produced by shocks, streams,
ete, within 1 AU? What 4is the distribution of magimum magnetic field
intensities for each type of enhancement at 1 AU? What is the relative
frequency of shock-associated magnetic field intensity enhancements,
stream—asso;iated enhancements, etc.? Does this relative frequency change
with solar cycle? What are. the plasma characteristics associated with
intense magnetic fields? This paper_aims to answer these questions using

_hourly averages of the magnetic fileld observed at 1 AU, The results
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will also serve as a reference point for statistical studies of radial
variations of intense magnetic fields measured by deep space probes

such as HELIOS and VOYAGER,
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2. DEFINITION AND CLASSIFICATION OF INTENSE MAGNETIC FIELDS

Cur definition of intense interplanetary magnetic fields at 1 AU is
based on a composite set of hourly averaged field intensities obtained
from 9 IMP/AIMP spacecraft and from 2 HEOS spacecraft between late 1963
and early 1977, Distributions of the available 71,431 hourly values
of B and of log B are shown in Figure 1, The distribution of B is
asymmetrical and las a mean value of 6,09, The distribution of log

1 0,746 = 5,57),

B 1is similar to a normal distribution; the mean is 0,746 (log~
and the rms deviation is 0,182, The finite width of thgse distributions
results from the spatial and temporal variations of boundary conditions
at the coronal source of the solar wind flow and from the action of inter-
planetary dynamical processes. ”

This paper addresses only the high end of tﬁe magnetic field intensity
distribution., We define intense.fields as those for which log B exceeds its
meaﬁ value by at least 2 d, i.e., B=13y. There are 2096 such hours in

the composite data set, Usually, intense fields persist for several hours

and can be recognized as distinct events, which we refer to as magnetic

field intensity enhancements or simply''magnetic enhancements',

thngtic field intensity enhancements can be classified on the basis
6f their relations to plasma parameters (density, n; temperatures, T3 and bulk
speed, V). We shall éhqw that magnetiec enhanoements belong to one of four
categories:

1, Enhancement associated with stream interfaces (Belcher and
‘Davis, 1971; Burlaga, 1974; Gosling et al., 1978).

2. Those which are sssociated with fast forward shocks but
not with interfaces (Hirshberg and Colburn, 1969; Schatten



and Schatten, 1972; Chao and Lepping, 1974; Burlaga 19754
Hundhausen 19724 Dryer 1975

3. Those which can be identified as cold magnetic enhance-
ments (Burlaga et al,, 1974), and

4, Enhancements which are not assoclated with a shock, in-
terface, or CME,

The presence of shocks, interfaces, or CMEs was determined from
plots of hourly averages of the plasma and magnetic field data compiled
by King (1977) for the period November 1963 through December 1975, We
congidered only those events for which nearly complete sets of field and
rlasma data are availabla,

Shock associated intensity enhancements are easy to recognize be-
ceuse a fast forward shock isg characterized by a simultaneous increass in
V, n, T, and B. Two examples of such enhancements are shown in Figure 2,
(The configurations behind the shocks will Be discusscd.belaw}. Interface-
associated intensity enhancements are also easy to recognize, because inter-
faces are characterized by an abrupt decrease in n, and a simultaneous.
increage in T and V, An example is shown in Figure 3, Usually, the mag-
netic field intensity is maximum at the interface, Interface-associated
enhancements may be divided into two classes-those preceded by non-lineat
pressufe ﬁavés or shocks (Figure 4), and those_withnut.such waves (Figure
3). BSince we uéed hourl& aﬁerages, we could not dis:inguish between shocks
and non-linear pressure waves,

CMEs are readily identified because they occur where the temperature
is extremely low, ﬁsually in low speed regions ahead of streams, An ex-

ample is shown in Figure 5, The laygest peek in B in Figure 5 may be
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due in part to a compression resulting from the veloclity gradient in the

stream, buf the intense fields in the low temperature region where the

speed is constant or decreasing may be classfled as a CME, WNote the un-

usual field directions in the CME, suggesting a loop or bottle configuration,
We compiled a list of all (149) magnetic field intensity enhancements

with adequate data coverage, in the period 1964-1975, and we classified

them according to the categories listed above, Table 1 shows the results

of our classification, 907% of the magnetic enhancements fell uniquely into

one of the first three categories, i,e, they were associated with a shock

or an interface or a CME, 8% of the enhancements could not be associated

- with 2 shock, a CME, or 4 stream interface, 2% of the events involved a

combination of a CME, a shock, and/or an interface.

