The Solar Wind Solar and Stellar Winds Stellar Winds

« Evidence of episadic stellar masslossin theform of novaeor supernovaehas

+ Early evidencethat the sun might becontinuousy expeling plasma at ahigh : : ; ; been known sinceantiquity. But therealization that Sars could a5 havea

et omefran sbnaionsol heduaalsdomas - Stan Owocki, Bartol Research Institute, University of Delaware  emiisiainaetio reisi Taay iram swoq winthe i

* , s wind.

hasan orientation that istilted totheanti-sun (radial) direction by thecomet's B T B « Low-density, opticaly thi al dsfi solar-like, I .

own b motian ~ . b hesa win 1€ The Sun and other stars are commonly characterized by the radiation they emit. equence sar can only beinferral indi &ctly, 60, by X.12y obervations

« A second tail comesfrom cometary ionspi y thesolar wind. It smore - sl

radial orentation impliesthat ther adial outflow of thesdlar wind mus be But the past half-century has seen the discovery that the sun, and probably all stars, also o b torer o duringthe Red Giant phase of ascar-massstar, or

substantially faster than the comet’ sorbital speed - - . R from hot, luminous, hlghrgmass!grs'r the gelar \Enndsaeda\see\oug\ tobe
lose mass through an essential ly continuous, high-speed outflow or "wind". optically thick in spectral lines

Comet Hale Bopp

« Linesformed by scattering of thestellar radiation within theexpandingwind develop 4 . .
- a charadteristic shape-- aP-Cygni profile-- whosefeatures provide adiredt diagnastic =
3 of key wind parameters likethewind speed and mass|ossrate Observer o N
St
Dust tail 5 « For Red Giant stars such profiles suggest relatively siow speetls, 10-50kmis, but with ot e
masslossratesup tomillion timesthat of thesolar wind, i.e, ~ 108 Mjyr ;
- « But masive stars show the str ongest winds, with spesds sometimes exceeding 3000 | oo, e}
kmis and mass|oss ratesup to abillion timesthesolar wind, i.e ~105 Moy | ] _ enission
« Thisislarge enough that, during the course of their r dlatively brief (107 yr) Bue st
evdlutionary lifetime, such massive stars can be siripped of ther entire hydrogen s -

envelope, exposinga W alf-Rayet” star char acterized by stronglineemisson from ions
of nudear processed dlementslike Carbon, Nitrogen, and Oxygen.
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« For Red Giantsthewind driving mechanism isnot well understood, but may involve
acombination of steflar pulsation, Alfvén wave pr essure, o radiation pressure on dust

* The causeof thesdar wind isthe pressur e expansion of thevery hot (million

degreesKelvin) solar corona vav,, 1500 10
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« Thehigh temper ature causesthecoronato emit X ays

ol ade by orbiting X-ray thesolar coronahasahigh
degreeof spatial ructure organized by magnetic fields Within closed fidld
coronal loops, theseeffectively hold back the cor onal expansion. But along
radially oriented, open-field regionsthewind flowsrapidly outward, leadingtoa
relative reduction of the plasma density that appears asarelatively dark

" coronal hale'.
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« For hot, luminousstarsthedr iving isgenerally thought to sem
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so0 | o from radiation pressureadingthrough line scattering. The

w s Dopla diftof helineproffewthin heepandingwind
"' v effectively “sweeps out” thestar’s continuum momentum flux.
T . o | a5 el thedriving f0rceatunaion of hewind vladty
Aert 00 05 10 and acodler ation, leading tostrongindtahilitiesthat likely make
Schwindshighly tor b et
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; « The corona can also be dbsarved in whitelight from theground during a
1991 Solar Eclipse solar edlipse, or using " cor onagraphs’ with ogwlllngdlis%hal amflaallgy
edipsethebright slar disk.

« Such images show theclosed loops ar eextended outward intoradial
coronal streamersby thewind outfiow.

« Both X-ray and whitelight obser vationsshow that dosed-field loops tend
tg0aur nex theequator, whileopen-ield coronal hofes areusually near the
solar poles

< But theslay wind ismost direatly dbssrved in s by intarplandary

spacecraft with plasmainstrumentsto measur ethewind s
composition, ioni zation State, and theinter planetary magnamned (\MF)
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. P
Cygni linesformed in hot-star
winds also often show modul ation
at periodscomparabletothe
stellar rotation period

* Thesemay stem from lar ge-scale
surface gructurethat induces
spiral wind variation analogousto
solar Corotating Interaction
Regions

« The generally rapid rotation of
hot stars can also lead to focusing
of the outflow into an equatorial
*Wind Compr essed Disk"
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« Coordinated interplanetary and coronal observations have
demonstr ated that coronal holes arethe sour ce of wind streamswiith a
much higher speed (>700 km/s) than thetypical, slower (~400 km/s) wind

* Astirg totly far out o theedipiicplane theUlysses pacsraft has
measur ed steadly high-speed wind from polar coronal holes

« At high latitudestheIMF has
anearly uniform polarity set by
its cor onal source region.

« But near theedipticit can

repetedly suitch asthe
acecr aft or ossesa warped,

siral current sheet surface

« Thelarge massloss of
hot-star salso represents

asubstantial source of
energy and massintothe
interstellar medium.

« Indeed, inter stellar
nebulae near young star
dustersoften show dear
“wind-blown bubbles'
from themany hot,
massvestars

: Thegnerally lows-spesd dlipticplanewind also showsabr

tchesto high-spead dr camsthat originatefram o R aor anal

 Therdtation of thesun bringsabout acolision between these high-

exd sreamsalong ira Corolating Interaction Reglons
forming 2brupt shodk ISt esin plasma condliionsthat are
measralby paceralt, ftenvith A Tebeiion doseto the Sl
rotation peri

« In particularly dense
dusters these can even
codesceintolarge

" superbubbles'

Superbubblein the
# » LageMagdlanicCloud
’
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« The compression around such wind bubbles may play arolein
triggering further star formation, Some galaxieseven appear tobe
undergoing” starburst”, with integrated spectradominated by
young, massvestars

« Radiative driving processessimilar tothose occurring in hot-star

windsmay even bekey o undertanding broad-inecutflowisfram
Adtive GaadicNuoe and Quaser

« Thesolar wind interactswith theearth'smagnetogphere,
providing akey way that solar activity can induce goomagnetic
adtivity, and per haps even influence earth' sdimateand weather.

« Finally, thesolar wind blows aut a* heliopheric cavity” in the
looal ntefsllar mecium,. TheV/oyager spaceralt may reach the
o shock™ of this cavity within thenext couple decades
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