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Extrapolation back to the Sun using the observed Solar Wind velocity: dwells

A solar wind parcel observed at heliocentric distance K and longitude ¢ at time ¢
was at the source surface at Fy, @g at time g.

Let 7 be the transit time from source surface to the spacecraft.

Ro=R-V(@)T }

$o = ¢ — QT
_P—h _R-R
(o V(t) ’
NP Roelof and Krimigis [1973)
V(t) ~ 0 0oelol an rimigls

Plotting R / V' as a function of time, we can identify a characteristic solar wind structure,
the “dwell” in which the longitude Qﬁo(t) remains approximately the same.
InaR / V versus time , “dwells” show up as straight lines with slope equal to one.
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Fig. 3. Histogram of the differences between the
observed and Parker spiral angles in the mid-latitude
zone (10° - 30°) containing CIRs and CRRs. Both the
mean and the most probable values show a substantial
departure in the sense of the field direction being more
radial than the model predicts. The solar wind speed
was used to compute the expected angle.
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At the photosphere, we have the field lines rooted at 8% and ¢*, and move with a mean

angular velocity (2%, with
0 (0F) = O — w(6")

where W is the mean differential angular velocity.



The parametric equations then simplify to

r=rg+T VO{QO, b0 + w(6o)T,t — T}
g = 6,
qﬁ — ¢0 -+ w(@o)'r — QT = d)o —= Q*(QO)T

From the last equation we have 7 = (¢0 pe gb) / ()*, and replacing it in the first equation

¢0_¢ ¢0_¢ t_¢0_¢]
O O* ? O

r=ro+ VO[QO, $o + w(bo)

The function V5(8, @, t) is arbitrary.
The velocity itself V(T’, 8, o, t) is assumed to be radial and ballistic and is defined as a

function of position and time ¢, and we can define it in terms of the parameter T

V=W, ¢+ Qrt—r1)
r=1r9+ VT

For a given values of the angular coordinates (9, @) and the time ?, these equations

generate V', at all distances r > rg with 0 < 7 < 0

=% ¥ =%
V=Vo(0, o+ ) t——)



The angle W between the radial direction and the frozen-in magnetic field is

.

tan W :Tsmg/(dqﬁ

do o o

& Vo ¢o—¢{ w OV 18%}

"o ot

fan T — (Q —w)rsind
- — Vv, Vi
Vo ¢0*¢5[w 8¢O o E)to]
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It o= P
— w)rsin
tan W = _V ol ¢o—¢[w8Vo]
0 ¥ 3¢
Murphy et al. [2002].
Ife= 0 .
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Near-radial IMF in CIR rarefaction region
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Propagation of energetic particles in rarefaction
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Conclusions (1)

- Mid-latitude solar wind rarefaction regions:

ecoincide with “dwells” (solar wind originated at
approximately the same longitude)

*show low magnetic field magnitude

*show non-Parker (more radial) magnetic field orientation

 26-day recurrent series dominate outside of the solar maximum
(92-93, 96-97, and part of 05-06).

* Non-recurrent rarefactions (including CMEs) are comparable to
recurrent rarefactions during solar maximum (01-02):

*a mix of coronal hole recurrences and transients either in the
solar wind source or in the coronal hole evolution 1s

observed.



Conclusions (2)
Implications for energetic particle propagation in rarefaction
reqgions of CIRS:

When CIR plasmal/field signatures are observed in situ, e.qg. at
1AU, energetic particles are associated with both the forward
and reverse shock (if formed).

For remote connection to CIRs, e.g., Ulysses at mid and high
latitudes, the IMF in rarefactions (that connects to the reverse
shock is strongly deformed from an ideal Parker field (high
probability of near-radial directions and very weak, quiet
magnetic field).

These conditions are conducive to nearly scatter-free
propagation of 0.06-5.0 MeV ions and 50-300 keV electrons
from >15AU back into the inner heliosphere (1-5AU) via paths
much shorter than the distance along a Parker spiral.



END

Thanks to the Organizing
Committee!



