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Blue regions are inside a coronal hole or open magnetic field region, where
the high-speed solar wind is accelerated. Superposed are the edges of
“honeycomb”- shaped patterns of magnetic fields at the surface of the Sun,

where the strongest flows occur.
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The solar wind starts flowing out of the corona at heights above
photosphere between 5 Mm and 20 Mm in magnetic funnels.
(Tu et al., 2005).
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P aMoBranN(2003) --- Line W|dths from ions formed at coronal hole

mmi)ﬂ‘ atlires Increase with height up, ta R . 7. & constant at >

")
_IJ_IJ QJ

NhE JfJ‘Jf --- Alfven wave propagation.
WEVES e tamped >1.1R

‘Shea ot al. (2005) --- Evidence for a decrease in line widths at
__,uq,»f . above the limb ~ 1150 (~1.2 R ) in polar regions where
X 624/609 indicates a change from a collisionally to a

~—ra d" atively dominant excitation mechanism.

)

This decrement In the line widths above ~1150" (~1.2 R ;) is likely
due to a reduction in the non-thermal component of the line widths
caused by a damping of upwardly propagating Alfven waves.



~EDIRFelIX and Fe X 171 A observation Deﬁerewd
o b 8) --- prgpagatmg dlst nces (perlods

_eﬁce of periodic density quctuatlons with
10ds ~ 30 min in polar coronal holes ---

= con5|stent with propagating slow magnetosonic
‘wavesat 1.9 R, .



PASIGHAtUre 5 of long| period" (20-60"mm*and -ab'cf\g)',"
| y long perlod_(170 min) periodic fluctuations

S el )

pa0/Shea et al. (2006) --- Evidence for fast

maghe toacoustic waves at coronal temperatures,
while;] at transition region temperatures slow
= JJ‘ gnetoacoustlc waves are more common.

, trong evidence for outwardly propagating slow
= — magnetoacostlc waves in off-limb polar regions.
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Banerjeeretaln2004Popescu et al, 2005)- .



'08@_: +p(v-V)v= l(V><B)><B SV AAvAlY  (momentum

equation)

— '—--'*;; lLl
—_—— aa_B _V x (V v B) + 77V2 B (induction equation)
— {
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the effect of magnetic diffusivity only,

s

pov=10045x10"T,*" gem 's™ (Spitzer, 1962)

n=1144x10"T, > ecm”* s (Priest, 1982).
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a polar coronal hole as a
etal., 1999):

- —

1x10° 2.5;103 2.9x%10° >
Ne(R)— R8 +T+T (cm )

1 sdenS|ty
,OO(R)—O6m N, (R)

-;-__'—The@mplrlcal relation for temperature profile is given by Pekiinlu
et al. (2002) in coronal holes, using David et a/ (1998)
temperature measurements:

. =—2x10" R* +5x10" R — 3x10” (K)




En-ergy flu

.

W = IOVNT (R)E - where

oJ0)
— RS group velocity

Ok

Vnt (R) is velocity equivalent of the non-thermal
- component of relevant spectral line at

B FWHM.
the empirical relation as a function of radial
" heig ght, glven by Pekunlu et a/. (2002) using Banerjee

="":efaf (1998) measurements for Si VIII ion :

__"

var (R) = —15223R* +86382R° ~18191R* +16882R-57865 (kms™)




jer the coronal hoIe"regiWs.'e
delow 25 Mm is coronal aving‘*n

field lines omplex biFolar maghnetic

i

. of coronal funnel (above 25 Mm) is quite
"_‘!TI_S (Banaszkiewicz et al. 1998; Hackenberg et al.
e then derive an empirical relation for the
fic field in the inner coronal hole as :

._-lq

i

B=——F———=+d
1+exp [(R—b)/c] for1.00 R, < R<1.05 R, , (gauss)

B =95.20344 —129.39079 R + 45.49857 R*
for1.05 R, < R<1.35R,




ke 1.05 R, as a reference height a ake all
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~as a reference time to make the time periods

dimensionless, i.e., FISES SVE R SN L M etc
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Energy flux density (W)
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Alfvéen Wa
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where Q=
= — .

Alfvén velocity.
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‘f BN Wave pDropadc n
pation in magnetic funnels through viscous
istive plasma --- Alfvén waves are one of
'ary energy sources in the innermost part of
__» holes where the solar wind outflow starts.
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,_-:';— S{:' troscoplc signature of Alfvén wave dissipation in
- the off-limb coronal hole plasma --- Alfvén waves

with period 0.0 01 s fit the data best.
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* We take BN cm s, ergs K-, [T
- gfor Mg X ion, EESENE] R, proton mass J

is energy flux density for Alfvén waves.

is energy flux density for slow MHD waves.



USing density, temperature M

1><108 2.5%10° 29><105 - )
(R)_ —+T (Cm - -

(Doyle et al., 1999)

( where is the proton mass)

—2x10" R* + 5x10" R — 3x10" K

(Pekunlu et al. 2002)



.

Dispersion Relation
———— s
Ak + Bk + Ck* + D=0,

T
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(ergs cm™s1 K1) (Braginskii 1965)
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DNS (DeMoortel and Hood, 20

to obtain the dispersion relation. We solve these equations simultaneously,
assuming all variables to have phase factor

exp(ikz—iwt).
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D equations (DeMoortel
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gltudmal Ml-lﬁ”aves also contrlbute to the

NC " 2 with

30 min fits the data best.

St lar wind source region (1.0058 R, - 1.03 R,) ---
| Alfven waves are likely candldates

= Slow Iongltudlnal waves are important in upper part
- of solar wind source region (1.03 R, - 1.35R,),
providing a fraction of the required energy ---
dissipation of both types of waves in coronal holes.
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