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TECHNICAL MEMORANDUM

EVIDENCE LINKING CORONAL MASS EJECTIONS WITH
INTERPLANETARY “MAGNETIC CLOUDS"”

INTRODUCTICN

Recently, Burlaga et al, [1] investigated the configuration of the interplanetary magnetic field in
a flow behind a shock using Voyager, Helios, and IMP 8 observations. For that single event, they found
the configuration to be suggestive of an ordered “magnetic cloud,” approximately 0.5 AU in radial extent
and >30 deg in azimuthal extent, Further, each spacecraft, as it transited the magnetic cloud, observed
that the magnetic-field direction in the cloud changed by rotating nearly parallel to a plane, In a subse-
quent paper, Klein and Burlaga [2] (hereafter referred to as KB) extended their study of their inter-
planetary phenomenon, discussing statistically the characteristizs of 45 magnetic clouds observed near
Earth by a number of individual spacccraft over a solar cycle (1967-1978). They noted that magnetic
clouds pass Earth at the rate of at least one every 3 months and that they possess several common
characteristics related to their structure and dynamics, Though the clouds present common characteris-
tics and were thought to represent one phenomenon, they were found in three environments at 1 AU.
Therefore, KB sub-divided the 45 magnetic clouds into three groups; (a) those following shocks (13
examples); (b) those preceding interaction regions (16 examples); and (c} those associated with CME’s
(i.e., Cold Magnetic Enhancements; 16 examples), Because of the quantitative similarities between their
physical parameters (¢.g., mass, speed, occurrence rate 45 corrected for data gaps, and internal magnetic-
field strength) and those extrapolated for coronal mass ejections, KB suggested that magnetic ¢louds may
be 1-AU manifestations of coronal mass ejections (also see Burlaga and Behannon [3] and Burlaga et al,

[4,5).

In an effort to evaluate this hypothesis, a study was undertaken of the 35 post-1970 KB events
to ascertain if a one-to-one correlation existed between a magnetic-cloud observation and the occurrence
of a candidate solar event thought to be diagnostic of a coronal mass ejection and occurring at the
appropriate earlier time, For the clouds following interplanetary shocks, where the obvious proxy solar
activity is a meter-wave type II burst [6], results are consistent with such a one-to-one correlation, The
results allow such a correlation for the other two classes of clouds but do not require it; the appropriate
observable solar events, which should be considered to be proxy for the observation of a coronal mass
ejection, are not obvious in these latter two classes.

METHOD

Figure 1 shows a schematic solar cycle for the period of interest and the approximate occurrence
dates of the magnetic clouds, In the figure, “X" denotes the occurrence of a pre-1970 cloud not studied
in this investigaticn; “Ry” is the smoothed Zurich sunspot number. This study relates particularly to the

events which occurred at the time of the dots: {a) 9 clouds following shocks, (b) 13 clouds preceding
interaction regions, and (c¢) 13 clouds associated with CME’s, The division into subgroups (a), (b), and
(c) is made solely on the basis of the environment in which the clouds are found at 1 AU; it is argued in
KB that the satellite data do not suggest that there are systematic or causal differences between the
clouds of separate subgroups, Therefore, in KB it is suggested that the three types of clouds might be
manifestations of a single phenomenon,
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Figure 1, Magnetic cloud occurrence versus solar cycle (1964-1980). Cycle 20 and the rise-portion
of cycle 21 are plotted schematically, Magnetic clouds are indicated by X and @ in a 3-tier
scheme corresponding to the subgroups of magnetic clouds identified by Klein and
Burlaga (1982), The subgroups are; (a) following shocks; () preceding
interaction regions; and (c) associated with CME’s.
Table 1, adapfed from KB, ifeniifies the number, average duration, average solar wind speed,
and average travel time by subgroup and for all 45 magnetic clouds, The clouds are found to have an

average duration of 25,6 hr, and the averags solar wind speed during cloud passages is 416 km 51, These
numbers imply that the average radial extent of magnetic clouds is about 0,25 AU. Average travel time,

Sun to 1 AU, is simply 1 AU (= 1.5 x 108 km) divided by the average speed, Thus, clouds average
about 4.3 days transit time. Solar wind speeds were obtained from tabulations compiled by King [7-9].

TABLE 1. INTERPLANETARY CLOUD SUMMARY DATA

SUBGROUP NO,EVENTS  MEAN DURATION! AVERAGESPEED2  AVERAGE TRAVEL TIME3
MAGNETIC CLOUD FOLLOWING SHOCK (a) 13 26,2 463.9 924
MAGNETIC CLOUD PRECEDING AN 16 208 1.1 195.0
INTERACTION REGION {b)
MAGHMETIC CLOUD ASSOCIATED WITH 16 30,0 3824 100.9
A CME (c)
ALL MAGNETIC CLOUDS A5 25,0 415.2 163.1

TMEAN DURATION IN HR,

2AVERAGE SPEED IN km ¢!
3AVERAGE TRAVEL TIME IN HR.



