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SOLAR WIND

}f* Parker 1958 — solar wind model L

s above a reference height, raclia“y directed

solar wind tota”g controls the magnetic field

o determine this reference heiglﬁt to

quantitati\/ely model backg,round IMF and

solar wind spee&
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~ SOLAR WIND ORIGIN

Fast wm& corona| holes open magnetlc lchICl reglon

f(> 450 |<m/s)

Slow near streamers — closed magnetic feld

(< 450 km/s)
Y. M. Wangé» R Sheeleg) 1990s

All the solar wind originate from coronal holes (@

| fast wind — center

slow wind — near the boundaries
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SOLAR WIND ORIGIN

solar wind speed « 1/fte'

 fte — flux tube expansion factor — between
w photosphere and source surface;

Rphot; Rss — radii of photosphere & source surface

Br(phot); Br(ss) — magnetic field

P et e e ot S e SR O . e S e

Baléml;g uval ‘ Bbulclef Solar Dag m]‘% Mérch 2016 |




' WHY CORONAL MODELS?

+ Direct observations ot coronal

{ magnetic field — cha”enging and

|
{
}

f IlmltCCl (e. g. using CoOMF: Dove et ak ApJ, /31, 2015

Bak-Steslicka et al. APJL e ZOD)

0 Models that extrapolate observed
Photospherlc magnetlc ﬁelcl into tlﬂe

|
COlronga ancl IDCﬂOﬂCl
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®  Two MODELS &

Potentlal Field Source Surface (PFSS) mocic—:l
Schatten et al., 1969; Altschuler & Newkirk, 1969

coronal magnetlc ﬁelcl ~ comautecl From scalar
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Potential obeging | aPlace’s law
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j , Current Sheet Source Surface (CSSS) moclcl
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(oo MO TR

BOGDAN & LOW 1986 obtained solution to

magnetostatic equilibrium — electric currents ﬂowing

.

sy sl s

Perpenciicuiar to gravitg (1/r2) evergwiqere
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where, (i is the magnetic permeability, n(r) = 1 + (a/r)?
and ¢(r, 0, ¢) is a scalar function determined by the bound-
ary conditions at the photosphere and corona (Zhao and
Hoeksema, 1995).
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B CSSSMODEL

USH"I S herlcal harmonlc expansion
S =

ancl source surface techmque

|
|

Zhao & Hoeksema (UGR, 100, 99, 1995)
clevelopecl CSSS model

'i
includes - volume & sheet currents

= SOl CC SUf’FaCC
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Source Surface r=Rss
n — —

N,
o= Eo z RY(r) Py (cos 0)(g2,, cos mp+h?, sin me) e

Cusp Surface r=Rcp

(3) / y /Solar Surface N
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3= 30 30 RIP (cos)(gim cosmd-+ i sinme)

n=0m=0

Bg(Rss, 055, ss) = By(Ras, Oss, bss) = 0




SOLAR WIND PREDICTION!

s used C55S and PFSS models to
coml:)ute i

o usecl the speed "Rl relatlonshlp
; O{: Wang & Sheeleg to Prechct

 solar wind speecl
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DATA ;

- - g e tiin Sl MR it " o Ol L s i

-j adg averagecl solar wind data 1996~7_OIQ

' } solar cgcles 2 o ;
? | |
- Pho‘cospherlc synoptic maps
-
i SOHO/MDI 1" lat-lon |

- {MD] data not available outside of this Periocl

“ £
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| METHOD~StCP l |
]
o
1 Step 1: map observed solar wind back to corona

o Qo= gpt+— & Oo= O ,
{ Vr |
| o, @o-latitude & longitude at source surface
. Ug, @r - at a distance R from Sun
; * () — angular rotation of the Sun

- Vi —the solar wind velocity at R — we used the
daily averaged value |
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METHOD~StcPs 2-4

| SteP s map corona ocatlon' bac to P otosP cic along ‘
| FPen field lines usmg CSSS & PFSS models

= Step 50 comPute FTE at each solar wind source location ;

{
iSteP 5 Precllctecl solar wind sl:)eecl usmg WS relatlonshlp

|
: i Speed FTE _
| > 750 <45

| 650 — 750 45— 8

‘ 550 — 650 8 0

| 450 — 550 o0 :

<ol =20

~ Boulder Solar D89 e o 575 March—ZO% Ss

> Ej)_'ala Poduval



T e ST

QUADRATIC FUNCTION
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SOLAR WIND PREDICTION!

o the quadratic function is used for
| %

all the subsequent solar wind

speecl Predictions

o usecl the same Functnonal Form

‘ B ihras andcass moclels
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Evaluate Pemcormances of PFSS ancl CSSS models% :
Root Mean Square Error (RMSE ‘
between observed and Preclictecl speecls

3

| FliSE o = RMSE.c. - RME.

i

?‘.
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RMSE RATIO (PFSS/CSSS)
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RMSE RATIO (PFSS/CSSS)
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RMSE | mcreases as solar

. CHCIC Drogresses ~—~> £

- le{;ficultg mode ling .

COﬂ‘IPIéX magnetlc 'IClCl

(2) Opt!mlzatlon of Fﬁee

Parameters ;

5

- Ree =15 Rsun or closé}r?_

r‘,

RCP 2 5 Rsun? ‘

g Helght of cusp \/ar:es

. over wide range (see e 2

Cranmer et al. ZOO7
Z.hao & Hoeksema, 19'953
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RMSE RATIO (PFSS/CSSS)
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T RMSE RATIO (PFSS/CSSS)
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CRs: 20732076
<ws ca = 304.6

fi bb = -955.3
X lted cc = 1085.
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CONCLUDING REMARKS

| lnvestlgatlon of the contro”mg

i

lmquence omc magnetlc ﬁelcl on 4
solar Wmcl outﬂow "

QFTE‘. Br(Pho) /PBriss) ik Rss)z
3]5’”('3]’10) R PI”OtOSPlﬂlCrlC magﬂetlc ﬁCIA é’ raCllUS ‘-

3]5:*(55) Rss: source surface magnetic field & radius

% Solar Dag‘ o = s Mar;h”2016 |



CONCLUDING REMARKS

}~solar cgcle variation - quaclratic term in the best fit to speed»-«f:TE"

§~near|9 clisappearing cluring certain solar rotations,

s

- giving rise to an almost linear fit - |

|
i
'
!
‘i

_this variation is signi‘;’cant in CSSS mode
| ~near|9 neg lglble in PESS modiel
'j {
!
3

ffHow this information can be used to deduce the influence of

|

;fmagnetic field on solar wind outflow is being investigated Further.f

¢
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CONCLUDING REMARKS

Solar Orbiter & Solar Probe Plus
Provicle information on coronal
conditions within 40 R, — CSSS
Predictions will be useful in

intcrpreting the results ...