Table 1 shows that more than half (52%) of the magnetic enhancements
oceurred.ut an interface. One fourth of these were accompanied by a shock
or ron-linear pressure wave., Presumably these interface-associated en-
hancements were caused by the steepening of streams from coronal holes, 27%

of the magnetic enhancements occurred near fast forward shocks that were not

accompanied by an interface. These were probably caused by plasma

emitted by solar flares or other transient events, 117% of the magnetic

enhancements occurred in CME's, The cause of these enhancements ig not

known,




3, PHYSICAL CHARACTERISTICS OF REGIONS
WITH INTENSE MAGNETIC FIELDS

This section discusses the distribution of maximum magnetic field
intensities; the distribution of the durations of magnetic enhancements;
and the distribution of v, n, and T for each of the principal types of
magnetic field intensity enhancements (near shocks, near interfaces, and in
CMEs), These results are essential for understanding the processes which
cause intense interplanetary magnetic fields.

The distribﬁtion of maximum magnetic field intemsities for the three
principal types of magnetic field enhancements is shown in Figure 6. The
highest magnetic field intensities observed at 1 AU were assoclated with
shock waves, In fact, with one éxception, all flelds » 25y (i.,e.,greater
than the mean plus 3,5 o) were associated with shock waves. The largest
hour average magﬁetic field intensity ever fecorded at. 1 AU is 44.8y;
this festure was also observed in association with a shock en August

4, 1972, by the Pioneer spacecraft (Dryer et al,, 1976). Since we have
no data at 1 AU for this event, it is not comnsidered in our analysis. The
most intense magnetic field that was observed in any of the enhancements
that we studied is 37y, which corresponds to the average magnetic field
intensity logarithm plus 4,5g. The data for that event (January 13, 1967)
are shown in Figure 2, Note that:

&) the speed in the flow behind the shock is.relatively

low (< 500km/s),

b) the density and temperature in the magnetic enhancement
are relatively high, and

c) the denzities in the flow behind the magnetic enhancement
are exceptionally low,

Qualitatively similar profiles were observed in other post-shocks flows, .



but there are differences in details, This is 4llustrated by the second
event in Figure 2, where the intense magnetic fields were in a narrow
piston of exceptionally hot and dense plasma, The intense magnetic fields
assoclated with fast forward shocke at 1 AU probably result from three
effects:
1., the magnetic fields in the piston itself are probably
carried out from an intense field region on the sun and

are therefore more intense than average;

2, these fields are further intensified by compression at
the shock; and

3. ambient fields in front of the plston are compressed by
the advance and steepening of the piston,

The intensity of magnetic flelds associated with interfaces did not
exceed 25y (Figure 6), All available models suggest that thoge enhance-
ments are produced by the kinematic steepening of a stream and that their

intensity is limited by the propagatioh of a maghetoacoustic pressure wave

away from the interaction region. (Rosenbauer et al., 1977; Gosiing et al.,

1978; Pizzo and Burlaga, 1977), These effects are apparent in the exemple
ghown in Figure 4, The intense fields are confined to the regions where
the speed is increasing; the ffoht and rear of tﬁeir enhancement are steep,
and they are corielated ﬁith large pgradients ?n n, v, T, thch correspond
to pressure waves, The resﬁits in Figure 6 provide a strong constraint on
such models:. they must_Bé capable of producing intensities as high as 13
“fo 25y, but the maximum intensities ahoulﬁ not exceed 25y at 1 AU. Inter=-
fades with shocks or non-linear pressure waves had a slightly greater field

intensity than interfaces without such waves,




In CMEs the largest intensity (19y) was velatively low compared to
that for the other types of enhancements discussed above (Figure 6), but
the most probable intensity was relatively high (169}, CMEs are possibly
the result of special source on the sur or a dynamlcal interaction near
the sun,but the actual cause is unknown,

