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Accurate background solar wind simulations Recent and future advances
e Physics-based solar wind modeling, from the solar surface to the heliosphere e Combine different input magnetogram sources, provide forecasts at different s/c positions
* Much faster than full 3D MHD models, more physics than empirical methods  Flexible setup (full 3D, plane-of-sky, ecliptic, s/c orbit)

» Data-driven, full set of background wind properties (speed, density, temperature, mag. field) » Applications to Parker Solar Probe and Solar Orbiter
 The pipeline couples mature research models and provides several synthetic diagnostics * TIme-dependent (impulsive) phenomena, kinetic fluid solar wind model
(white-light and EUV imaging, in-situ time-series) and comparison to observations and « Web-based front-end available soon!

spacecraft measurements.

SWIFT / MULTI-VP Data-driven solar wind model

1. SWIFT pipeline, using MULTI-VP wind model 2. Solar wind formation (corona) 3. Heliospheric propagation
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Heliospheric propagation, individual 1D propagation paths

. check for correct positions of streamer rays, etc. NS -NN

. sensitivity to errors in the extrapolated field .
propagationtool.cdpp.eu
(propagation method from Tao et al, 2005)

and on the heating model used

Forward propagation from output of MULTI-VP
(arbitrary radial paths, any latitude or longitude)

(Pinto, Rouillard, ApJ 2017)

Multiple time-series, at different orbital positions,
rotation + background field evolution
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Parker Solar Probe - solar wind context

Transient heating, density structures in the corona

MULTI-VP extended to 90 R Wind density in the low corona (with different input magnetograms) ; ohili : Setup random impulsive heating events in the whole Sun
sun ty Addmg variability to the baCkgmund solar wind (coherent with coronal bright point statistics, e,g Alipour & Safari 2015)
WSO CR2210 ey AN T L . Solar wind density is highly structured in the low corona Relative density fluctuat +
i _li + elative density fluctuations
strong radial (ray-like) structure (MULTI-VP; limb + 15 deg fore/background; 1 - 30R_ )
continued flow of intermittent compact structures of different sizes
. Many possible sources of intermittency [
reconnection, jets, coronal bright points, waves, turbulence, ...
response of the wind / propagation dependent on background conditions [ . 4
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i N = — et Synthetic white-light images
PSP 1* perihelium 2018/11/08 12:00:00 UT / CR 2210 Response to a single impulsive heating event at the bottom of the corona mean tg=24h Base difference: t, ,-mean

I

%
S|

[\]
N

[R]
Brightness fluctuation (x107°B.R?)

latitude
latitude

—_

o

Solar Y (R.)
Solar Y (R.)

(=]
-t

Distance from Sun cent

Total brightness (x10 '°B.R?)

N

Density variation [%] Density variation |

-4

e h@‘ ™ A qJ’L‘_‘ Right : density fluctuations as a function of time at varying heighs. 0

4

|3
10 15
(Rs)

: T . ™ o - : , MULTI-VP; single magnetic fluxtube
T TR e - L e b V [km/s] CR2210 10.00 Ry, n[cm®] CR2210 R=10.00 R, ( » SINg g ) .
1 ” : o L. : . = o B ) . F = — 5 3 ; S 650. WSO CR2210 9.25e+03 ‘ — ‘
T B : e e 1 2 ¢ s & ! e | VYS_OR221O " 30 : 5 a0 — LIS Rs| — 133 Rs : 10
. s . : st | e ; L wm Co . 2L 2 ; 50~ T ! - 550. +100%
n b, " 1 2 o : ) e I - 0 ° 70
4 ; - S E ‘ G e RIS e . = - i g b . " s 032008 e 5 50%
A e e T o . o Eay _ = ' | o . & = 450, =2 - - .__HI'IF g G - 5
L . ) L . e - o L e TN 3 f o — - ] X 720 =
o . A il _ o o R : | | 3.39¢+03 = +60% ()%J\/‘ . * ] g
. _ s Ch F % " - 50 = | 350. - . i
0 R BT ST R gl B ] ° i +40% = 100% LR End T : 0
s - . o | Ea e o B [ ] ; e L 250, 4.620+02 8 g 50
: B A ; s B E s SR 0 100 200 300 0 100 200 300 : | +20% B 50% :
BT |- : S i g T T longitude longitude A - - -5
RN RS G N g o 2 403
. S : 5 2 " ' R N S . g N s : . 3 = %
V [km/s] CRO000 10.00 R, nfcm’] CROOOO R=10.00 R, . . 3 0 , |
- 8%0- ADAPT/GONG 20181108-1200 0 5 10 15 0 2 0 2 4 - 30 -10
| Time [hours] Time [hours| Time [hours| -3
: o B ARl b e LR S g 550 6.320+03 Left : density fluctuations on time-distance diagram.
V V ot E. Lo W : 20 -15
. . > A = e e 0 5

