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The Helios 1&2 solar probe mission
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Helios 1&2
a stereo-mission!

———HELIOS1 ——— HELIOS 2
Orbits in 1977




‘Solar wind stream structure 1974 to 1978
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The solar wind stream
structure, observed by the
Helios 1&2 and IMP spacecraft

from activity migimum-in<
1975/76 onward.
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Laﬁfudiha_l stream boundaries
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The line-up between Helios 1 and Helios 2 in 1976,
and the succeeding_ diver'gence- in latitfude -

Tt is The latitude that makes s‘rream structures dlffer
rather than mdlal distance or Tume'
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Latitudinal _'sfream boundaries
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ECLIPTIC PLANE Burlaga et al., 1978
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Fig. 10. A sketch illustrating how it is possible to observe a shock and corotating pressure wave without seeing a stream
which may be present at latitudes above the observer, who is assumed to be in or near the ecliptic plane.




_The mTerpIaneTar'y magne'rlc sector boundar'y
reconsTruc’red from Helios 142 observations in 1976

The latitudinal scale is
magnified by a factor of 10!

Villante et al., 1982

ONE SOLAR ROTATION ———

!

~ The.current sheet topology was compuled from normal de‘rer'mma‘rlons a‘r
~ various crossings and from in-situ observations.
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HELIOS |
INTERFACE NEUBAUER

A CIR
observed by 6 S/C in November 1977

INo_Te: _
VOYAGER | « the stream inTer‘fa_ce SI is
gt *_observed at.all S/C,

He 2 is first to observe a
corotating shock,

the stream is gone ei—l-é-Au—b‘-
the SI is still there, and _

the corotating shock is still there.
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A 1'r'an5|en1' shock seen fr'om Hellos 1&2
278 apar"r in longitude’

Helioéiorb.i‘rs in
1977




A fransuen'l' shock seen fr'om Hellos 1&2
278 apar"r in longitude o
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| Eje_cfted plasma clouds ahd'sh_ocks in space

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 90, NO. Al, PAGES 163-175, JANUARY 1, 1985

Coronal Mass Ejections and Interplanetary Shocks

N. R. SHEELEY, JR., R. A. HOwWARD, M. J. KOoOMEN,! AND D. J. MICHELS

E. O. Hulburt Center for Space Research, Naval Research Laboratory, Washington, D. C.

R. SCHWENN, K. H. MUHLHAUSER, AND H. ROSENBAUER
Max-Planck-Institut fiur Aeronomie, Katlenburg-Lindau, Federal Republic of Germany

A comparison between Solwind observations of coronal mass ejections (CME’s) and Helios 1 observa-
tions of interplanetary shocks during 1979-1982 indicates that 72% of the shocks were associated with
large, low-latitude mass ejections on the nearby limb. Most of the associated CME’s had speeds in excess
of 500 km/s, but some of them had speeds in the range 200-400 km/s. An additional 26% of the shocks
may have been associated with CME’s, but we were less confident of these associations because the sizes
and locations of the CME’s did not seem appreciably different from those of the numerous CME’s
without Helios shocks. Only 2% of the shocks clearly lacked CME’s. As the average level of sunspot
activity declined during 1982, the shock frequency also declined, but the observed shocks and some of
their associated CME’s had unusually high speeds well in excess of 1000 km/s.




Umque radial speed measuremen'rs of Ilmb CMEs
| and assocuated ICMEs

The coronagraph on P 78-1
recorded CMEs above the limb.
The plane-of-the-sky speed |
- dWwhich equals*the radial speed for

zzo limb CMEs) of several hundred
e - CMEs was measured.
hzas
rod 1981 ?w < The Helios probes happened g
m‘tﬁ g | b travel above the limb-fler-fong Ti ﬁ'
19803 " e "“"“e;' periods and could observe /n-situ
66 . L AN - zos\, 1932 $ees

’rhe arrival of ICMEs.

: _351‘5235

For 49 events in 1979 t0' 1982 a
unique association between CMEs -
seen at the-sunand ICMEs.
observed /n-situ (within +/- 300 of
— ' | the sky plane) could be fourid and
Orbit of Helios 1 withrespect . the travel time be determined.

to the Sun-Earth line - | S

EARTH



Stereo views resolved the flar;e—CME cdnfroVersy

Results from correlations between CMEs

and interplanetary shocks:

an observer within the angular span

of a fast (>400 km/s) CME has a

100% chance to be hit by a fast

shock wave,

eveny shock (except at CIRS) can be
raced back to a fast CME.

Sheeley et al., 1985
& .

These shocks and the driver gases following them have anear 100%
chance of becoming geo- effec’rn,g if ejected towards Earth.

%

Indeed: there are flares without CMEs (and geo-effects)
and there are CMEs (and geo-effects) without flares.”




The key problem in sf:ace weather forecasting:.
How to measure the CME's speed componem‘ Viia
~ | along The LOS?

g i

R k|  On October 28, 2003, in
- conjunction with-a X13 flare,
. there occurred a gigantic halo

CME .