KB's suggestion that magnetic clouds and coronal mass ejections are closely linked appears to be
well-founded, since some of the physical propertics of clouds und mass ejections (especially average speed

and mass) are quantitatively quite similar, The magnetic cloud average speed is about 420 km :'1, and
estimated average mass is about 2 x 1015g; coronal transient average speed is about 470 km 1 and

average excess mass is in the range 4 x 1015g [10] to 8 x 1015g [11], Also, in KB it was noted that
coronal mass ejections are always observed to leave the vicinity of the Sun (apparently never to return)
and to expand as they move outward; magnetic clouds similarly move outward and likewise appear to be
expanding (even at 1 AU and beyond [3]),

Coronal mass ejections have Leen associated by many investigators with such solar phenomena
as flares, ascending or eruptive prominences, disparitions brusque, sprays, surges, type II and/or IV and
gradual-rise-and-fall (GRF) radio events, long-decay Xsray events (LDE), prompt interplanetary protons,
and white-light coronal transients (c.g., [12-40]). Indeed, many of these phenomena appear to be closely
interrelated; for example, white-light coronal transients have been associated with eruptive prominences
and flares, LDE’s and GRF’s with eruptive prominences (or disparitions brusque/disappearing filaments
when seen against the solar disk), and fype II and IV radio events with flares and eruptive prominences,
Thus, the modus operandi for investigating the premise that magnetic clouds are the 1-AU manifestation
of coronal mass ejections was to search records within appropriate time windows for the occurrence of
thuse phenomena, regarding them as indicative or diagnostic of the occurrence of coronal mass ¢jections,
The occurrence data rega.ding solar phenomena was extracted from the Prompt Reports and Compre-
hensive Reports of Solar Geophysical Data (SGD),

Using the occurrence of clouds as defined and tabulated in KB and soler wind speed data from

o .

King’s [7-9] compilations for these events (in particular, the minimum observeq solar wind speed, YMIN?
and the maximum, Vyax), @ temporal window for each cloud was computed within which a diagnostic

event would have had fo occur at the Sun to signal the initiation of an ejection event capable of reaching
the spacecraft observing the cloud, These periods are called “cloud” or “event” windows, For example,
in Table II, event 5 is a magnetic cloud that commenced on January 21 at 0300 UT (JAN 21.125) and
had a duration of about 21 hr, During this interval, King’s data reveal Vi and Vyax to be 416 and

472 km s‘l, respectively, Thus, the event-window begin date/time is simply the cloud occurrence date/
time corrected for the travel time, presuming a constant VMIN over the 1-AU distance. That is, 21,125

-1 AU/VyN = 16.952, or JAN 16 ~ 2300 UT. Similarly, the solar event-window end date/time for this
cloud is 21,125-1AU/Vyox = 17.447, or JAN 17 ~ 1100 UT. Then, using the SGD, reports were listed

of phenomena thought to be diagnostic of mass ejection events occurring within the windows. Because
it is belicved that the association between proxy solar events and coronal mass ejections is poor, a “grab-
bay" approach was adopted and a list was made of all those phenomena which could easily be tabulated
using SGD. These were: locations, sizes, and rise and fall times of flares (especially flares annotated with
the letter codes H, L, R, U, and V meaning ‘flare accompanied by a high-speed dark filament,” ‘existing
filament shows signs of sudden activation,” ‘marked asymmetry in H-alpha line suggests vjection of high-
velocity material,” ‘two bright branches, paraliel or converging,” and ‘occurrence of explosive phase,’
respectively); type II and IV radio events; radio gradual-rise-and-fall (GRF) events; and soft X-ray events,
To conclude, the reported phenomena that arose from a single event were grouped. For example, along
with the observance of a flare might go reports of type II and/or IV emission and a GRF, all arising
about the same {ime, presumably from nearly the same solar location. It is assumed that such an event,
with a multiplicity of reported diagnostic phenomena, is more likely to indicate the presence of an
accompanying coronal mass ejection than is a solar event for which only a single diagnostic phenomenon
is reported,
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To determine that any associations that might be found between interplanetary clouds and solar
phenomena were not merely accidental ¢oincidences, control periods when no magnetic clouds were
emittod carthward were expmined and the same “diagnostic” solar activity phenomena as for the cloud
windows were listed, Using these data, the frequency, types, and locations of solar activity which
occurred swwhen magnetic clouds were not emitted earthward were comparced with the frequency, types,
and locations of activity which occurred around the time when clouds were emitted,

A control period, called a “pre-cloud” window, wes selected for each reported cloud as follows.
To be sure that no cloud was emitted carthward during §%:2 control period, it was required that good
solar wind data exist at a later time, allowing for transit of a hypothetical cloud to 1 AU, but that no
cloud was reported in KB, For a target period of 24-hr duration, ending 72 hr before the event window
began, the existence of 1 AU solar wind data at the appropriate (transit) time later was verified, '"i‘hese
data were required to be good enough (i.e,, no gaps in the solar wind coverage) to detcet the passage of
a magnetic cloud had it occurred. The appropriate transit time was taken to be the average transit time
of the class of clouds being considered; that is, for pre-cloud windows paired with subgroup (a) cloud
windows, the average transit time of the subgroup (a) clouds were used, and similarly for subgroup (b)
ard (c) pre-cloud windows. If the subsequent soler wind data were adequate, then the target period

became the pre-cloud window; gaps in the associated solar wind data caused a shift from the target period

sufficlently earlier or, rarely, later in time to ensure good solar wind data at 1 AU, a transit time later,
The shifted 24-hr period became the pre-cloud window in these cases. This procedure ensured that no
cloud was emitted earthward during a pre-cloud window. The pre-cloud windows were chosen to be
24-hr in duration for convenience; the average durations of the cloud windows were 22, 22, and 18 hr
for subgroups (a), (b), and (c), respectively. Once the pre-cloud windows were identified, solar activity
phenomena were catalogued exactly as already deseribed for the cloud windows.

