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1 Introduction 

T h e 5-minute oscil lations are s tand ing waves t r a p p e d in subphotospher ic cavit ies, whose 

evanescent p a r t affect t he profiles of photospher ic lines. 

T h e models developped t o reproduce the s igna tures of these oscillations on spectral 
lines are no t completely satisfactory. In fact 
i) compu ted I — V phases in very weak lines forming below h ~ 100 km are greater t han 

those observed, > 90° agains t < 60° (e.g. Deubner , 1989); 
ii) c o m p u t e d / oscil lations in the line wings are s t ronger t h a n those in the line core, bu t 
the oppos i te is observed (Marmol ino and Stebbins , 1989, their Fig. 3); 

iii) c o m p u t e d and observed frequencies disagree significantly for higher degree modes which 

are confined in the very surface layers (Chr is tensen-Dalsgaard et al . , 1985). 

To solve point iii) the use of an improved equat ion of s t a t e appears promising 

(Chr i s tensen-Dalsgaard et al . , 1988). How this could help in the cases i) and ii) has not 

yet been invest igated. 

T h e theoret ical resul ts i) and ii) are based on an oscillation model which considers 

l inear pe r t u rba t i ons p ropaga t ing in a compressible med ium, assumed to be a perfect gas 

s tably stratif ied, and d a m p e d by rad ia t ion according to the Spiegel 's formula (Marmol ino 

and S tebbins , 1989). T h e result ing vertical velocity V, t e m p e r a t u r e pe r tu rba t ion Τ and 

pressure pe r t u rba t i on Ρ are , in an a tmosphere character ized by a cons tan t scale height Η, 

sound velocity c, and radia t ive decay t ime r r : 

V = vz - v0exp(^- + i((jüt - kTx ψ kzz)) (1) 

251 

J. O. Stenflo (ed.), Solar Photosphere: Structure, Convection, and Magnetic Fields, 251-254. 
© 1990 by the IAU. 

https://doi.org/10.1017/S0074180900044181 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044181


252 

T = S T (7 - 1)ω(1 + tar) 
{±kM + i{— -

1 Ski 
(2) 

Τ {ω2 - c 2Jfc 2)(l + c* 2 r 2 ) h± Ίω
2Η 

Ρ (ω2 - c2k2j(l + ct2r2) 

δΡ _ 7w ( l + t a r ) 
ψ akz)) - V (3) 

wi th h± = 2 # / ( l ± 2i7Ä: t), a = l / ( 7 w r r ) , r = (7a; 2 - c 2 Ä; 2 ) / (a ; 2 - c 2 fc 2 ) , and Λ, + ί*,· t he 

complex vert ical wavenumber ; in the double signs the upper and lower one corresponds to 

upward and downward phase p ropaga t ion respectively. 

In an effort to specify the origin of the discrepancies between theory and observat ions , 

we s t a r t ed a review of the model analysing i ts forecasts on a wider a rea of t he k — ω d i ag ram 

t h a n t h a t one where the 5-minute oscillations are confined. Th i s work has revealed itself 

fruitful leading t o the identification of well defined areas with different phase relations in 

the evanescent part of the k — ω diagram. 

T h e pre l iminary resul ts we present here refer t o waves whose progressive p a r t carries 

energy upwards all over the k-ω d i ag ram. 

2 Results 

A contour m a p of the Τ - V phase differences shows clearly the existence of two regimes 

in the evanescent pa r t of the diagnost ic d i ag ram (Fig. l b ) : 

zone a , where 90° < φτν < 180° and most of the 5 minu te oscil lations are confined; 

Φτν = 90° wi thou t rad ia t ive damping ; 

zone b, where φτν < 0°; φτν = - 9 0 ° wi thou t rad ia t ive damping . 

T h e walls of zone b are sha rp and mark a j u m p of a lmost ± 1 8 0 ° in the phase (exactly 

180° in t he ad iaba t ic case) . Radia t ion damping fixes also the phase offset, 0° wi th damping , 

- 9 0 ° w i thou t . T h e walls coincide wi th the lines labelled Lm and / on the k-ω d i ag ram 

in Fig. l a , which have the equa t ions k\ — ω2 je2 · (η2ω2τ2 + η)/{Ί2ω2τ2 + 1) and ω2 = gkx, 

respectively, where g is t he solar surface gravity. 

