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The Problen

What can we measure?

Linkage...
The End
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Remote-sensing
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%\

Property
Magnetic field
H & He density

Composition

LOS flow velocities
Turbulence

Eruptive events

remotely

PHI (disk, low corona)

EUI, METIS (corona)

SPICE (disk)

PHI, SPICE (disk)

EUI, Solo-HI (corona)

EUI, METIS, PHI, Solo-HI, STIX

What can we measure?

In situ

MAG, (SWA)
SWA, (SPC)
SWA

MAG, RPW, SWA
EPD, MAG, RPW, SWA






SPICE, EUI, anad'PHEhigh-res field of Viewsat perihelion




60 r. /400 km/s = 1.25 daySh
60:r. /300 km/s = 1.6 days

all about.




The problem lies in the super-
radial expansion of flux tubes.

This is well illustrated by the
PFSS 'hairy-ball' model to the
left and the coronal funnels
shown below.

Tu et al, 2005



Magnetograms from PHI

Coronal Structure frorp EUlI and METIS
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The Third “Instrument”: ModelsS

For instance map solar wind back to coronal & chromospheric origin
Removal of the Alfvén-Waves Influence from the Proton Velocity

since A ASSUMES constant speed from source to observation! xe 14/,

this con nove the
influenc tred acity Upe
which e - HOrbury and Matteini (SH21B-4097)
Carrington Longitude {Degree) By = Tpe + ATy
85 75 65 3
R RO SN T N N S U A B ﬁ‘UA results from

~ 775 L

n - AB

-~

b 65

a 773 : A ‘.."a':'-_: W o

E 3 /

> aos B -

i1 1T T Jrrri 7T rr iy T Thieme et al., chv. Space F‘aea ' v'rt} [4]]2? 1@18(4

16.0 185 17.0
Time (Days)



i# 3 s .,-r_-'::
[ . - pre.
11i) | b i 7
¥ Hh B | .
- N kL | P 1
/ :

For instance map solar wind back to coronal & chromospheric origin

The Third “Instrument”: Models™

Assumes constant speed from source to observation!
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Solar Orbiter works best with all instruments together

SO & SP+

B Magnetic field line
R ing electrons
radio (ye&l!! amiss
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Processes that affect solar wind composition:

Process  Location Elemental lonic Seenin Origin
situ?  understood?

FIP effect Chromosphere, foot yes ? yes no
points of loops

Heating Corona, loops, foot  Possibly yes yes no
points of loops small effect?
Gravitational  streamers yes no no yes
stratification
Coulomb drag Coronal expansion Yes, no Yes? Yes, but does it
especially He really act on
wind?

Some of these processes can be modeled. Providing
simple models, e.g., for FIP, charge states, etc. would be
very helpful.

rfws, ieap, cau 2014 Fall AGU, San Francisco, 2014-12-17 20



SPICE will provide
Doppler-maps for
various ions

(SOHO/SUMER)



Outflow along flux
tubes (from coronal
| models)

Composition
(low/high FIP) also
from SPICE,
compare with SW

(SOHO/SUMER)
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logt
i

In situ charge states
have lost all memory
of what happened in
deep corona.

They retain memory
of their last charge
modification (charge
states frozen in) in
the upper corona.

time scale

|

' log r

distance from Sun
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Charge-state and elemental composition somehow Iinked.ﬁ’('
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Charge-state and elemental composition somehow linked.
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Charge-state and elemental composition somehow Iinked.»’""’/
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Solar Orbiter works best with all instruments together

radio burst

SO & SP+
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Information from EPD

3He is preferentially accelerated
In flares (probably wave-particle

interaction) — flare origin! Velocity dispersion indicates rapid

acceleration and good connection

35-: - no time for diffusion!
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Information from EPD

Velocity dispersion also
Indicates that particles are

flowing towards observer Velocity dispersion indicates rapid
from the source. The flow acceleration and good connection
is anisotropic. — no time for diffusion!
For good connection: T
- SHe, large e/p ratio 2 |
— velocity dispersion & 0.0100
— anisotropies i
- type lll radio emission E |
- minimal onset delay " nm:rm |

= !
Such events are seen at 1 f |
AU, albelit rarely (e.g., = |
Klassen et al. 2011). g o000l

@ |

2130 2200
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Solar Orbiter & the Heliosphere ===

Need a strong synoptic program to allow linkage.
Need tools that allow user to easily discriminate:

Hot and cool coronal regions:

- provide FIP maps of potential source regions

- provide temperature maps of potential source regions
- do so for more than one Low FIP/High FIP pair.

Line broadening as measure of ion heating and/or turbulence:
- Doppler maps
- coronal turbulence maps

Magnetic connectivity
- Magnetograms - hairy ball models to trace open field
- Timing, magnetic topology, and locations of eruptive events

Modeling must be an integrated “instrument” of Solar Orbiter

Thanks to Solar Orbiter & SP+ Teams, funding agencies, tax payers.
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