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Abs tract

Re cently, high re so lu tion ob ser va tions by SOHO and TRA CE spa ce craft have iden ti fied os -
ci lla ting lo ops and pro pa ga ting wa ves in the so lar co ro nal. The se new dis co ve ries es ta blished a
new dis ci pli ne that is known as co ro nal seis mo logy. The im por tan ce of this lies in the po ten tial
for the diag nos tics of co ro nal struc tu res and knowledge of co ro nal hea ting. We pre sent a study
of the effects of ra dia ti ve coo ling and hea ting pro cesses on lon gi tu di nal wa ves in co ro nal lo ops.
We find that ra dia tion and hea ting re sults in a mo di fi ca tion in the evo lu tion of tem pe ra tu re and
pressu re per tur ba tions but not in the de cay time of the wave.
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Efec tos del en fria mien to ra dia ti vo en la zos co ro na les
os ci lan tes

Re su men

Re cien te men te, ob ser va cio nes de alta re so lu ción por el SOHO y TRA CE han iden ti fi ca do
la zos os ci lan do y on das pro pa gán do se en la co ro na so lar. Es tos nue vos des cu bri mien tos es ta -
ble cen una nue va dis ci pli na que es co no ci da como sis mo lo gía co ro nal.  La im por tan cia de esto
con sis te en el po ten cial para los diag nós ti cos de es truc tu ras co ro na les y el co no ci mien to del ca -
len ta mien to co ro nal.  En este tra ba jo, pre sen ta mos un es tu dio de los efec tos de los pro ce sos de
ca len ta mien to y en fria mien to ra dia ti vo so bre on das lon gi tu di na les en la zos co ro na les. En con -
tra mos que la ra dia ción y el ca len ta mien to cau san una mo di fi ca ción en la evo lu ción de las per -
tur ba cio nes en tem pe ra tu ra y pre sión pero no en el tiem po de de cai mien to de la onda.

Pa la bras cla ve: hi dro di ná mi ca; Sol: co ro na; Sol: os ci la cio nes.

In tro duc tion

Re cent ob ser va tions by high-
 resolution space im ag ing tele scopes and
spec trome ters have re vealed a va ri ety of co -

ronal os cil la tion modes. Such os cil la tions
are im por tant be cause of their po ten tial for
the di ag nos tics of co ronal struc tures (mag -
netic field strength, gas den sity, etc.)
through co ronal seis mol ogy and their po ten -
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tial for heat ing the co rona (1, 2). Stand ing
slow mag ne toa cous tic waves have been de -
tected in hot (T > 6 MK) loops us ing the
SUMER spec trome ter on board the SOHO
sat el lite (3-5). These os cil la tions are ex cited
im pul sively, as evi denced by the pres ence of
large ini tial Dop pler shifts and im pul sive
pro files of in ten sity and line width. How ever, 
un like the trans verse loop os cil la tions ob -
served by the TRACE, the SUMER hot loop
os cil la tions are usu ally not as so ci ated with
large flares. They are be lieved to be ex cited
in the lower parts of the at mos phere near
one of the foot points.

Of man & Wang (6) found that ther mal
con duc tion is the pri mary dis si pa tion
mecha nism of slow waves in hot co ronal
loops. Mendoza- Briceño et al. (7) showed
that the in clu sion of gravi ta tional strati fi ca -
tion re sults in a fur ther 10- 20 per cent re -
duc tion of the damp ing time.

The iso ther mal loop mod els used in the 
above men tioned stud ies ex plained the
rapid damp ing of the slow stand ing mode
os cil la tions and showed that the de cay time
is mainly gov erned by the ther mal con duc -
tion times cale. How ever, the ex ci ta tion
mecha nism still re mains un clear.

In the pres ent work a 1D loop model for
the study of the non lin ear os cil la tions in hot
loops is pro posed.  We ex tend the model cal -
cu la tions of Mendoza- Briceño et al. (7) to in -
clude the ef fects of radia tive cool ing and
heat ing pro cesses on damp ing of lon gi tu di -
nal waves in hot co ronal loops.