Let us now consider the distribution of the durations of magnetic
enhancements. It was suggested above that intense fields in pistons
behind shocks might be drawn out from intense fleld regions on the sun,
whéreas those associated with interfaces are produced by compressing the
ambient interplanetary plasma, If this were the case, one would expect
that the duration of intense magnetic fields would be lomger in shock-
assoaiatéd enhancements than in interface-associated enhancements, because
in shock-associated enhancements the duration is related to the width of the
entire stream pilston, whereas in interface-assoclated enhancements the
duration is related to the width of the '"front" of the stream (the re~
gion where V is increasing). Figure 7 shows the distribution of durations
of events with B=13y for enhancements near shocks and for enhancements
near interfaces., There is some subjectivity in this figure due to small
data gaps, but it probably does not affect the distributions very much,
The expecfed difference is evident, The duration of the magnetic enhance=-
~ments at interfaces is usually <« 4 hr, and it is <16 hrs in any case. By
contrast the duration behind shocks has a much flatter distribution,
showing that durations between 4 hxs and 17 hrs are nearly as common
. as durations € 4 hrs; furthermore intense magnetic fields lasting as

long as 16 - 24 hrs are sometimes observed behind shocks.
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Finnlly, lat us consider the distributions of plasma parameters
(V, n, T) corresponding to the maximm intensity in each of the magnetic
field intensity enhancements that we identified, These are shown in
Figure 8, For comparison, we note that the averages and rms devistfions
of Vv, 1logn, and log T, for all of the data in the composite data
set are 448 + 114km/sec, 0,76 + 0,30, and 4.90 + 0,33, respectively,
The corresponding n and T values are 5.75¢m™3 and 0,79 x 107 °K, (Average
n and T values ave 7,33 cm™3 and 1.04 % 103 u_K,.'but the n and T distributions
are more closely log~normal than normal, as has alyeady been demonstrated
for B,) |

CMEs are very distinet in that the temperatures are usually

<5 X 10% °K and the speeds are relatively low (Of course, these are the
characteristics used to identify them). The densities are higher than
average in most CMEs, suggesting that they are related to non-compressive
deﬁaity'enhancements (NCDEs) (Gosling et al,, 1977). Another feature
suggesting alink between CMEs and NCDEs is that both are typically found
to be precursors of high speed streams, However note that some CMEs have

n<9 cm'3, and Gosling et al., have noted that NCDEs do not always have

“intense magnetic fields, The density and temperature distributions are

similar in magnetic fleld enhancements at shocks and at interfaces with
and without shocks. In most cases, the densitles and temperatures are
significantly higher than the average n and T in the solar wind, This
is probably the result of the compressions produced by the kinematic
steepening of streams and by the shocks, The average and most probable

speed in magnetic field intensity enhancements at Bhocks are higher than

9 .



in enhancements at interfaces. This is because interfaces occur just
shead of streams where the speed Ls low(they mark the forward boundary of
a stream) whereas in the case of shocks, the field intensity and speed
maxima often occur simultaneously.,

The event counts of Table 1 and of Figures 6-8 show minor variability
because for a few events, data were adequate for one purpose (e, g. event |

clagsification) but not for another (e, g. event duration determination),
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4. SOLAR CYCLE VARTATIONS

Ideally, one would like to determine the absolute rate cf occurrence
of each type of magnetlc enhancement as a funection of time for a typileal
solar cyele, This cannot be done with the available data for two reasons.,
Pirst, the solar cyele for which the data are available wasg not typical
in that peomagnetic nctivity, and by implication solar wind bulk speeds,
were unusually high in the late phase of the cycle (Gosling et al., 1977).
Secondly, data gaps prevent a determination of absolute occurrence rates.

