
ABSTRACT

In 26- 29 June 199O Doppfer velocity
observations in a rluiescent promjnence were
carried out, Using a device based on a
image d issec tor  ( tV  - tube) ,  the  Doppfer
velocity prof l le in prominence height were
measured quasi*simultaneously at two inten-
s i ty  leve ls  in  the  f ine  He 486.1  nnr .  I t  was
lound that through the entire height of the
prominence. there are )-4 elements with
quasi-hourly oscif lat ions. Rel-at ive to each
other, the oscif l-at ions in these elements
show a random phase- fhe distanc.e between
such e lements  i s  about  2O" .  Quas i - f i ve-mi -
mrte osci l lat ions have a train-l ike cha-
racter and a random phase at neiglthouring
points of the prominence (separation o, 4").

Keywords: Prominence osci l lat ions.

1 . INTRODUCTION

Nrunerous investigations of line-of-sight
(Doppler) velocit ies ln prominences show
osci l fat ions with dif ferent perlods to be
p r e s e n t  i n  t h e m  ( R e f s .  5 ,  6 ) .  I n  t h i s  c a s e
observa t ions  w i th  fow (B"x8 ' i  )  spa t ia l
resolut ion (Ref. '1) reveal periods from 40
to BO mln while short periods are usually
absent .  Observa t ions  w l th  h igh  t2" "2" )
spat ia l  reso lu t lon  (Ref .  6 )  ind ica te  the
presence of the quasi-f ive- minute osci l la-
t ions in separate places of the prominence.
Spec. t ra l -  observa t ions  (e .9 .  Refs .  3 ,  4 )
give evidence that quiescent prominences
cons is t  o f  sma1 l -sca le  i so la ted  1oops,
One of the likefy reasons for the presence
of the osci l lat j ,ons in prominences is
thought to be the propagation of Alfven
waves along a magnetic rope that forms the
prominence body. In thls case the presence
of magnetic f fux tubes of dif ferent lengths
must give r ise to osclf fat ions with
dif lerent periods. So far, however, the
presence of well-pronounced structures in
the picture of prominence oscill-ations has
not  been observed.  Some observers  (e .9 . ,
Ref. 6) observed that the character of the
oscif lat ions was dif ferent in i l i f ferent
parts of the prominence.
Our intention here is to study the spatial
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picture of the osci l l -at ions in a qulescent
prominerrce.

2. OBSERVATIONS

The observations were made at the
horizontal solar telescope of the
Astronomical Inst i tute of t l re Uzbek Ac.ademy
of Sciences (Tashkent) during 26 to 29
June, 199O. The telescope's primary mimor
is 440 mm in diameter, and the focal length
is  17  m.  Image sca fe  l s  1 .2" /mn.  To  ho fd
the solar lmage on the spectrograph sl i t ,  a
photoelectr ic guider was applied ( the
accuracy  o f  ho ld ing  was about  1 -2" ) .
Doppler ve-Iocit ies were measured by means
of special device based on a TV
dlssector-tube. According to the principle
of measurement, thls instrument is an
el-ectronic analog of the magnetograph
Doppfer compensator. The procedure of
measuring the spectral f ine shif t  1s as
fol lows. By scanning along the dlspersion.
intensity measurements are made at two
points of the spectral l ine profi le ( in the
red  and b lue  w lngs ,  respec t ive fy ) .  As  the
spectral f ine shif ts,,  the scanning interval
is disptaced so that signals measured ln
the opposite wings should be equal. A
de laifed descript lon of the devlce is given
by Druzhinin and Pevtsov (Ref. 2). The
measurements were made 1n the l ine Ha 486.1
nm, with 0.32_ A,zmm dispersion. The size o!
the  d issec tor  tube aper t t re  was O.3"0 .3  mmi
and the width of the spectrograph entrance
sl i t  was 2". The accuracy of Doppler
velocity measurement was 2O m/s, and the
r .m.s .  spec t rograph no ise  was 60  m/s .  The
image mot ion  (see lng)  was 2-4" .
In the observations, the Dove prism was
used to orientatlon the solar image in such
a manner that the spectrograph entrance
sl i t  was perpendicular to the l imb.
Spectral fine shifts were measured at two
fevels of i ts intensity (near the core and
at  the  ha l f - in tens i ty  leve ] ) ,  w i th  a
simultaneous scanning in spectrum height.
Thus, we recorded the Doppler velocity
profile in prominence height at two
intensity levels 1n the spectral l ine. The
duration of each scan in spectrum height
was 152 s. An area BO" in extent was
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scanned, and a scan covered virtuall-y the
entire height of the prominence from its
top to the solar l imb. The duration of a
daily observing run was 2-4 hours.
The filament forming the prominence .was
para11e1 to the solaq equator at +32' W
lati tude and was 12O' in length. Such an
orientat ion of the f i lament and i ts length
permltted us to fol low changes in the
character of the oscif lat ions in the
prominence during 4 days- -