Hydrodyna mi cal Mo de ling

Since the plasma dy nam ics in a co -
ronal loop is domi nated by the mag netic
field, we make the usual as sump tion that
the plasma mo tion takes place pri mar ily
along the mag netic field lines which in turn
de ter mine the loop ge ome try. Heat con duc -
tion due to the elec tron dif fu sion also oc curs 
along the field lines rather than across
them. In this way, each plasma loop can be
treated al most in de pend ently from the

neigh bor ing ones im ply ing that the thermo-
 dynamical evo lu tion of the co ronal plasma
along the field lines is es sen tially one-
 dimensional (1D). Un der these con di tions,
the en ergy con ser va tion equa tion, in clud ing
the ef fects of ther mal con duc tion and radia -
tive cool ing and heat ing reads.
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In this equa tion, s de notes the po si tion
along a loop of con stant cross- section, r is
the plasma mass den sity, u is the fluid ve loc -
ity, T is the plasma tem pera ture, p is the gas
pres sure, Q(T)  is the op ti cally thin
radiation- loss func tion (8), H(s,t) is the co -
ronal heat ing func tion, g(=5/3) is the ra tio of
spe cific heats, µ is the mean mo lecu lar
weight, and k» 10-6T5/2 ergs cm-1 s-1 K-1 is the
co ef fi cient of ther mal con duc tiv ity par al lel to 
the mag netic field (9). Equa tion [1] to gether
with con ti nu ity and mo men tum equa tions
are closed by as sum ing a pres sure re la tion
of the form p R Tg= mr / , where Rg is the gas
con stant.

The set of gov ern ing equa tions are
solved nu meri cally us ing a 1D, finite-
 difference (FD) hy dro dy nam ics code based
on a tem po rally and spa tially second- order
ac cu rate La gran gian re map tech nique (10).

Re sults and Dis cus sion

The aim of the pres ent model cal cu la -
tions is to quan tify the ef fects of cool ing and
heat ing pro cesses on damp ing of lon gi tu di -
nal waves ob served by SUMER in hot (T > 6
MK) co ronal loops. To do so, we start from
the same loop pa rame ters used by
Mendoza- Briceño et al. (7), who per formed
simi lar cal cu la tions of the damp ing of slow
MHD waves in hot loops, by ne glect ing the
ef fects of cool ing and heat ing. In par ticu lar,
we choose a one- dimensional loop con figu -
ra tion of semi cir cu lar shape, con stant
cross- sectional area, and to tal length L=400
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Mm (» 0.575 R
¤
), with an ini tial uni form

tem pera ture (T = 6.3 or 8.0 MK) and den sity
(=5.0 x 108 cm-3) dis tri bu tions, and the ini tial 
ve loc ity is of the form u u p= 0 2sin( / )s L ,
where u0  is the am pli tude of the wave at t=0.
As out lined by Mendoza- Briceño et al. (7),
these ini tial pa rame ters are mo ti vated by
SUMER and Yoh koh SXT ob ser va tions of hot
loops in the up per so lar at mos phere.

In Fig ure 1, we dis play the cool ing and
heat ing pro cesses as a func tion of time for
an ini tial tem pera tures of T = 6.3 MK (a) and
T = 8.0 MK (b). The solid line in this fig ure de -
picts the evo lu tion op ti cally thin ra dia tion
loss, while the dashed line shows the con -
stant co ronal heat ing func tion. The ra dia -
tion loss os cil lates around the con stant
value of the heat ing H in time, as a con se -
quence of the time de pend ence of tem pera -
ture and den sity, as given by r c2 T a  where c

and a are tem pera ture de pend ent. Af ter a
time of 3000 s, the ra dia tion is still os cil lat -
ing, but be low the heat ing value, which is
now greater than the cool ing.