The results of these data compilations and the implications which flow from them are presented
and discussed in the next section,

RESULTS AND DISCUSSION

The outcome of the search for proxy solar phenomena which would indicate the existence of
coronal mass ¢jections is shown in the remaining tables of this report, Tables 2, 4, and 6 summarize
information regarding the post-1970 magnetic clouds for each of the three subgroups, while Tables 3,

5, and 7 summarize information pertinent to the phenomena which might serve as proxies for mass-
ejection events, The A portions of the odd-numbered tables are for the windows during which the mag-
netic clouds were emitted from the Sun, while the B portions refer to the pre-cloud windows. Note the
number of: flares (as reported in the SGD Comprehensive Report); annotated lares (recall the H, L, R,
U, and V descriptions); GRF’s; X-ray events (as suggested by the tables of outstarding occurrences
and/or plots that are contained in the SGD); and type II and/or IV spectral radio events, Further, note
the number of events for which two or more diagnostic phenomena were observed and those for which
three or more were observed,

The notes below the A portion of the odd-numbered tables refer to candidate solar events which
might possibly be associated with the listed interplanetary magnetic clouds, The notes identify the
H-alpha importance, solar coordinates, date and start time (UT) of each flare; the H, L, R, U, and V
annotations, if any; the duration in minutes of any GRF’s; the X-ray class; and the occurrence of type
IT and/or IV radio events. The candidate solar eveats listed in the notes to the tables are those with
three or more reported diagnostic phenomena for magnetic clouds following shocks (Table 3A, except
for clouds 7, 11, and 13) and those with two or more reported diagnostic phenomena for magnetic

Rt




ORIGINAL PAGE 1€
OF POOR QUALITY

AYIdITILINN “diie

23 “2EEYBE (H) BTNMETSINS L3 °(v's2) 44 “8L60/62 00301S/8S

13 '(8E) 31D “BPOZ/BE LZMIZS/ES B 11 ‘23 '508L/82 (H) 0LI0IS/NS

1°Z2'sy12/18 (AN) 98312S/KE §3 ‘(L) 44D “1£G1/8Z ¥13/8S/NS

YW "(5cL) 349 °8282/1E 9L3ZTS/NG B 63 "(151<) 449 ‘6EZ1/87 8BMSIS/NS

11°0561/80 LYILON/4S . £v50/82 (1) BL3VIS/4S

A1) 34D “LIEL/E8 TYILINSES L +dW) 63 °ULLE) J89 * £260/82 Emm_m.iwv
LW "RRE) 349 F51Z/8L ££32:N/8S LW “(5'61) 44D ‘Z2r0/ez (1) gz3als/al v
11 ‘23 *(581) 44D ‘£Z51/81 EV3L0N/8L 9 09 °'1622/91 (H) 6S3IDIN/NS €

W "1BZT) 449 "IEVLL/60 DZIBOS/NS It "13 "9100/62 (n) 923015/8L
AU(LES) 445 “£C21/80 tBMBOS/NS 19 °(0L) 449 ‘sE8L1/8Z (H) 0SMBLS/HS T
¥3°£3(5°'6L) 34D 'S1¥1/80 (N) YEIBOS/NS S I1 ‘13 ‘5SZZ/81 6Y361S/4S L

FTIIYUVYAV VIVA AVH-X ON»» SILON

{8} 73 ] 0 z 4 1 5 £
{8} s 8 1 oL 8 z 1l P4l
() 18 i 1 - 8 i ra i
(s} wr 9 i 4 ¥ i} it o
{s} {7741 i 0 £1 6 ] s 6
(#) g/ e 1 L £2 g 37 8
{e) oh )] 0 i 0 i £ L
@) U 0 1 £ z z 1 ]
{1} 15 3 1 £ z 1 8 5
S3i0H e MOONIMANE MOONIM NI MOCGNIM NI MOANIA NI LA E] MOGN!M NI "ON INJA3
mm%h.wﬁm_em%m SALIJALON SH IJALON SINIAIAVH-X'ON S54H9°ON QILVIONNY 'ON S3HV14 ON

(V d00¥58NS) SAONIId MOANIM 0T ONRNA YIVA XIVANAS ALIALIOV ¥VIOS "VE ATIVL



ORIGINAL PAGE [
OF POOR QUALITY

FTIVIIVAV AVH-X ON SNVIN VEXN ‘L

{1n 0089 ‘SEL0 ‘YSED) £ SINIAT TLVHVIIS E ua

(SIWLL 1HVIS 17 E0ZL ‘+511) INIAT L ATNO AT1SVEOHd »

8/ 8 ] [+ 1 1 L {ogsL} £Z-£0 (DOG1)9Z-E0 8IS £t

117 1] =af 8 g ¥ oL {oosi) 8z-2t  (00GL)Lz—2L  LL6L 4!

