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ABSTRACT. A model for stellar convection zones based on linear convective modes using a nonlocal 
mixing length theory is developed to study the spectral Une asymmetries and the line shifts resulting 
from convective motions in the stellar photospheric region. The amplitudes of these linear convective 
modes is estimated by requiring the convective flux due to a linear superposition of such modes to 
reproduce the convective flux in the mixing length model. To study the spectral line asymmetries 
the convective mode with the largest amplitude in the photospheric line formation region is chosen 
to represent the stellar velocity field and the accompanying intensity fluctuations. Synthetic spectral 
line profiles are obtained by suniming locally symmetric profiles over the stellar disk according to 
the local Doppler velocity and intensity fluctuations. The resulting line bisector shapes and the Une 
shifts are compared with observations for α-Cen B. It is found that while the simple model proposed 
here can explain either the line shifts or the line bisector shape reasonably well, it fails to explain 
both these characteristics simultaneously. 

1. Introduction 

T h e a s y m m e t r y a n d t h e accompanying line shift in t he solar photospher ic lines has been 
known for qui te some t ime . These shifts and asymmetr ies have been ascr ibed to t he cor-
re la ted velocity a n d br ightness p a t t e r n s due to solar convection. Several s tudies have been 
m a d e t o de tec t asymmetr ies in o ther s tars a n d some resul ts have been ob ta ined (Gray and 
Toner 1985, Drav ins 1987). T h e a symmet ry can b e mos t conveniently character ized in 
t e r m s of t h e line bisector which is t he loci of po in t s midway be tween equal in tensi ty po in t s 
on e i ther side of t h e line. 

A n u m b e r of a t t e m p t s have been m a d e to mode l t h e convective mot ions in s ta rs to 
reproduce t h e observed asymmetr ies . These models can b e classified in to two categories. 
F i rs t ly the re are s imple two t o four-s t ream models where t h e stellar surface is divided in to 
two t o four componen t s of different character is t ic br ightness a n d velocity. T h e synthet ic 
line profile is ob ta ined as a s u m m a t i o n of line profiles from these componen t s appropr ia te ly 
weighted for the i r a rea coverage. By choosing the appropr ia t e combinat ions of velocity 
a n d in tens i ty over each of these componen t s it is possible t o mode l a wide variety of line 
bisector shapes . Such models are essentially ad hoc and the pa r ame te r s are chosen t o get 
t h e "bes t " fit to observat ions . 

O n t h e o the r h a n d Drav ins , Lindgren, a n d Nord lund (1981) and Dravins (1988) have 
cons t ruc ted a more sophis t icated mode l of convection zone by actual ly solving t h e set of 
hydrodynarn ic equat ions for solar granula t ion . Because of cons t ra in ts imposed by compute r 
t ime such models have t o be res t r ic ted in ex ten t and hence, all scales of convection can no t 
b e included. However, such models give detai led convective velocity field and hence can 
be used t o cons t ruc t synthet ic line profiles using the equa t ion of radia t ive transfer. These 
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models have essentially no free p a r a m e t e r and can provide a good test for t h e hypothes is 
of convective origin of spec t ra l line asymmetr ies . 

A n t i a a n d Pandey(1989 , hereinafter pape r I) considered a mode l of stellar convection zone 
in t e rms of l inear convective modes . This mode l has t h e advan tage of being simpler t h a n 
t h e full s imula t ion models a n d can provide velocity field over t he ent i re stellar volume. Such 
stellar convection models can give useful insight a b o u t t h e scale of convection in various 
s ta rs which could b e used to const ruct t he three dimensional s imulat ion mode ls . 

T h e l inear convective modes in t he solar convection zone have been s tudied by Ant i a , 
Ch i t re , a n d N a r a s i m h a (1983) and it was found t h a t the re are two peaks in t he g rowth r a t e 
versus hor izonta l wavelength plot which are in a reasonable agreement wi th t he observed 
length a n d t ime scales of g ranula t ion a n d supergranula t ion . T h e l inear s tabi l i ty theory 
used in this approach does no t give t he ampl i tudes of these modes which can only be 
de te rmined b y nonl inear processes. However, it is reasonable to assume t h a t t he convective 
flux will b e t r a n s p o r t e d by a combina t ion of thèse m o d e s . N a r a s i m h a and A n t i a (1982) 
have demons t r a t ed t h a t it is possible t o const ruct a l inear superposi t ion of s tat is t ical ly 
independen t uns t ab l e convective modes which reproduces convective flux as required by 
t h e mix ing l eng th theory over t he ent i re convection zone. T h e resu l t an t vert ical velocities 
were found t o be in a reasonable agreement wi th t h e observed granula r velocities in the 
solar a tmosphere . Th i s m a y no t provide a fully realistic mode l of stellar convection zone 
since i t is based on t h e mixing length theory which itself is uncer ta in to a large ex ten t . 
However, it can provide a reasonable first approx imat ion t o stellar convection zone. 