By the way: 8 hour#®®eart iera I
little comet had evaporated
: Coingidence?

Note: in 9 years mission time,
SOHO has seen more than 800
. little comets and some 8000 , .
. ' 2, 1 % CMEs..
2003/10/9_? 05:54 e - =
Even if we could measure de near the Sun, we are still in ’rrouble
That's what we Iearned from Helios -




Unique r&dial spéed feasurements of I'imrb -CMEs
(SOLWIND) and associated ICMEs (Helios)

Note the substantial scatter!
From Helios /n situ - CME speeds may hot have been

: measured sufficiently well,

- Helios was not always hit by the fastest
parts of ICMEs,

- Ejecta travel times do not equal shock
travel times,

+ ICMEs travel through different ambient
solar wind. ¢
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++ The travel time of ICME driven shock fronts from the Sun to the.
location of Helios 1 vs the CME radial speed Vo




Shock fronts may extend far ar'ound_The_ Sun
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Shock fronts may extend far ar'ound_The_ Sun
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 85, NO. A5, PAGES 2227-2242, MAY 1, 1980

An early STEREO/Sentinel study

Interplanetary Particles and Fields, November 22 to December 6, 1977:
Helios, Voyager, and Imp Observations Between 0.6 and 1.6 AU

L. BURLAGA,' R. LEPPING,' R. WEBER,'! T. ARMSTRONG,> C. GOODRICH,? J. SULLIVAN,> D. GURNETT,*
P. KELLOGG,® E. KEPPLER,* F. MARIANI,’ F. NEUBAUER,® H. ROSENBAUER,” AND R. SCHWENN’

In the period November 22 to December 6, 1977, three types of interplanetary flows were observed: a
corotating stream, a flare-associated shock wave, and a shock wave driven by ejecta. Helios 2, Imp 7, 8,
and Voyager |, 2 were nearly radially aligned at =0.6, 1, and 1.6 AU, respectively, while Helios 1 was at
=~0.6 AU and 35° east of Helios 2. The instruments on these spacecraft provided an exceptionally com-
plete description of the particles and fields associated with the three flows and corresponding solar events.
Analysis of these data revealed the following results. (1) A corotating stream associated with a coronal
hole was observed at 0.6 and | AU, but not at 1.6 AU. The stream interface corotated and persisted with
little change in structure even though the stream disappeared. A forward shock was observed ahead of
the interface and moved from Helios 2 at 0.6 AU to Voyager 1, 2 and 1.6 AU; although the shock was
ahead of a corotating stream and interface, the shock was not corotating, because it was not seen at
Helios 1, probably because tlie corotating stream was not stationary. (2) An exceptionally intense type III
burst was observed in association w1th a 2B flare of November 22. The exciter of this burst (a beam of

: ' esumably caused by the electron beam) were observed by

B association with the November 22 flare. This shock

, and they coalesced to form a single shock that was

jecta was studied. In the ejecta the density and tem-

e intensity was relatively high. This region was pre-

magnetic field intensity dropped appreciably. The

d, but locally, there were fluctuations in speed and

) Three types of electrostatic waves were observed at

ave profiles differed greatly among the shocks, even

trong dependence on local conditions. However, the

at 1.6 AU. (6) Energetic (50-200 keV) protons were

ons of the fluxes varied by a factor of 12 over longi-

gher, and the durations were lower, at 1.6 than at 0.6

50 keV) protons from the November 22 flare were

elios 1 observed no change in intensity when the in-

_ : _ : articles were injected and moved uniformly on both

; T ; : in flux not seen by Helios 1, reaching maximum at

¥ s g f ity dropped abruptly when the interface moved past
1997’, 1 :“ 05.90'1 8 § Helios 2 did not penetrate the interface.




Multi.poinf' study of shock propagation and extent

NOV 21, 1977

0600 UT
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Burlaga et al., 1978

These studies showed

VOYAGER a lot of surprises!
e




Multi.poin'r‘ study of shock propagation and extent

STOSSWELLENSYSTEM
24 NOV. 1977 0611 UT
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6. NOV. 1877, 0140 UT
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The shocks Al and A2 seen by He 2 merged, TS
and at Earth and at the Voyager's one smgle shock arrived. f’?@@.



Multi.poin'r‘ study of shock propagation and extent

STOSSWELLENSYSTEM
24 NOV. 1977 0611 UT

VOYAGERS UND
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6. NOV. 1877, 0140 UT
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Burlaga et al., 1978

The shocks Al and A2 seen by He 2 merged, TS
and at Earth and at the Voyager's one smgle shock arrived. f’?@@.




STeréok-conﬁs‘rella'rion at the events in late Marc'h! 1976
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Rela’ruvus‘rlc solar electrons made it to He 1, some 900 west of The flar'e site,

bu‘r nho pro’ronsI




Pr'eparmg for STEREO - rewsu’r Hellos

Since. Hellos we have learned a lot about:

- 3D=stream structure, CIRs, particle acceleration,
+ CMEs, TCMEs;, shocks, and their propagation,
- Solar energetic particles 1

The data are still"available!
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