8/ ] 1 jVUXN 0 Z st (oogz) 201 (DODZY10-01  ¥i6L 1

8/ o )] 8 ¥ t At {0BEZ)S1—-S0 (0OEZI YIS0  EL5I 8t

ue ] +Z i L ¥ 1] (0990} S0—+0  (0090) #0-¥D  EI61 5

greL ] ] £ 74 g gy {conilsz—oL  (sool)¢z-0l  Zi6L 8

8/ 8 B 8 1 ] 4 {oo61) €l—s0  (0OGL)ZL—-E£0 6L 14

i 8 8 -4 v £ 4 (o8¢0) 92-10  (BOED)SZ—10  2I6l ]

8/ (1 ] ] L 8 7 (0050} €1—16 (0050} ZL—l0  2L6% g
A MOONIM MOONIA  MOONIM  AMOONIA S3UVI4  MOONIM an3 NiD3g HV3IA "ON
SNOILYIO0SSY Nt ] NI NIS.H49 Q3LVIGNNY ] MOCNIM
ON 318ISS44 SAIIdAL S13dAE SIN3IAT “ON ‘0N S3¥YIA IN3A3—34d

"ON oM AvH ‘O
-X "ON

(V dn0¥54NS) SAORIAd TOYINOD QIO THS ONRING VIVA AYVNINAS ALIAILOV ¥VIOS "9 H19V.L



Q3AS1T SILNNIW 20 YITRNN IHL TVI0L MOONIM IHL NIHLIM SIOVIND SRIAH3SEOp

By

o M SUNGH NI NOLLYHAG MOONIR,

< D ; 3

e SHROH NI {L1) 3WLL 1IAVH]L,

-t suw 3

M mun (S UANIALIIDTAA,

o N SHNOH NI 3WIL,

& . F

55 {10]) IWIL TYSHIAING NI INIL,

) K1 SY I SNIHITWON,
8 S i {o061) 81-28 {0089) 91-20 +BII  25C  83€  GEE 12 00z1 8L-12:20 31
g st L {o0ze) £8~21 {0088} 20-ZL PEOL  £O0¥ Iy BSE 81 0096 92021 51
e 8 8z fo8v0) L1—+0  (0OZGISI—¥0  ¥T6 ISy €IS 88C 0z gott 510240 1
L S 51 {o01z)¥Z-c8  (3090)¥Z-£0 6TY 2  €OL 098 3 0020 SL-LZ€0 £l
¥ 851 52 {pose}61—-10  {o0SO)B1-1B 992 6ZE 1S I62 e 0000 vL-9210 rAd
522 6 113 foozi) ez—16 00z iz-L0 6L 8IS 59 10F @ 0000 £2-92-10 13
8 U 8t da10i9z-96  [005L)¥Z-90 Z8L €85 S8 OLY 31 000Z £L-8Z% ot
8 8 g {oace) 8zt D012) Lz-E0 O0E6  8yy  1SY  #EV w (1174 £L-1EE0 6
£ € x4 oovllgz-z8 (0613 £2-20 LML G¥E  28E BT 174 00g0 £L-50€0 8
2 1§ s {oog0) 21-18 (00, «¥1-10 ZT¥OL 00F 6O 16 74 ooLL £L0Z-10 L
L I | ¥l {Bo51)S0-20  {60S0)S50-28 SOML LE 10y eSE 8L 00ED 201 g9
£ 8 £l foalzloi—~10  (D0SO)OL-10 LI ¥SE €I SEE £l 00zL 2LSL10 S
y 8 111 (5061)£0-¥¢  (0GS0)E0-¥0  @BIL  €SE  WLE  1EE L 000t L8010 v
glovH ©H  NCLLvHna an3 Ni938 1i BAVA XVWWa ¥,  NOILVHAQ IWILNI93E  IINIHYNII0  ON IN3A3
MOGNIM MOGNIMINIAT MOONIMINIAI © 33VSSVd GN013 3DVYSSV4 GNG1I GRO13 50 3LvVe