For each year between 1963 and 1973, Barouch and King (1975) de~
termined the relative occurrence frequency of magnetic enhancements lasting
at least three hours. They did not have an extensive plasma data base
available and could not categorize enhancements by type, as is done in this
paper. With a 15y threshold for event selection, they showed local maxima in
the years 1966, 1970, and 1972,

It 1s our intent to forus on two phases of the past solar cycle, onhe
(1967-1969) generally associated with high sunspot numbey and much transient
solar activity, and the other (1973-1975) associated with low sunspot num-
ber, less transient solar activity, and the occurrence of long lived high
‘speeq streams, Tor brevity we refer to these periods as "active! and
"quiet", respectively, although each period had both fiares and.streams.

We are interested in deterﬁining the extenf to which the mix 6f
enhancement types differs for these two ﬁeriods and the extent to which
the distribution.bf maximum field intensities varies,

The results are summarized in Table 2. TFor the quiet period, the

most common type of aenhancements were those associated with interfaces

11



{57%); they occurred 3.5 times as frequently as shock-associated enhance-

ments, For the asctive period, the most common type of enhancement was the
shock-associated enhancement, which occurred 1.2 times as frequently as
interface-associated enhancements, The higher relative frequency of shocks
during the active period supports the view that shocks which are not asso~
clated with interfaces are due to ejecta from active regions., It is sig~
nificant that during the active period chz interface assocliated enhanceriznts
oceurred nearly as often as the shock associsted enhancements,

Table 2 ghows that there waxz no change between the active and quiet
periods in the following:

1. the sum of the percentages of enhancements at shocks and
at interfaces;

2, the percentage of (MEs{ and

3. the percentage of events with no interface, shock or CME,

Note from Table 2 that the occhfrence frequency of all types of
magnetic enhancements was 1,4 times greater during the quiet period than
during the earlier peried. The occurrence frequency of interface-asso~
clated enhancements increased by a factor of 2,4 in going from the active
to the quiet period, while the occcurrence frequency of shock essociated
enhancements decreased by a factor of 1,7. These results are normalized in
that the percent of all hours with field and plasma data iz similar for
the two periods (60% vs 63%), and the data gap distributions are not very
dissimilar, However, these numerical results may not be typical of active
period vs quiet period comparisons, This may be seen from the result of

Barouch and King (1975) that the annual occurrence rates for all (> 15 yi

12



enhancements fluctuates by & factor of 2 over the 1966-1972 period, with
minimal values obtained in 1967-1959 and in 1971,

The predominance of shock-associated enhancements during active
periods mey explain why the modal magnetic field intensity is sqmewhat
higher at solar maximum than at solar minimﬁm (Neugebauer, 19753 Hirshberg,
1973), since shock-associated enhancements have eﬁceptionally large mag-
netic field intensities, This implies that the magnetic field intensity
distribution should have a larger ''tail" at solar maximum, as is observed
(Hirshberg, 1969).

Does the marzimum magnetic field intensity at interfaces or at shocks
change appreciably with solar eycle? We have calculated the average Brax
for both types of enhancements with Brax > 13y, For shock-associated en-
haﬁcements, <Buax> = 19.97 in 1967-1969 and <Bray” T 19,8y in 1973-1975.
In the interface-associated enhancements, <B g VaS 15,9y for the active
period and 16.9y for the quiet period; this difference is not very large,
considering that the 1973-1975 streams were generally much faster and

longer lasting than the streams of the earlier period.
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5. SUMMARY AND CONCLUSIONS

Interplanetary magnetic field and plasma data for a period exceeding
one full solar cycle were examined for intervals in which the magnetic
intensity exceeded 13y, This threshold corresponds to <log B> +2g. 149
such intervals were found with nearly complete plasma and magnetic fleld
data, Most (79%) of these enhancemenﬁs could be associated either with
interplanetary shocks or with high speeds stream interfaces. Half of the
remaining 21% of the enhancéments could be identifed as cold magnetic enhance~
ments (CMES) while the other half could not be associated with a single
shock, interface, or CME, When the threshold for selection of a magnetic
enhancement is increased to <log B> + 35 (= 199), all enhancements are
shock or interface associated,

Distributions of maximum magnetic field intensities and of the dura-
tions for the principal types of enhancements are consistent with shock-
enhancements being due in part to the drawing out of intense fields from
the solar atmospheric shock~initiation neighborhood, while the interface-
enhancements involve just compressions of interplanetary fields in front of
the streams, The distribution of interface associated intensities suggests
the action of some mechanism ( e. g, magnetoacoustic pressure waves) which
limits these intensities to € 25y, In fact, in about 25% of the interface
essociated énhaﬁcéments, a feature consistant with a nonlinear magneto-
acoustic pressure pﬁlse is observed.