T h e equat ion for Lm is the real pa r t of the dispersion relat ion for pure acoust ic waves 

in t he presence of rad ia t ive damping (e.g. Miha las and Miha las , 1984 thei r Eq. 101.11). 

O n th is line the denomina to r of the Eqs . (2) and (3) gets i ts m i n i m u m values and the 

topology of the surface represent ing the Τ and Ρ ampl i tudes relat ive t o V over t he k-ω 

d i a g r a m is domina t ed by the peaks occuring along it (Fig. l c for the Τ p e r t u r b a t i o n ) . In 

absence of damping the denomina to r of Eqs. (2) and (3) is zero, reduces to t he dispersion 

rela t ion of Lamb waves (curve L in Fig. l a ) , and corresponds to vanishing vert ical velocity. 

T h e equa t ion for / defines the fundamental mode. On th is line and for the waves 

carrying energy upward the Τ ampl i tude vanishes for kx < 1/2H (Eq. 2) . Th i s behaviour 

is clearly seen b o t h in t he Τ - V phase j u m p and in the contour m a p s involving the Τ 

ampl i t ude (Figs. l c , d ) . 
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T h e differentiation between the two evanescent zones is lost in t he Ρ — V phase 

differences, since the phase j u m p on the fundamental mode d i sappears and φρν ~ —90° 
wi th and w i t h o u t damping in b o t h the zones. 

T h e evanescent a rea a t kx < 1/2 Η is also character ized by a general increase of the 
a m p l i t u d e of Ρ relat ive to T. Th i s relat ive increase is s t reng thened by rad ia t ion damping 

which reduces significantly the Τ ampl i tudes and smoo ths only Ρ ampl i tudes . 

F igure 1. window (a): k-ω d i ag ram for Τ = 4900°Κ, in presence of radia t ive damping , 

r r = 15s. Solid line corresponds t o k\ - k? = 0; dashed lines are the fundamental mode, 

labelled / , t he modified Lamb waves, L m , and the adiabatic Lamb waves, L. window (b): 

contour m a p of the Τ - V phase differences; window (c): contour m a p of the Τ ampl i tude 

relat ive t o V\ window (d): contour m a p of t he Ρ ampl i tude relat ive to Τ. 

3 Conclusions 

Analys ing the forecasts of the photospher ic oscillation model on the k-ω d i ag ram we 

found t h a t t he Lamb waves appear to be modified by the rad ia t ive damping , and t h a t 

these modified Lamb waves and the fundamental mode are dividing lines in the phase 

relations between the different pe r tu rba t ions . Along these lines the vertical velocity and 
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the t e m p e r a t u r e p e r t u r b a t i o n get their m in ima respectively. 

T h e t r ans i t ion between z o n e a , of the ordinary 5 minu te modes , and z o n e b , confined 

between fundamental mode and Lamb waves, has probably already been observed in the 

phase spec t r a of Schmieder (1976), Lites and C h i p m a n (1979), Staiger (1984), and Deubner 

and Fleck (1989). 

Pressures higher t h a n t e m p e r a t u r e s are a possible source of discrepancy between the-
ory and observat ion for the 5-minute modes . In fact since each pe r t u rba t i on has an am-

pl i tude increasing wi th height , oscil lations s t ronger in the line wings t h a n in the line core, 
as provided by theory, should imply core oscil lations leaded by t e m p e r a t u r e and wing 
oscil lat ions leaded by pressure. 

We are comple t ing th is work considering waves whose progressive p a r t carries energy 
downward . T h e model has t o be improved allowing for complex hor izontal wavenumber to 
define proper ly the modified Lamb waves. Finally, we plan t o co mp u t e theoret ical phase 
spec t r a for specific lines, which are directly comparab le wi th observat ions , including the 
a tmospher ic t e m p e r a t u r e s trat i f icat ion and transfer effects. 
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