o @) 0 (® ) 3z ) (a) =

(g 3N0OYOHENS) VIVA AIVININNS SNOIDTY NCLLOVYHLNI ONIIOTId SGROTD OILIANOVIN " I1dVL



ORIGINAL PAGE ‘&
GF POOR QUALITY

SE90/2Z SOMILN/AS

¥050/¢C Z9MB0S/4S 5¥81/91 9EILON/4S
6¥#0/ZZ LIMBON/NS '8 ©181/91 SEIBON/NS
23 °(51) 44D "SE00/9Z LZMBOS/NS Z'Lsei/51 (9EL) 34D
{2°88) 349 “I¥71/91 BEIEEN/NS 8vL1/5Z (N} TZMLOS/NS 32LL/51 993VIN/4S
Le50/3t (£0) 443 €03 °08p1/52 (05) 34O Lzea/st (1) 1930IN/8S
(D51} 36D TZBL/BL SZMIZN/NS 503 'SSL0/52 ZLMEDS/NS Z8Z0/51 ZYIBIS/NS ¥
EEZ/LED 13-9°03 ‘0002/k2 (0%) 265 L L£81/50 ELMBLS/4S
6260/213 EL 9°00 ‘¥520/8Z (095449 05 I~/12
SINIAI GIIHOJIWON TL  Al’ED “(SE) 349 0LI0/8Z (HN) LOMESN/NS 00il~22 ¢
SINIAZ 031H043E ON 13 20 °392€2/LZ ZL3G0S/KS G 90GE/0L 6YILIN/4S
T2Uvlivz (5'8Y) 44D DL A1°(05) 343 "LIEL/8Z EL3%ON/NS 8zvljNL SE3B0S/4S 2
13~°(0012) 389 "3158L /81 ZIILIS/4S 6 13< ‘e0$0/82 (1) 603BON/NS "¢ {o11) 349 "3EZLL/E0 LEMELS/AS
SZLL/EZ 8LMIOS/4S 8£0Z/31 EEIBON/4S ('EL) JUD ‘TYLL/ED ZYMELS/NS
0580/2Z 8SMIOS/4S v161/91 9EILON/4S 23°1260/€0 (A) BEMBLS/NS 1
310N
{€1) 174 g g z 5 o z 9
z1 o0 o o ] ] o 0 51
11 0/o 0 o 9 z ] L] vl
{o1} /% 0 0 o ! a 0 &l
{s) in 8 o 1 i 0 14 r4}
® 8/8 0 o 0 ] 0 § £
i) iy o o v £ ! ¥ ol
(s} ie ! 0 £ 4 ! 5 6
{s) 174 l 0 z 4 A L 8
1)) o/e 0 G 0 1 i 6 L
(e} on 0 0 z 0 0 1 3
@ o/8 0 0 ] 0 0 4 §
) 02 0 0 i ¥ [4 st 14
S3LI0N £ MOGNIAEI MOCNIMNI MOGNIMNI  MOCRIMKI SIYYIS MOGNIANI "ON 1N3A3
SNOILVIJOSSY SAISdAL ON SIH3JAL'ON SINIAIAVH-X'ON SdJ¥9°ON GILVIONNY 'ON S3HV14 ON

“ON 378iSS04

(9 4NCYDENS) SKOONTA ANOTD HNRINA VEIVA XIVIWIAS ALIALLOV ¥VIOS VS FI9V.L



ORIGINAL PAGE IS
OF POOR QUALITY

7/4 (] 0 & g v 74 (0081)01~20  (008L)60-20  8LGl 8l
o/o ] @ 8 0 i} (] {cost) Lz-1t  (o08L)92-11  9L6l 5t
o0 g 0 0 ! 0 0 (©0L0) b1-¥0  (00Z0)EL~+0  SLGL vl
o/o [} (] ] ] 0 1 {0aoo) sz-c0  {o00D)ZZ-€0  SIGL £l
o/o 0 0 1 8 0 1] (0080)S1-10 (008D} ¥1-10 L6l r]
ot 8 1 0 8 ] 2l (0ozz)81-L0  (00Z2) L1-10 L6l 1
o 0 0 (] e £ st {0080)Zz-50  (0080)12-90 L6l ot
iy 0 0 v Y 1 vz {0B1Zivz-£0  (0012}€Z-€0  E£L61 &
a ] (] 1 £ 1 11 (oot} tz-20 (eOpL)€2Z-20  E£L61 8
Uy z z ¥ v z Y] (0ggz) 1i-10  (00E2)0l-10  EL6L L
o ] 0 0 b 1 6 (00s0) Zo0-z0  {00SO) Lo—20  ZLGl g
0/8 0 0 0 L 1 L (60s1) 80-10  (00SL)L0-10  ZL6E g
e o 0 1 8 0 62 (00s0) 05-£0  (0080) 6Z-€0  LLGL v
£EZ< MOONIM  MOONIM SIUVI4 MOCNIM an3 NID38  HY3A “ON
SKOLLVI20SSY NI N Nl NIS4HD G3LVLONNY NI MOGHIM
‘ONJISS04 SAITAL SUIJAL  SINIAZ 0N ON  S3HV14 1NIA3-3Hd
‘ON "ON AVH "GN
~X ‘ON