— g 450 é 5 10 150 5 10 15
D El e Solar X (R5) Solar X (Ry) Solar X (R
% o 3.39e+03
g V [km/s] CR2210 10.00R,,, ’ n[cm®] CR2210 R=10.00 R,
MVP-ADAPT o= NSO/GONG CR2210 S20er0s . : 10! ;
Synthetic MULTI-VP white-light WISPR 550. - ISAM solar wind model g b);
WISPR FoV (Poirier, Kouvoumvakos, et al, 2020) . R T : 6:320+03 800 } h g i)
3 A ‘W‘ R J‘ . 1D multispecies (H,He, e-, p, He+, He2+) . E 10°} -
w0 e SR S assuming bi-maxwellian distribution E 600 = \
White-light Carrington maps (1°* passage, PSP on LASCQO'’s p-0-s) . - - - 250. h - - - ' 4620102 E 400 t § 10! —IsiM // -
ongiude ongiuce . Solve anisotropy and instabilities (firehose, mirror) g 3) '_'}2 vos
LASCO (west and east MULTI-VP (synthetic) 200 F &
N ki e 2 . o e i . 1072k o :
- Wind speed distributions very sensitive to polar B flux . Self consistent ionization in upper chromosphere and corona ot aftil
g and also to consequences for flux-tube topologies (expansion factors, inclination) 107 F .
% - Density distributions distributions in better agreement = 10®} % L5}
both qualitatively and quantitatively, much less sensitive to polar and open B flux issues Blue and red lines: ISAM proton and electron profiles ‘E ;0
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yet strong features are present on all maps Symbols: EISCAT, SoHO/UVCS, WIND-WAVES data = =
" (Breen 96, Grall 96’, Cranmer 09, L:—:-blanc 98) A 1001 % 0.5
E - Further calibration of PFSS and/or heating model required o
5 - Main diffelrences IIinked to intrinsic features of B-maps 10° o g o
angular resolution, ;
90 ] e : : : : — ' ' - less phi-averaging on synchronic maps (Lavarra, et al, in prep.) Height (Rs) Height (Rs)
0 45 90 135 180 225 270 315 36l 0 100 200 300
Longitude Longitude
Conclusions
MULTI-VP: global wind model (1 - 60 R+ coupling with heliosphere), Current issues: %(Jjnf?ertaipties related toI m.;a\jlgtnectjc.)f%ramst s Work-in-progress: chltlls.ioln of ISAM solar wind mhodel ) )
. . Sun Ifferent mag. sources lead to different results multiple species, kinetic fluids, heating mechanisms
fast computation, alternative to WSA and full 3D MHD models & Pie SP &
] . . . Quality of the mag. field extrapolations . More physics, time-dependent phenomena
Heating mechanisms (disentangled from geometrical effects) (open flux problem, false hits/misses due to positional errors) (waves, turbulence, transients)
Full set of background solar wind properties . .. , , ,
Coronal rotation , , Data-driving: add local magnetic field maps, improved mag. field extrapolations
Diagnostics (e.g white-light, EUV, V/n/T maps, in-situ measurements; (shape of the spiral, stream arrival times)
pre/intermediate/final checkpoints) Forecast mode: continuous few-days forecast at s/c position

Define appropriated validation metrics
Data-driving: synoptic and synchonic magnetic maps (uncertainties and forecast skill)



