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Abstract. The influence of the so—called “reflection effect’L. Introduction
(mutual illumination in a close binary) on the gravity— . . o .
brightening exponentd) is studied using the UMA (Uppsalaln order to improve the results obtained by eclipsing binary

Model Atmosphere) code. The model is applied to convecti\ll'ght curve models, and to avoid the multiplicity of solutions,

grey (in the sense of continuum—only—opacity) and non—grg is convenient to keep as many parameters as possible fixed

(ine bianketed) mospheres Wi < Ty < 700K, * X 17 obseuedoreoretea vles. e ravy brgening
illuminated by grey and non-grey fluxes. The results for gr P b Y

atmospheres illuminated by grey or non—grey fluxes are v% be equal to the theoretical valge= 0.32 (Lucy L1967),3

ry. ) )
similar. In this case mostly depends on the amount of incidereli?Xlng defined by the equation

energy and on the illumination direction, apart from the depes- q°, 1)

dence on the effective temperature already discussed for non-

illuminated models in a previous work (Alencar & Vaz 1997)proposed by von Zeipel (1924) for radiative atmospheres.

The existence of a maximum in thT.¢) relation is due to In Alencar & Vaz (1997, hereafter Paper I) it was shown

the interplay between the convection and opacity propertiestbét the gravity—brightening exponent of a non-illuminated con-

the models. The external illumination increases the valugs ofvective atmosphere depends on the star’s effective temperature,

that is, the larger the amount of incident flux the larger the valliecy’s result being a good approximation only as a mean value

of the exponent. This effect is caused by the “quenching” &dr non-illuminated atmospheres. In Paper |, where a brief re-

convection as the external illumination heats the surface layeisw of the observational and theoretical work on the gravity—

of the illuminated star, thus bringing it closer to radiative equirightening effect was presented, it was also demonstrated that

librium, where( is close to unity. We provide a polynomial fitexternal illumination tends to increase the valugiof

to the variation of3 with the fundamental parameters, in order External illumination is significant in many eclipsing bina-

to make it possible to easily account for the effect in light curwées, as evidenced by the conspicuous “reflection effect” in their

synthesis programs. light curves. Nevertheless, until now, no particular attention has
For line—blanketed illuminated atmospheres there is &een paid to its influence on thitexponent. Our goal in the

additional dependence on the effective temperature of thesent study is to clarify the dependenceédaih external illu-

incident flux (the heating temperature). This is related to timgination.

overall wavelength dependence of the spectral line opacity. In Sect[2 we describe our method and study the cases of grey

Particularly in the UV, the line opacity is so strong thaand non—grey convective illuminated atmospheres, presenting

it prevents a significant amount of the incident flux fronthe results (for the grey case) as a polynomial expression. Fur-

penetrating to the continuum formation layers. The quenchitiger, we explain why3 has a maximum in th&.g interval

of convection by the external illumination and the relatestudied. We discuss the results in Sgct. 3, and summarize our

increase ofj are thus partly prevented. conclusions in Sedi] 4.

Key words: stars: atmospheres — stars: binaries: close — sta&s:The atmosphere model

binaries: eclipsing — stars: fundamental parameters — stars: g&a-use the Uppsala Model Atmosphere (UMA, Gustafsson et
eral al.l1975, Bell et al. 1976) code, in a version by Vaz & Nordlund
(1985), as described in Paper |. The code is intended for cool
(3500K < To¢ < 8000 K) atmospheres, and assumes hydro-
Send offprint requests tb.P.R. Vaz static equilibrium, a plane—parallel structure, and local thermo-
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dynamic equilibrium. Convection is modeled with the mixing B “(‘)‘g‘ ‘g‘ luminated

length recipe. | 50
An illuminated model is defined by its effective tempera-
tureT.g, its surface gravitational acceleratignmixing length
parametery = [/ Hp, and chemical composition (fixed at solar
abundance in this work). The external illumination is param-
eterized by the direction of illumination (the cosine of the
incidence angle with respect to the surface normal), the effec- 4-0
tive temperature of the illuminating stdf, and its apparent ;
radiusry, (the ratio between the radius of the illuminating stap
and the distance from its centre to the surface of the reflecting |
star). The mixing length parameter was kept fixed at 1.5 for 3.8

non—illuminated e

oL 4.5 - _ (reference model)
4.0 o=
35 L.