We compared the relative occurrence rates of magnetic enhancements
observed during the peridds'1967-1969 and 1973-1975, Interface-associated

enhancements were strongly dominant in the latter period, while shock~

14



associated enhancements were weakly dominant in the former. 7These results
are consistent with the latter period being dominated by high speed streams
emanating from long-lived coronal holes and the former period having con-
tributions both from the transient flows from active regions and from flows
from quasi-stationary sources, Enhancements of all types were more frequent,
by a factor of »~ 1.4, for the 1973-1975 period than for 1967-1969, The
maximum field values associated with both shocks and stream interfaces showed no
significant difference in the two periods considered, Cautions in inter-
preting the numeriecal results of this comparison as typical solar cycle
variations were stressed, |
| We note that the galactic cosmic ray intensity at 1 AU was higher in
1973-1975 than in 1967-1969, even though there were more magnetic field en-
hancements in the former period. In other words, cosmic rays were modulated
more when there were fewer enhancements. Yet Barouch and Burlaga (1975)
found that individual magnetic enhancements generally are associated with
depressions in cosmic ray intensity, Evidently the nature of magnetic en-
hancements is more important than the total number of enhancements in modu-
lating cosmic rays. The modulation was greatest in the active period when
most enhancements were associated with shocks, and it was least when in the
quiet period when most enhancements were associated with interfaces, This is
consistent with Liouville's theorem which implies that transient disturbances
(such as shock-zssociated enhancements) should be more effective modulating
agents than nearly stationary disturbances (such as interfsce-associated en-
hancements), Thus the 11 year cosmic ray cycle is probably primarily the result
of the cumulative effect of the ll-year vafiation of the number of transient

interplanetary magnetic field configurations.
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TABLE 1

CLASSIFICATION OF MAGNETIC FIELD INITENSITY ENHANCEMENTS

Magnetic Enhancements 196.5 - 1975
Near interfaﬁe 52%

(without pulse) (39%)

(with pulse) | (13%)
Near shock (no interface) 27%
Cold magnetic enhancement 11%
No interfacé, shock CME 8%
Multiple interface, shock, CME 27
Number of events | | . 149
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TABLE 2

SOLAR CYCLE VARTATION OF MAGNETIC ENHANCEMENTS

Intense Active Sun Quiet Sun

Magnetic Field . (1967-1969) (1973-1975)
Near interface 34% 59%

{without pulse) ' (30%) (43%)

(with pulse) (4% (16%)
Near shock (no interface) 417% 17%
Cold magnetic enhancement 11% - 10%
No interface, shock, CME 9% 10%
Multiple interface, shock, CME 4% . 3%
Number of events 48 67
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Figure 1,

Fipgure 2,

Figure 3.

Figure 4,

FIGURE CAPTIONS
DMstributions of 71,431 hourly averaged values of B, and of
their logarithms, as measured between late 1963 and early
1977. HNote the separate.linear and logarithmic abscissae,
Note that the rightmost B bin 1is an integral bin,
Two examples of interplanetary shock associated magnetic
enhancements, Hourly averages of magnetic field magnitude B

and plasms parameters bulk speed (V), ion density (n), and

"ion temperature (T} are shown, The solid vertical lines show

the shock arrivals at the observing spacecraft, The dashed
vertical line indicates the end of the shocked plasma regime.