(€ dn0¥HENS) SAONIAd TOYLNOD GILOFTAS ONRNNA VIVA AYVIINAS ALIAILDV MVIOS "9S 919VL

10



ORIGINAL PAGE I8
CF POOR QUALITY

031SITSILANIN 40 HITWNN IHL TV.LOL MOTNIM FHL NIHEHIM SIIVLIN0 INIAHISE0,

SHNOH NI NGILYHNT MOTNIM,
SHNOH NI (L1) IWIL T13AVHL,
15 WA NI ALIDOTIA,
SHNOK NI IWLL,
(LN) IWIL TYSHIAING NI FWLL,
) NI SY SI INIHITWNN,
8 62 £l {0oz0) 1110 (oogL)ol-10  90EL  SIE GEE gof 8p 00zt 8L-51-10 91
g 85 13 (oot1) Z2-50 (00g0) 12-60 ©EI}  6WE  tOb  v62 0e goiz £1-92-60 st
0 3 8t {6051) 1£-50 (00EZ)0E-50 2511 O9E  bBE  9EE 1z 00g0 106080 21
8 o 44 {oost) 21—11 (ooo2) L1113 ZEHL 8%  HOF  IEE 62 0000 SL-L1-1 £l
0 o I3} (00g2) L2-L0 (0090} ZZ—-26 1601  2Z8E iy eS¢ 1z 03g0 62-10-80 zL
0 g Il (6a£2) 1250 {0090) 1250 066 Idy 9sy  98c 1 Gort §1-62-50 1
] 0 £l {0020) 2111 {oo8t)9i~11 SO LiE 86E  G&SE 141 00S1 g ¥y 8 o
¥ Fisd 1 {a0zt) 2260 {0650) 1260 666 ay 18y 26e (i1 0008 £4-92-50 6
0 0 61 {oail) €211 (0081} 2211 66 ey Y 58S 8t 0008 Lz 8
i 14} 12 {00zZ0) €i-¥0 (easGiZi—-¥0 1621 EEE  19E  tOE i ooz rdR A% 1 L
651 O X3 {0691) £2—-£0 {ooeo) €z-g0 9200  9OF  ZEy  08E 74 0oLl LLTED ]
oL o £l {00se) £1—-20 jooLl)zl-zo0 6108 6OV SEb  £BE 6¢ 0090 2L-L-zo [
¥ 0 0l {00st) 8190 {0050)81-80 ¥'¥ZL  SEE  6bE  tZE 0s ooyl 18290 7
polavd ®H NJLLVHNQ an3 NI93d 11 9AVs XVWA Nikp NOILYHNGO IWILNIO3IE  3INIHHN2J0 ON IN3AZ
MOONIM MOOGNIMIN3AZ MOGNIM IN3IAZ , 39VSSVd an01d 30YSSYd GNO13 ano1a 40 3Lva
© B 1)) ® {n) {p) {p) () @ - {2)

(2 4dNOYDLNS) VIVA ATVIWINAS SHWD HLIM ALVIO0SSY SANOTI DILANOVI "9 T1dV.L

11



30260/2Z 9IMSLN/NS

13 °6<95Z0/11 LEMGLN/4S 5£50/¢2 093EIN/4L 9 {652) 449 ‘S0bL/ET (H) BIMGON/4S
11 °202Z/0L LZMSEN/NL "E1 13°(09) 449 ‘¥SL0/E2 YSMSIS/NS 13°eE21/82 (H) 6030LN/NS
{05) 349 'GZL9/TZ BEMLLN/NL LW D0Z0/EZ () E1ML0S/8S 29 '0Z01/€Z 9EMLLS/8S
(E£) 38D 'SEZL/1Z O5MSLN/IE 53 “'€2) 449 ‘1161/22 (N) OLALOS/ES {191) 348 ‘0V50/$2 YSMPLN/NS
(£) 349 “NLL/NZ LSMLLNINS TL 8°03 ‘(%) 48D "EES1/ZZ SOMLOS/NS 5 13 ‘65¥0/E2 (H) SL3I00N/NS £
13 “¥011/LE (H) SEMZZN/NS L1 9S10/E1 ISMBIS/NS syiz/zl {0g) 449
9°10806/Z1 (n0ZZ) 449 01 Lzoz/el SLR1S/4s 0161721 (8) 34D
Al 'GISL/LZ (%) BLMEON/SS 6 XTI TATAE L S080~/12¢
SINIAI 03140434 ON 8 80£0/2! 103L0S/4S ¥ 60E0/EL 6YASES/4S
L091/31 £E3VIN/4S £2°9p51/52 (H) 8030LN/NS £402/21 £539ZN/4S T
000C/LL 1FIEON/SS L 20 '1051/82 LIMGON/3S 13 ‘(55) 345 ‘0090/31 9OMLBS/4S 'L

F18YNYAY YIVA AVE—X ON » ‘SILON

ORIGINAL PAGE IS
OF POOR QUALITY

{£1) ore o 1 t 1 g v 9L
{en) B/t 0 0 * ] 0 1z 1]
({1}] on 0 ] 1 1] i £ 17
{st) o/0 i 8 o ] 0 0 £l
{s) o/ I ] o ] i £ r4}
{8) o/o 1] o 0 0 0 0 i
{z) o/e e i} ] 0 ] H o
{9) on 0 0 ] i g 8 6
(s) £it 0 ] g g £ 4} 8
¥ 05 0 o 0 i} 8 8 L
{€) /L g 8 g z S I£ 9
(2 o/0 0 0 1 z g Z 5
{1 1z 0 8 £ i 1 6 ¥
S3LON £=<fe< MOCNIM NI MOGNIM NG MOONIM NI MOGN!M Ni S3EYL MOGNIMN! “ON INJA3
chﬂ.%_m_ammwm SA13JALON SHIJAL'DN SINIAIAYH-X'ON S3HI'ON O0OILVIONNV'ON S3IHVI4ON

