L-e'ssqns\for STEREO - I'ea'rn_ed from Helios

-

The Helios mission resembled the upcoming STEREO mission in several respects. Helios could reveal details
- about the longitudinal and latitudinal stream structure, it allowed unique associations between limb CMEs
‘and their r'adlal propagation towards an in=sifu observer, and the large-scale propagation of solar energetic

particles could also be studied.
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The orbits of the Helios 1&2 solar probes in 1976-:




The mission lasted 0 ‘
from Dec. 1974 to ——_— HC'IC.)S. 1&b2
March 86 [ e a stereo-mission, pbut ho

imagers on board !

A variety of stereo and radial line-up constellations!




So'IQr 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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With increasing solar
activity (in 1978), many
fransient events destroyed. .
'T’ii’i’? " TS -any regular solar wind
1975-1978 _ Mf* ' structure .
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La’ri’rudinql 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 radlal distance or Tlme|
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Lcn‘i’rudindl stream boundaries
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LaTiTudinql stream boundaries
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The difference AV in proton bulk speed measured by the two HELIOS probes
as a function of their separation in helwgraphw latitude Oe. Each point
represents an average over 1° in solar longitude. The crosses denote cases
with eorotation times of less than two days.




No corotating shock [ CIR with corotating shock

S0 f — — — —f -—--—--—-—-———-_l oo fF — — — — e e et

HELIOS 2| TP HELIOS 1 |sock T

M N L i I
wvs Vs ,‘..‘___r

T — st il ol B s = R s e e
3o0 i Joo

|
100 f =a— — = = = == = - - lm-———f":— —_—]— - - - | |
R s ,-/‘/1 PR N el Rk /
Np M 3 .,II ,w.,_.,\v-w“ ] B '_.:_.\ W ol £ S oA

10 p — =— =— — — u’\-\,\.__ﬁ__‘\?‘::d.: y 10 ,/‘:—':w:’:.

o 1
He 1
1 1
100 ————— =it i e o B |,0e ————— — e = | — — — - f
1 _-f;ci,s\_».-_«'.,;-.n.x-,__sid.._(_:‘. SRR Sl T
Tom 2 x ) M Tow : AVU"\-V"
105»—.“/*7--.1'4.-.-7 e 108 b~ — — o —. - - = 320

o G/ g T ’! RO ) . ==
eVl i I e

4 3
=== =) e g - 2 Eg—— -F - ---- 60 80
Cp o %ﬁﬁm—ﬂi Cp o T A e TR
EG.8 ~20 p == = — —o e el | e DEG:9 <20 f — = — — =i ) il | o M
2l===1 Ser crEr M s S Ecrall
0, o et P 0, o TFetowem= P00e.
o T i W M g T o el e OEC.8 <20 [ 7 -7 — = S e el i it
2.6 ' wad "l oed ' mes w0 T 2ms s =os 0 \.iéo
R(A.U.)= o0.780 o782 0.7 0,788 o.78@ o0.7® R(A.U.)= 82 o0.38 o0.085 0.887 o0.888 0.870
LAT% 0.2 -2 =62 =03 =03 0.2 WAT% 32 a2 21 21 s aa v 20
LoNG %= 28 3 9 128 .33 o wG%= m2 e 1es 147 1.4 8.0 e 1{,,,0 360
» ' 2 A . . /
@ @
20
e () 0 O
NNaG 0 0




HELIOS |
INTERFACE NEUBAUER

A CIR

observed by 6 S/C in November 1977

VOYAGER |
BRIDGE

Noie:

* the stream m’ret'face SIis
observed at all S/C,

He 2 is first to observe a
corotating shock,

the stream is gone at 1.6 AU, buT
the SI is still there, and

the corotating shock s still there.




A ’rmnsuem‘ shock seen from Hellos 1&2,
279 apart in longitude’ :

Helioéiorb.i‘rs in
1977
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Predecessors ’ro STEREO A/ B Heluos plus P78 1

The coronagr'aph on P 78-1
recorded:CMEs above the limb.
The plane:of-the-sky speed
(which equals the radial speed

220

SN for limb.CMEs) of several

, . e hundred CMEs was measured.
‘a""" 1980 )\2ss :
\ 75 *%:»Ef :

S 198 faso

The Helios probes happened to
pemo travel above the limb for long

> 535\ I982 ees time periods and
e in-situ the arrival of ICMEs.

For 49 evenis in 1979 10 1982

a unique association between
Schwenn, 1983, |[Sheeley et al., 1985 _ CMEs seen at the sun and

TICMEs observed /n-situ (within
+/- 300 of the sky plane) could -
‘be found and the travel +ime
be defermined. .

EARTH

‘Orbit of Helios 1 with respect
to the Sun-Earth line



S’rereo vuews resoived ’rhe flar'e CME con’rr'oversy

Results from correla‘rlons be’rween CMEs
and interplanetary shocks:
an observer within the angular span
of a fast (>400 km/s) CME hasa
100% chance to be hit by a fast
shock'wave,
every shock (except at €IRs) can be
firaced back fo a fast CME.

: %Q | Sheeley et al., 1985 4
2 —

X
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 sbace weather forecasting: -
How ’ro measur'e the CME's speed componenT Ve along
| The LOS9

Tl

' OnOctober 28, 2003, in
~__conjunction with-a X13 flare,
. there occurred a gigantic halo

CME .

. ._ i ..- |
By the way: 8 hours earliera -
little comet had evaporated!

* Coineidence?

Note: in 10 years mission time,
SOHO has seen more than
i A 1000 little comets and some © °
 Zo03/10y27 Gsse. P i O L -+~ 10000 CMEs...
Even if we could measure V., hear the Sun, we are still in ’rr'ouble
That's what we Iearned from Helios S




Urii.que radial spé‘ed measurements of Iimb'CME’s
(SOLWIND) and associated ICMEs (Helios) ’

Note the substantial scatter! Reasons:
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




Shdck fronts may extend far around fhe Sun
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Sho'ckk fronts may extend far around fhe Sun
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Mul’r_ip'o:in’r study of shock p-ro'paga“rionahd extent

NOV 21, 1977

0600 UT
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Burlaga et al., 1978, 1980

These studies showed

VOYAGER a lot of surprisesl!
e




Shock fronts may extend far around ’rhe Sun

STOSSWELLENSYSTEM
24 NOV. 1977 0611 UT
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HELIOS 1 \1 Burlaga et al., 1978
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The shocks Al and A2 seen by He 2 merged, =~
and at Earth and at the Voyager's one smgle shock arrived. ,@



STer_'e'b:-corisTellaTrion at the éven’ré in Mar_'ch 1976
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Mul‘rupom’r study of par‘rlcle propaga’rlon

X1/1B flar'e at
- S07 E28
on 76:88
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4-13 MeV PROTONS
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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
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The Helios plasma data are available, on line,
Thanks to Peter Schroeder, SSL Berkeley! :
http: //sprq ssl. berkeley edu/thln/lmpacT/HehosDa’ra pl



http://sprg.ssl.berkeley.edu/htbin/impact/HeliosData.pl