]. IIEIGHT DISTRIBUTION OT OSCII,IATIONS

We have investigated the time behaviour of
the velocity prof i le in prominence height.
Ior each point of the velocity prof i le ( in
prominence height),  we constructed a t lme
series, characterlzlng the Doppler veloci iy
variat ion at that point with respect to the
lnit ial  moment- I ig. 1 shows an example of
the t ime variat ions in Doppler velocity at
dif ferent points of the prominence on one
of the observing days. The distance between
the  lnd iv idua l  po in ts  i s  about  1  -7" .  The
ax is  o f  o rd ina tes  (  le f t  )  ind ica tes  the
I  o c r  t i  n n  o f  l . h e  n o  i  n  L  i  n  h h c  r ' r q m i 6 g y t 6 gy v r r l  e  P r  !

with respect to the beginning of the scan
( the  pos i t lon  r - r f  the  po in t  in  the
prominence,  fo r  wh ich  the  respec t ive
reg is  L rogranr  i s  g i  ven)  .  The beg inn ing  o f
the scan corresponds to the top of the
prominence. At r ight, the axis of ordinates
ind ica tes  the  sc .a le  fo r  Dopp ler  ve loc i t ies
( in  km, /s ) .  The absc issa  ax is  ind ica tes  t i rne
in nl inutes. This f lgure r: fearly si tows the
osc i f fa t lons  w i th  a  per iod  o f  about  1  hour -
In some places one can discern variat ions
wi th  per lods  o f  20  min  or  shor te r .
Long prsrfocl ( quasi hourly ) oscif fat ions are

more well defined in the upper part of the
prominence.  (Top o f  T ig .  1 ) .  Shor t -per iod
osci l lat ions (shorter than 20 min) are more
characterist ic for the lower part of the
prominence. The amPlitude of such
short-period variat ions ( 1oo-3oo n/s) is
considerably smaller than that of the
quasi-hor-rr ly osci l lat ions (as high as 2
kmls). Such a plctr-re of the osci l lat ions
was typical of al l  observing days' In the
ligure one can note some features in the
picture of the osci l lat ions- Primarify '  the
presence of areas with a dif ferent
osci l fat ion regime should be noted. ( In
Fig. 1 one can identi fy at least 3 suc.h
areas) - Inslde such a region the
oscl l lat ions exhibit  similar periods and
phases, and the variat ions in the
neighbouringl area show markedly clifferent
periods or phases. (Tltus, for exanple' the
osci l- Iat lr :ns occurring in the middfe of the
prr-rminence were opposite in phase to those
in  i  bs  upper  par t ) .  t lne  ge ts  Lhe impress i , :n
t irat these areas have rather sharp'
bc.undarles.
The presence in the prominence of areas
with a cl i f ferent regime of the oscif lat ions
is confirmed try a spectral treatment. I ig.
2 shows a spatial p.Jwer spectrun for the
same sequence of observations as in l ig. 1 -
The absc lssa  ax is  i ,nd ica tes  the  osc l l la t ion
periocls in minutes. and the axls of
o rc l ina tes  ind ica tes  the  loca t ion  o f  po i r l t s
in prc-.minence heighb in arc seconds (as in
I ig .  1 ) .  Contours  s i row the  spec . t ra l  power
( the  s r luare  o f  t l te  cor re fa t ion  coef f i c . ien t )
of the oscl l lat lons wit l t  cc:rresponding
periocis. The contours are r lm out every 0.1
f rom leve l  O.1 .  The f igure  re ' rea ls  four
regions in the prominenc.e body with
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Tig. 1: Osci l lat lons of Doppler veloc. i ty for the posit ions
along the spectraf sl i t  ( the axis ol ' : rdinates) crossing a
quiescent promi.nence. The distance between the scan points
i s  1 . ? " .  S o l a r  l i m b  -  a t  b o t t o m .
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Tig. 2: Spatial power spectrum lor the registrograms shown
in  F ig .  1 .  Contours  (every  ( : r .1  f rom leve l  O.1)  show the  spec-
tral power ( the square of the core]at ion coeff icient ) of
the osci l lat ions with coresponding periocls indicated on the
absc issa  ax is .
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i ncons tancy  (poss ib ly ,  a  t ra in  charac ter ) ,
The spatial distr ibution of the prominence
osci l lat ions desc;r ibed here can be
interpreted in terms of the presence of
dif ferent-scafe structures there. In our
r - rp in lon ,  e fements  w i th  osc i l la t ion  per iods
from 4O to lOO min are associated with
separate ropes of magnetic f lurx tubes that
form the prominence. The shorter-period
oscif lat ions (shorter than 2O min) refer to
lndivlduaf f lux tubes involved in these
ropes. Tal ler ropes are afso greater in
length, which, possibly, explains the
increase' in the period of the quasi*hourfy
osci l fat ions with height ln the prominence.
As has been pointed out above, we measured
the vefoc.i ty prof i le in the prominence at
two in tens i ty  leve ls  in  a  spec t ra l  ] ine .
The velocity prof i le measured near the l ine
core, sl ightly dif fers from that measured
at the half- intensity level Sl ight
dif ferences are also observed in the
spatial picture of the oscif l-at ions. We
have not carr ied out a detai led
lnvestigation of the dif ferences of these
two velocity prof l fes, however.