(D d10¥HENS) SMOANIMA ANOTO DIFENA VIVA AIVIWINAS ALIALLOV ¥VIOS VL 419VL

12



ORIGINAL PAGE g
OF POOR QUALITY

13

us 0 0 8 8 i [4} (0o12) 1013 {ooie) te—2l LL61
15 1 ! 0 il 1] & (0081) 61—6a.  (0081) 8160 Ligl
o/o )] 0 0 0 [} € (0081) £2-50 {008t} 9250 LLGE
0/o 8 ] 8 8 o ] (sopz) 80—11  (0OOZ) LO-1L GL61
o/o 0 0 0 i € Li {cosg) v2—20  (0030) €210 56!
6/8 H ] 0 0 0 ] {0961} ¥1-56  (0061) £1—50 561
/0 ] 0 g ] [4 £ {oogi)el—-11  (oost)Zi—ti eLsl
o o 8 0 3 [4 2 (oozd) e1—-60  (00:0) ZL—60 EL6L
o/o ] 8 0 L] 8 2 (oot} 61—11  (009E) 81—i1 [44:13
0/0 e ] ] t } 6 (0050) 60—v0  (0050) 80—10 [41:33
o/e (V H g § [4 14} (00£0) 02—€0  (0DED)61~ED IL6i
0/0 0 L] [4 £ 1 51 (oozt) 60—2o  (00Z1) 8820 (443}
o/0 g g 0 a 0 ¥l (0020) 5180 {(0060) ¥1—90 1761
E€i< MOGHIM  MOGNIM  MOGNIN  MOONIM S34Y1d MOGNIM L E| NID38  HV3A
SNOiLVIJOSSY Ni i NI NIS.4H9 0O31VIONNY Ni MOQNIM
ON378iSS0d S.ATIJAL  SH3dAL SIN3AZ ‘ON ‘ON  S3HVIL 1NIA3I—-IHd
‘ON ‘ON AVH ‘ON
—X'GN

(D dNOYDINS) SAOTYHd TOYLNOD QIIDATIS ONTINA VIVA XAIVIWINAS ALIAILDV ¥VIOS "L HI19VL



clouds preceding interaction regions (Table SA) and associated with CME’s (Table 7A). For those diag-
nostic phenomena occurring singly, the correlative svents chosen and listed are flares and/or GRF and
X-ray events listed in the SGD. (Type II radio events were always associated with flares and type IV
events with flare/GRF events), There were three magnetic cloud events for which no candidate solar
event appears; in these cases, no occurrences of diagnostic phenomena were reported in the 5GD during
the appropriate intervals, (One should note that the listing of GRF ocecurrences is based solely on the
SGD record and that this record may be incomplete, For instance, though SGD reports hours of cover-
age for observatories which report type II and IV phenomena, the hours of coverage are not reported
for observatories which normally report GRF events,)

Examination of the A and B portions of the odd-numbered tables shows that typically there are
many proxy phenomena for each magnetic cloud, and almost equally many proxy phenomena during the
pre-cloud windows, when no near-Earth clouds were reported at the appropriate later times, Logically,
two explanations are allowed by this profusion of proxy phenomena in both cloud and pre-cloud
windows: (1) if indeed the selected, proxy phenomena indicate the existence of coronal mass ejections,
then there were mass ejections not only near the time of magnetic cloud emission from the Sun but also
at times when no magnetic cloud was reported; or (2) perhaps the selected solar phenomena are poor
proxies for the existence of coronal mass ejections,

An attempt was made to sort out these possibilities by examining clouds of subgroup (a), those
following interplanetary shocks, If the interplanetary shocks initiated by dynamical processes in the solar
wind are ignored, then it is expected that interplanetary shocks are typically the gutwardly propagating
remnants of solar coronal shocks, Meter-wave type II bursts are diagnostic of coronal shocks [6], and
the shocks may be traced from the corona into the interplanetary medium by observing at lower and
lower frequencies as the shocks propagaie into regions of ever-decreasing density [41]. Meter-wave type
IT bursts are also diagnostic of the occurrence of coronal mass ejections [33], Thus, it can be expected
that meter-wave type II bursts are the proxy solar phenomenon which should serve as the linchpin in
establishing a connection between the clouds of subgroup (a) and coronal mass ejections.

When looking at Tables 3A and 3B, it is found that type II radio bursts occurred in six of the
nine cloud windows and occurred in three of the nine pre-cloud windows. Checking the central meridian
distance of the flares and sub-flares (approximately equal numbers) from which these radio bursts pre-
sumably originated, it is found that the radio bursts in the six cloud windows all occurred within 49 deg
of central meridian, while the radio bursts occurring during the pre-cloud windows were located farther
than 63 deg from central meridian, Surprisingly, all six of the radio bursts associated with clouds
occurred in the eastern hemisphere, To restate, of the nine magnetic clouds following interplanetary
shocks, six had type II radio bursts within 49 deg of central meridian in the temporal window during
which the magnetic cloud was emitted from the Sun. In contrast, not one of the nine pre-cloud windows
had a meter-wave type II burst within 63 deg of central meridian passage.