Since it is no t possible to e s t ima te t h e relat ive phase of each of these convective modes 
which in any case cannot b e cons tan t . Hence, for simplicity we approx ima te t he velocity 
a n d t e m p e r a t u r e fluctuation on the stellar surface as be ing due t o a single convective 
m o d e . For this pu rpose we select t he m o d e wi th largest ampl i tude of velocity and in tens i ty 
fluctuations in t h e photospher ic line format ion region. Using the velocity field provided 
by t h e convection zone mode l we cons t ruc t synthe t ic line profiles b y in tegra t ing over the 
ent i re stellar surface. A t each po in t on t he stellar surface t he line profile is assumed to b e 
symmet r i c , t he ac tua l form being given b y the usua l Voigt function. 

Following this approach A n t i a and Pandey(1989) cons t ruc ted stellar envelope models 
for four s ta rs i.e., t h e Sun, α -Cen A, Arc tu rus and Procyon . T h e resul t ing line bisectors 
were found t o be in a reasonable agreement wi th observed shapes b u t t he line shifts were 
suppressed. In th is pape r t h e s tudy has been ex tended to α -Cen Β and moreover t h e line 
shifts are also included. 

2· N u m e r i c a l R e s u l t s 

Following p a p e r I , a convection zone mode l for α-Cen Β is cons t ruc ted using a mixing 
length of ζ + 409 k m . T h e resul t ing mode l has a convection zone d e p t h of « 2 χ 1 0 s k m . 
T h e l inear s tabi l i ty of th is mode l is s tudied t o find t he convective modes . T h e t u rbu len t 
p r a n d t l n u m b e r is assumed t o b e 0.33 in these calculat ions. T h e g rowth r a t e of these m o d e 
as a function of t h e degree of spherical ha rmonic t is displayed in Fig . 1. I t can be seen 
t h a t the re are two peaks in t h e curve, t he dominan t peak a round t = 400 corresponds t o 
a hor izonta l scale of « 1 0 4 k m while t he secondary peak a round i = 90 corresponds to 
a length scale of « 4.5 χ 1 0 4 k m . T h e corresponding t ime scales are « 16 a n d 130 h r s 
respectively. Hence for α -Cen Β the granules should have a typical l eng th scale of 10 4 k m 
a n d life-time of several hours . 
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To determine t h e ampl i tudes of these modes we 

ob ta in a l inear superpos i t ion which fits t he con-

vective flux assumed in t h e mixing length mode l . 

T h e resul ts are shown in Table 1 which gives t he 

ampl i tude of velocity a n d flux p e r t u r b a t i o n a t the 

level of opt ical d e p t h 0.4. I t can be seen t h a t the 

pe r tu rba t i ons are domina ted by / = 400 convec-

t ive m o d e . Unlike t he case of t he Sun or α -Cen A 

there is no p ronounced secondary peak in these am-

pl i tudes . Fig. 2 displays t h e convective flux profile 

ob ta ined by superposing 14 modes l isted in Table 1. 

This figure also shows the convective flux profiles of 

some of t he individual m o d e s . I t can be seen t h a t 

t h e modes wi th different values of / have peaks at 

different dep ths . Fu r the r , as explained in pape r I 

we can identify t h e mixing length a t a given d e p t h 

wi th t he wid th of flux profile which has peak a t 

t h a t dep th . Fig. 3 displays t he mixing length as 

a function of log P, which can b e compared wi th 

t he wid th of convective flux profiles of individual 

modes marked by circles in the figure. 

Using t h e velocity and flux pe r tu rba t ions due t o t he dominan t convective m o d e the 

synthe t ic Une profiles and bisectors are cons t ruc ted as explained in p a p e r I. T h e resul t is 

shown in Fig . 4 where the bisector is shown on a scale which is t en t imes t he scale for 

line profile. For clari ty Fig. 5 displays t he line bisectors on an expanded scale where t he 

curves have been shifted horizontal ly so t h a t they do no t overlap wi th each o ther . These 

line bisectors can b e compared wi th t h e observed bisectors in Dravins(1987) . I t can b e seen 

t h a t t h e syn the t ic bisectors shape is in general agreement wi th t he observed shapes . 