4. CONC],USIONS

The observations described here can be
lnterpreted as a possible manifestat ion of
the Alfven wal/es propagating 1n magnetic
flux ropes forming the prominence. Our
concluslons, however, are based upon the
observations made with low spatial
resolutlon. In order to understand the
nature of the prominence oscil-l-ations, we
believe, i t  is very important to reconci le
the structures we observed in the

increased spectral power- fn this case the
osci l lat ion period typical of each of the
elements, increases with the heleht. Thus.
the  osc i f la t jon  per iod  in  the  

*upper  
and

fower parts of the prominence is,
respectively, 85 and 60 min. Ior the other
days, the spatial power spectra afso
exhibit  2 to 4 elements in prominence
height with their own osciI lat ion regime.
Analysis shows that the oscif lat ions in
each such efement occur with simlfar
phases. Osci l lat ions in neiAhbouring
e lements  w i  th  respec t  to  each o the i  have ;
random phase ( that is, they occur
int lependently ol each other). Sometimes,
osci l lat ions in neighbouring elements
proceed str ict ly opposi.te in phase (as in
I ig. 1 ).  A spectraf analysis macle by using
the t ime sequence of 3-4 hour duration does
not reveal any slgnificant peaks in the
power spectrum in the region of short
periods (shorter than 2O min); however, the
analysis of indlvidual areas of a duration
of up to t  hour (from the same sequence of
observations) reveals elements with
osci l lat ion periods B- 20 min in prominence
height. Tig. J shows the spatial power
spectrum for a sequence of about t hour
dtrat ion. One can see that the short-period
osc i l la t ions  have a  smal fe r  sca le  as
compared with the long-period osci l lat ions.
Elements with short-period oscif lat ions are
located randomly in prominence helght. The
size of the elements with lonE-period
oscif fat ions is about 2O", and the 6tements
with short-period osci l lat ions are 3-4" in
size. The absence of short-period (B -AO
min) osci l lat ions in the analysis of long
tlme sequences seems to indicate thei i
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I ig. 3: Spatial power slrectrt tr i l  for a se(luence
of about t  hour'

osci l fat i(rn p, ic ' . ture with the struc.tures in
the trr igl i tness. In our t ' iew, observations
wit ir  high spatial reso-Lution must show the

Lr reser rce  o f  shor t -per l r : rd  (B-2O nr in )  Dopp ler
v i : loc i ty  osc . i f la t ions  in  separa te  f ib r i l l es
involved in t l ie prominence. Such an
observationa,l task cou-Ld be forntulatecl
wit l i in t l re SIM{IRfS Mission. In turn, we are
ready to part icipate in grouncl-based
,:bservatlons to support this program.
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