These findings are entirely consistent with and support the idea that fast coronal mass ejections,
expelled nearly radially from the Sun and accompanied by coronal shocks, propagated through the
interplanetary medium to become the magnetic clouds detected at 1 AU and reported as subgroup (a)
events, '

The choice of the “right” proxy solar phenomenon or phenomena for the 26 magnetic clouds of
subgroups (b) and (c) is not so obvious. The meter-wave type II bursts which were so dramatically corre-
lated with the clouds following shocks are not expected to correlate well with the clouds of subgroups
(b) and (c) which are without shocks. This expectation is proven by the data: type Ils occusred in
only one of these 26 ¢loud windows and in only three of the corresponding 26 pre-cloud windows, None
of these four radio bursts for the (b) and () subgroups can be associated with flares or sub-flares within
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47 deg of central meridian; since all the radio burst event- associated with subgroup {a) clouds occurred
within 49 deg of central meridian, it is not surprising that clouds were not associated with these four
radio bursts,

Motivated by the proven association between coronal mass ejections and gradual-rise-and-fall
radio and LDE soft X-ray events [16, 26, 27) and the belief that long-duration X-ray events tend to be
associated with long-duration H-alpha events {42, 43, 44], H-alpha duration and central meridian distance
were examined for each of the flares occurring during each of the cloud and pre-cloud windows. For
subgroup (a), long-duration H-alpha flares occurring during the cloud (pre-cloud) windows were clustered
around (away from) central meridian, However, no such pattern emerged for subgroups (b) and (c).
Combining the three cloud subgroups together, no indication was found that long-duration H-alpha flares
were more prevalent near central meridian during cloud windows than during pre-cloud windows. Thus,
even when coupled with longitude of occurrence, H-alpha duration of flares is not a good proxy phenom-
enon with which to correlate the existence of interplanetary magnetic clouds, and other proxy
phenomena do not suggest themselves, Despite this situation, it is believed that the longitudinal distribu-
tions of the sites of cloud-associated and non-cloud-associated type II radio bursts will yield information
on the size and directionality of emission of the clouds. In the non-association between solar events and
observed magnetic clouds, and in the tendency for subgroup (b) and (c) clouds to be slower, it is
believed there are further clues regarding the connection between coronal mass ¢je¢ctions and magnetic
clouds, These matters will be pursued in a subsequent paper, Also, the association between magnetic
clouds and X-ray LDEs is being investigated,

CONCLUSIONS

The most satisfying outcome of the present study would be to find that each magnetic cloud had
a single candidate solar event which indicated that a single coronal mass ejection occurred on the Sun in
the right place and. at the right time to become the observed interplanetary magnetic cloud, and that no
such candidate evént occurred when no cloud was reported. In the near one-to-one association between
meter-wave, solar, type II radio bursts and magnetic clouds following interplanetary shocks this satisfying
outcome was found, For six of nine such magnetic clouds studied, there occurred a meter-wave type II
radio burst within 49 deg of central meridian in the temporal window during which the cloud was
emitted from the Sun. In the entire collection of 35 pre-cloud windows, during which no cloud was
expected to be emitted, no meter-wave type II radio bursts were found closer to central meridian than
E63 or W47, Thus, for clouds following shocks, meter-wave type II radio bursts occurring near central
meridian accompanied the emission of magnetic clouds, whatever the cloud’s near-Sun appearance.
Because meter-wave type II radio bursts are well associated with coronal mass ejections [33], they are
believed to be diagnostic of the emission of coronal mass ejections. Therefore, support is found for the
hypothesis that magnetic clouds are 1-AU manifestations of coronal mass ejections in the case of mag-
netic clouds following shocks.

For magnetic clouds preceding interaction regions subgroup (b) and clouds associated with cold
magnetic enhancements subgroup (c), it is less clear what proxy solar phenomena should be expected to
link clouds with coronal mass ejections, For these clouds, a rather large number of proxy solar events
were found around the times when the magnetic clouds were emitted toward Earth, but also nearly equal
numbers during selected control periods when clouds presumably were not emitted earthward. Thus,
these proxy events are of little value for diagnosing or predicting the existence of magnetic clouds. The
profusion of solar phenomena which are believed to give proxy indications of the existence of coronal
mass ejections is consistent with, but does not compel one to believe, the hypothesis that magnetic clouds
are | AU manifestations of coronal mass ejections,
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In summary, it has been shown that for the generally faster clouds following interplanetary
shocks, meter-wave type Il radio bursts give good evidence that coronal mass ejections occurred in the
righv places and times to become the magnetic clouds detected at 1 AU. Also noted was the one
reported case of a fast coronal mass ejection which was observed by Burlaga et al, [5] to leave the limb
of the Sun and at the appropriate later time (about 42 hr to travel 0.5 AU) to pass over the Helios
spacecraft as a magnetic cleud following a shock, Klein and Burlaga argue quite reasonably that all mag-
netic clouds are manifestations of the same phenomenon, Therefore, despite the lack of compelling evi-
dence for the clouds of subgroups (b) and (c), it is believed that coronal mass ejections, even slow ones,
do become interplanetary magnetic clouds,
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