Whi le for o the r s tars the line shift is no t yet measured , b u t for t he Sun the Une shift is 

known t o b e of order of 400 m s " 1 . For t he five typica l Une bisectors shown for t h e Sun from 

left t o r ight in Fig . 6 (a) of p a p e r I t he calculated line shifts are found t o be respectively 

439 ,313 ,358 ,298 ,202 m s " 1 . Whi le t he m a g n i t u d e of these shifts is comparab le t o t he 

observed values unfor tuna te ly t h e sign is no t correct a n d aU the Unes shown in pape r I are 

red shifted r a t h e r t h a n the observed blue shifted lines. I t is found t h a t if t h e sign of F\/F 

used to cons t ruc t Une profiles is changed t h e n t h e correct sign a n d value of Une shift is 

ob ta ined . However, in this case t he Une bisector essentially gets reflected and hence t he 

shape does no t agree wi th observat ions . I t is no t clear to m e whe ther this discrepancy is 

due to some tr ivial po in t t h a t I have missed in t he calculat ions or is due to t he inadequacy 

of t h e mode l . 

For Q - C e n A t h e red shifts for t he typical profiles given in Fig . 6b of p a p e r I are 834, 

789, 629, 612, 1050 m β " 1 . For Arc tu rus t he values are 169, - 8 6 8 , 170, - 2 5 7 , - 1 0 6 6 m 

s " 1 . T h u s for Arc tu rus it is possible to get b o t h red shifted a n d blue shifted Unes. This 

is p robab ly due t o t h e fact t h a t modes wi th small values of I domina te t h e fluctuations 

a n d for these modes t he values m a y even depend on the or ien ta t ion of axis assumed in t he 

s tudy. For P rocyon all t he typical profiles are blue shifted, wi th b lue shifts of 672, 810, 

1282, 623 a n d 1070 m s - 1 respectively. For α-Cen Β the typical profiles shown in Fig. 5 

are red shifted by 288, 314, 291 , 433 , 319 m s - 1 respectively from left t o r ight . 

T A B L E 1: AmpUtude of convective 

modes a t opt ica l d e p t h = 0 . 4 

i Vr Vh Fx j F 

( m s - 1 ) ( m s - 1 ) 

1 .01 - 2 0 2 x 10 

2 .04 - 6 9 8 x 10 

4 .09 - 9 7 2 x 10 

8 .34 - 1 6 6 2 χ 10 

16 .73 - 2 2 3 2 χ 10 
24 .94 - 2 1 6 3 χ 10 

36 1.76 - 2 7 0 5 x 10 
54 .32 - 3 7 1 χ 10 

80 2.46 - 2 8 3 1 χ 10 
120 19 - 8 2 9 4 x 10 

180 74 - 1 1 8 2 x 10 

270 1600 - 2 5 1 0 4 x 10 

400 1800 - 4 6 0 0 8 χ 10 

450 61 - 2 1 7 4 x 10 
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Fig. 1: The growth rate ω 
(in units of yj^jp) of con-
vective modes as a function 
of the degree of spherical har-
monics / for α-Cen B. 
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Fig. 2: The dashed curves show the 
convective luminosity due to indi-
vidual convective modes for various 
values of ί as a function of log P. 
The continuous curve shows super-
posed convective luminosity profile, 
while dot-dashed curve represents 
the model convective luminosity. 
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Fig. 3: The mixing length 
vs. logarithm of pressure 
for α-Cen B. The width of 
the luminosity profile of 
various convective modes 
is indicated by circles. 
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Fig. 4: Representative synthetic line pro-
file and bisector for / = 400, Vr = 2.5 km 
s " 1 , Vh = - 7 km s " 1 , and Fi/F = - 0 . 1 . 
The horizontal wavelength scale (in veloc-
ity units) refers to the line profile, while 
the ten times expanded upper scale refers 
to the bisector. 

Wavelength 100 m/s 

Fig. 5: Synthetic line bisectors for some typical val-
ues of the amplitudes of convective modes. The curves 
have been shifted horizontally to avoid overlapping. 
The values of (l, V^V^Fi/F) for various curves from 
left to right are: (400, 2.5, - 7 , -0 .1 ) , (400, 2, - 8 , 
-0 .1 ) , (400, 1.5, - 7 , -0 .2 ) , (400, 2, - 7 , -0 .2 ) , (400, 
2, —6, —0.2). Here Vr and Vn are in km s - 1 . 
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