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ADstract. A few million tones of charged particles leave 8w every second. This continuous stream of pasticthe solar wind - leaks

from the Sun's inner atmosphere, escaping its grakiow Is the solar wind accelerated to hundretikmo/s, together with the chain of heating
processes that generate and sustain the Sun'sohon@ has so far defied a quantitative understagddespite the multitude of efforts spanning
the last half centuryin our work, we analyze data acquired with SoHGQCe (8olar and Heliospheric Observatory) instrumenbte SUMER
spectrograph and the EIT imager. We look in in e@ldholes, being particularly interested to finektfast solar wind origins as low as possible
In the solar atmosphere. Our results indicate that have not seen the fast solar wind starting ateady outflow In the transition region.
Instead, we see bursts of short time brightenipgssibly representing bi-directional jets (explesexents) of different scales, which, because of
the open magnetic field structure found in coramales, could pump plasma into the corona.

| ntroduction. we know that théast solar wind(500-900 km 3) originates fromcoronal holes The Data we use were acquired with tlB®8MER (Solar Ultraviolet Measurements dEmitted

regions in which one magnetic polarity dominates),anigh in the corona, the field lines are opeo.| T| Radiatior) grating spectrograph arfdl T (Extreme-ultravioletl maging Telescopeon SoHO (Sdar
find what are the small-scale features responsdyli¢he appearance of the fast solar wind, we rtegd | ;4 HeliosphericObservatory. There are 3 types of data: rasters (x-y solardioates as ifrig. 1),

correlate plasma motions VXIth fln"e structures iaside coronal holes, “seen Irom uhlen5|_t|on regio time series (time sequences of the solar y cooteliagin=ios 2, 3, 4, 6 & 7) and repeated images (¢
(TR) downward. If we look “under” coronal holes, we da neally see “holes”, but a variety ofight i . : . . . .
In Fig. 5). All data are taken in polar coronal holes, ascdir off-limb, in EUV lines originating fro

transient eventsspicules explosive eventscoronal jetsblinkers etc. Some might be closely related bu

given different names by seeing them on disk o#liofb, at a particular wavelength or by a certal ,
instrument. How close this relationship holds amel ¢connection of these small-scale phenomena t¢ th@' the fitting (| ). In the Doppler velocity mapsjue |nd|cates plasma going out from the Siafe-
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~1g. 1 shows some results froRopescu et al. (2004phere we have analysed a
high spatial resolution raster in a polar corohale, searching for plasma
outflows from coronal temperatures (in the Mg IX67A line, originating fro
630,000 K), and also from the low transition regiorO Ill 703 A. Although i
the O Illl line the downward motion was predominahtwas sprinkled wit
outflows forming a small-scale pattern mostly & tietwork intersection with the
Inter-network cells (network boundaries).

the possible connection between the events :?
the disk and the ones from the limb.

Flg. 5 presents the time evolution of a small reqiges "=
taken with EIT. We have Investigated two S|t EEEECEENE
marked asS1’ and‘S2’, which are the foot-points €
two giant spicules (macro-spicules}l’ was drive
by a series of bursts seen as brightenings ofegs|{
The first burst had a very short duration, but eaus
huge jet with upward speed of about 100 Kn
(possibly an explosive event).

This Is the first time motion in a coronal holesath a low height (close to the
transition region base, at 80,000 K) was detecteda scale small enough |to
distinguish its fine correspondence with the intignigatures. However, an open
guestion following this study i1s whether these louté are steady or are a result
of small transient features. To check the flows’s{dontinuity, we need to
analyse time series data from coronal holes irsitian region and coronal lines.

Our preliminary results show a possible link betw
macro-spicules and blinkers (brightenings seen
disk that last on average 17 min), as well as buof
explosive events. However, more detailed analy
need to be done in order to establish a defi
connection  between various events:

brightenings, bi-directional jets and (macro-)spes
occurring in the solar transition region.
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network, because there we find the new emerginghetas
field lines that, by permanently interacting witline
surrounding magnetic structures, create disturlmmnelic
expel plasma higher up in the solar atmosphere.