Example of a magnetic enhancement assoclated with a high

‘speed stream interface, The interface is defined as the re~

gion, bounded by the vertical lines, between the density and
temperature maxima, Note that the iInterface region precedes
the speed maximum and that the magnetic field is not signi-
ficantly enhanced after the interface passes, The stepped
appearance of the plasma parameters for the January 28 -

February 4 period results from the use of three hour averages,

~Another example of an interface-associated magnetic enhancement,

This example differs frem that of Figure 3 in that here a }
nonlinear pressure wave (left vertical dashed iihe) ig ob~
served to precede the interface-(bounded by the solid and
right dashed vertical lines). The feature visible on July '

4 -5 is a shock associated magnetic enhancement.



Figure 5.

Figure 6,

Figure 7.

Figure 8.

Example of a cold magnetic enhancement. Note the largest
peak may be due in phrt to compression by the stream, but
there are intense fields in the region of low temperature
where the speed is constant or decreasing, which is charac~
teristic of CMEs,

Histograms of magnetic field maxima for principal types of
hagnetic enhancements, Numbers of enhancements of each type
are shown.

Histograms of magnetic enhancement durations for shock asso-
clated and interface assoclated enhancements. No durations
>24 hours were obsgerved.

Histograms for three plasmg parameters (V, T, n) for each

of the principal types of magnetic enhancements,
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PERCENT OF MAGNETIC FIELD ENHANCEMENTS

20

10

NAa = 50
20 o
-4
10 A ¥/ ;
pr i /
0 !: L2 /1 L LAJ',_“‘J V. ‘7."'4
> 4 NEAR AN
L/ L/ INTERFACE
0 /7777 /] AND A siock
/ ? g ST W 0 . u
/// y g y / -"]//"/ r/' 4
0 VAR L B B - - . A v . | //
0 - CME
/‘/ No’- 4
10 // / &
v 4 "/,/ » A
0 1 A /L/L‘ (Vi Wal // =&
0 10 20 30 40 50 60 70 80

b 717_

P/ . pr P

4 A/L_L‘JA‘.//

NEAR A SHOCK

No‘ 36

N

NEAR AN INTERFACE

Kp

Figure o6




PERCENT

301 b NEAR A SHOCK
N=36
20 >/, -
1O~ : . -
g
Gl AL Lt R Sl 7 (B4 70 4 VA 5 B b
60}
NEAR AN INTERFACE
A

50 - ] N=67 E
40}~ -
30}~ =
20}

1O} A — . .
5| P A R T LT LM A BTN WA AT ] TR Y, RS A

4 R 12 16 20
APPROX DURATION OF B2>13y (HOURS)

Figure 7

24



PERCENT

a0l — NEAR A SHOCK |
! N=33 .
20} 1 -
ol ik  —
i NEAR AN INTERFACE |
- R
b 4 VIS TIPS TIF =
wo of 7 NEAR AN INTERFACE
AND A SHOCK
x 20}
w ~ 1 N=I7
a L 1 "
o il i v ki i L
6o 777 NEAR A CME
B N=l4 "
40} ' 4
20} ~— :
01 LA .y .C':'] 1 1 1 ]
300 400 500 600 700
Vikm/s)
‘c S — — g ———
A NEAR A SHOCK - NEAR A SHOCK |
20t o by N=3I - o [ sk
. 4 ] !

(| $FVIVIT ‘L'?l-zm___P[ZEzn 0 S ISNIS VI OT iﬂ,nﬁ
I NEAR AN INTERFACE NEAR AN INTERFACE
‘0* N- 50 - 20- —J-JJ-. N'50 ]

20+ ) - 1ol ¢ - ST
E - " It
0L AL AL v s VilVAV D, Z 0 e I OD. VE.VHATFE TF v o
4 NEAR AN INTERFACE | W *“'j [7]INTERFACE AND SHOCK
20 AND A SHOCK & 1ol % bl ,
., N7 w i |
0 VWIS ID vivdd FS oo U . o} Vd' s | :H] L "[il‘iiﬂ
. y 30t , CME
60} CME 1 : N=14
b N=14 ) 20 /]
40 | " r—
g 1ok A 7
20~ -
- 4 — on-v
i I 1 A 1 A F P4, > = a
0 0 20 30 40 50 - g GEEE) SErel JNen  USES  DNEE
T(10%°K) n(cm-3)

Figure 8