Fig ure 2 shows the re sult ing time evo -
lu tion of the wave den sity (Fig ure 2a), tem -
pera ture (Fig ure 2b), ve loc ity (Fig ure 2c) and 
pres sure (Fig ure 2d) at a fixed dis tance l0 =
0.35L (» 0.20 R

¤
), from the left foot point at

s=0 for the par ticu lar case in which T = 6.3
MK and v0= 87 km s-1. In the above plot we in -
di cated with a solid line the wave evo lu tion
in clud ing the cool ing and heat ing pro -
cesses, the dashed line shows the same evo -
lu tion with out heat ing, while the dot ted line
de picts the same wave evo lu tion with out in -
clud ing cool ing and heat ing pro cesses. The
ef fects of cool ing and heat ing can only be ob -
served for the tem pera ture and pres sure
per tur ba tions. The tem pera ture per tur ba -
tion (Fig ure 2b) in creases in time when these 
two ef fects are con sid ered. In stead when
only the cool ing pro cess is in cluded the tem -
pera ture per tur ba tion de creases be cause
the plasma is cool ing dur ing the evo lu tion.
By look ing Fig ure 1a where the cool ing and
heat ing evo lu tion is plot ted, the heat ing is

domi nant when  t > 3000s, this makes the
tem pera ture per tur ba tion to in crease in
time. The pres sure per tur ba tion (Fig ure 2d)
shows slightly varia tion when dif fer ent ef -
fects are taken in to ac count.

When  we in crease the tem pera ture to
T = 8.0 MK, the den sity, tem pera ture, ve loc -
ity and pres sure can be seen in Figure 3.
Again it is found the radia tive cool ing and
heat ing pro cesses only af fect the tem pera -
ture and pres sure per tur ba tions. The evo lu -
tion of the tem pera ture per tur ba tion shows
no varia tions when the cool ing and heat ing
pro cesses are in cluded or ne glected. In this
case in con trast with T = 6.3 MK the cool ing
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Figure 1. Time evo lu tion of the coo ling and hea -

ting pro cesses for a loop mo del with

(a) T = 6.3 MK and (b) T = 8.0 MK.  The

so lid line is the ra dia ti ve coo ling and

the dashed line is the cons tant hea ting.



and heat ing are re duced in a fac tor of two,
which makes the loop plasma to evolve as
this ef fect were not con sid ered. When only
the cool ing pro cess is con sid ered we see the
tem pera ture evo lu tion de crease in time as
ex pected.

It is no tice able that the cool ing and
heat ing pro cesses have not ef fect on the ve -
loc ity and den sity per tur ba tions, which im -
plies that the damp ing time is not modi fied
by this new ef fect.

Con clu sions

We have in ves ti gated the be hav iour of
lon gi tu di nal waves in hot (T > 6.0 MK) co -
ronal loops, start ing with loop pa rame ters
mo ti vated by SUMER and Yoh koh SXT ob ser -

va tions and tak ing in to ac count the ef fects
of radia tive cool ing and con stant heat ing.

We find that in clud ing only radia tive
loss makes the tem pera ture and pres sure
per tur ba tions to cool even fur ther in time.
For the case of T = 6.3 MK the tem pera ture
per tur ba tion in creases in time when both
the radia tive loss and heat ing are con sid -
ered, as well as the pres sure per tur ba tion.
This is caused by the heat ing that is slightly
higher that the cool ing af ter two pe ri ods.
When the ini tial tem pera ture is in creased to
T = 8.0 MK, the evo lu tion of the tem pera ture
and pres sure per tur ba tions shows no varia -
tions when both the heat ing and cool ing pro -
cesses are in clude or ne glected. It is proba -
bly due to the value of the heat ing de creases
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Figure 2. Time evo lu tion of the (a) wave den sity, (b) tem pe ra tu re, (c) ve lo city and (d) pressu re at s = l0 =

0.35L for a loop mo del with T = 6.3 MK and L = 400 Mm. In all pa nels, the wave evo lu tion in clu -

ding coo ling and hea ting (so lid line) is com pa red with the same evo lu tion with only coo ling

(dashed line) and with coo ling and hea ting ne glec ted (do tted line).



to half of the value for the case when T = 6.3
MK, and as con se quence the sys tem is kept
in equi lib rium.
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Figure 3. Time evo lu tion of the (a) wave den sity, (b) tem pe ra tu re, (c) ve lo city and (d) pressu re at s = l0 =

0.35L for the same mo del as in Fig. 2 but with T = 8.0 MK.