~10. 2 shows an example of a repetitive explosive eveat i
coronal hole boundary, seen on disk, in the O V3116
line (T~300,000 K in the transition region). Theeatec
reconnection may be triggered by transverse osoiia of
the flux tubes (kink modes) in the closed fielceliregion
These oscillations periodically separate and btoggthe
the closed and open field lines on the two sideshe
coronal hole boundanpyle et al., 200b

Another question we are asking is whether thesatsw@ntribute
to the heating of plasma, and possibly the tratspbmateria
higher up, in the corona. In other words, how dopna/e that the
might constitute the roots of the fast solar wihdttwould furthe
leak along the open magnetic field lines from tmoal holes?

phenomena se
at the edge of the solar disk (off-limb) and ulttelga to the fast solar
wind? To answer this guestion we need to study \Wwhapens at the
solar limb.

n

In Popescu et al. 200Wwe show that some macro-spicules seen &
transition region temperatures have a responsdat eoronal line

~Flg. 3 shows that the intensity and widths of the O Vlieliare
oscillating off-limb (see the repeated increasbath the flux and the
widths at ~10” off-limb). To find out If this Is aimilar type of
e phenomenon or not we are undergoing a more caegfalysis |

e i | Popescu et al., In preparation

~1g. 6 presents the temporal evolution of a macro-spiculihe N
IV 765 A line (top panel) that heats plasma at tdmaperature aof
the Ne VIII 770 A line (T~630,000 K, bottom panel).
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How Is the energy transported further up in theoaf?
Do waves play any role in plasma acceleration?
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To answer this guestion, idopescu et al. (200%e searc
for the variation of line intensity with time abowe pola
coronal hole and we report the detection of vengl¢~17C
min) periodic intensity fluctuations.

chromospheric and transition region temperatures
spicules. A SUMER time series (taken in the N \b
A line ~140,000 K) gave us the chance to see th¥ |
spicules with such clarity and for such long obsey
sequences as never seen befira €t al., 2005n

Fig. 7 shows two examples of the wavelet transform appliciilly
to the temporal evolution of the intensity of thel\N and |
Ne VIII lines. The red curve shows the ~170 miniqaic
fluctuations, detected off-limb. With the acoustcat-off [
frequency implying a maximum allowable period of0+9 T
min, it is unclear whether these fluctuations are th waves Sl—
or are the result of a recurrent magnetic recoiect S
"= |process. Additionally, our data also reveal shqueiods (5: .
“w.s 190 min), previously seen with other SOoHO instruraent

The position of the slit in one of the observi
sequences, as well as the temporal evolution §
spicules In that location are given kng. 4. Spicules|
are probably the smallest features we can distifgul
on the Sun with the current EUV instrument resolut
although they are about the size of the Earth ke

Conclusions References

Our studies agree that the ubiquitous spicules pheay a crucial role in providing plasma to the c@o
We have also estimated that larger events (maccodsp) are likely to be seen on-disk as blinkess, |Doyle, J.G., Popescu, M.D., Taroyan, Xstronomy & Astrophysicg46, 327, 2006

well as bursts of explosive events, and some ohthlso heat plasma to coronal temperatures. Popescu, M.D., Doyle, J.G., Xia, L.Astronomy & Astrophysicd21, 339-348, 2004

Depending on the magnetic field configuration frame transition region, the outward directed plasm: . , . .
from spicules (jets) might either come back to $m if it meets closed loops, or escape along pies|o Popescu, M.D., Banerjee, D., O'Shea, E., Doyle, X, L.D., Astronomy & Astrophysicg42, 1087, 2005

field lines (present in coronal holes), deliveriptasma into the corona and going further in|thePopescu, M.D., Xia, L.D., Doyle, J.G., Banerjee,Atlvances in Space Researzf07
heliosphere as the fast solar wind. Popescu, M.D., Xia, L.D., Doyle, J.G., Banerjee,Astronomy & Astrophysi¢csubmitted

In these observations, we have not seen the fastwod starting as a steady outflow in the traosi  |Xja L.D.. Popescu, M.D., Doyle, J.G., Giannikakis Astronomy & Astrophysic438, 1115, 2005

region. Instead, we see bursts of short time beighgs, (seen off-limb as spicules) probably.,.
representing bi-directional jets of different ssalahich, because of the open field structure iocar <& b-D- Popescu, M.D., Chen, Y., Doyle, J.8QHO 16, ESA-SP 575, 362, 2005b

holes, could pump plasma into the corona.