the illuminated models (in Paper | it was shown that the gravity— r M =08 Mg ]
brightening exponent does not depend strongly on this parame- | Teitrer = 4611 K
ter). We refer to models with and without spectral line absorp-  F—————= Tn = 7000 K 1
tion as “non—grey” and “grey”, respectively. The “grey” models 3.6 7" =04 s
include the variation of continuum opacity with frequency (as e A R R s R
in Nordlund & Vaz[1990). We study grey (continuum-only) 3 4 5 6 7 8
and non-grey (line—blanketed) illuminated atmospheres in con- log P(cgs units)

Vectivg eqqiliprium. The Sp?Ctral lines _are t.reated in .th.e Oqlh:g. 1.log T vs. log P for convective grey non-illuminated (solid thin
(Opacity Distribution Function) approximation. The limits ofine) and illuminated models with = 1.5, ;1 = 0.93.

the ODF tables constrain the effective temperature of stars in

this study to arange corresponding to (ZAMS) stars with masses
in the intervalo.6 Mg, to 1.5 M. The values ofl ., T3, and of the relative flux,

Frel,;t = [Th/Teff]4rh2/1'7 (2)

) _ ) used in the present work are representative of values for de-
Starting from a referenceog g = 4.5) non-illuminated model tached, semi-detached, and Algol systems found in the litera-
we adjustl,¢ for illuminated models with the sameg g until ;e (Alencar & Vaz 1999).
the adiabat at the bottom of the illuminated model becomes | Sect[Z:2 we present the results obtained with grey atmo-
equal to that of the reference model. These models represgifere models illuminated by grey and non—grey fluxes. Initially
the illuminated and the non-illuminated sides of the same sigp usedT}, = 3700K, 4500K, 7000K and;, = 10000K to
by having the same entropy at the bottom. We then use {ieck for a possible correlation betwegandT,. However, the
illuminated model witHog g = 4.5 as a reference and follow the;orrelation turned out to be betwegrand the relative flux and
procedure described in Paper | to detemﬁhe_by examining e chose to compute most of the models wiith= 7000 K.
how the total flux of the |IIum!nated models varies WIEEQ. 1). The illuminating non—grey fluxes with, < 7000 K were gen-

Note that our method gives as a function of parameterSerated with the UMA code, while fdf;, = 10000 K we took
that were chosen primarily for convenience of computing stghe fluxes from KurucZ (1979). The grey fluxes were generated
lar atmosphere models, rather than for their direct applicabiliggym a standard grey model (see, e.g. Mihalas 1978). It is worth
to binary systems. Thieg g, 1, andu parameters, for exam- mentioning that, even in our most extreme case of external il-
ple, are interrelated through the value of the radius of the Stgimination (o = 6 700K, Fi = 1.5), the “heated” effective
When applying these resuilts to the study of a particular binagmperature of the illuminated models (keeping the constraint
system, it is necessary to interpolate in our parameter Spagfthe entropy at the bottom) did not exceed the validity limit
to the particular combination of parameter values approprigfeyma, staying withinTheated < 8000 K.
to a given point on the stellar surface. The resulting values of |y sect{Z.8 we give tehe results obtained with non—grey at-
the gravity—brightening exponent will vary between points omospheres illuminated by grey and non—grey fluxes. In this case

the reflecting stellar surface, a property that is shared with thgjoes depend ofi,, andF.; , alone is no longer sufficient to
limb-darkening coefficients, which are also affected by externgbcount for the correlations found.

illumination (Alencar & Vaz 1999).

We used suitable values for the g interval, to reproduce
the range of distortions covered in Paper I. Eg. (1), proposed
von Zeipel[(1924) for atmospheres in radiative equilibrium ansbme of the models obtained with this method are shown in
applied by Lucy[(19677) to stars with convection, proved to g 1. The solid lines represent our reference models (with
a good approximation for all the intervals used. The correlatien 5): the thin line represents the non-illuminated model, while
coefficients in the linear regressions used to deterndin@re  the thick line is the illuminated one. The other models are the
always close to unity (the smallest one found was 0.987).  jlluminated and distorted ones. The relatiori@f T to log P is

2.1. The method

%;. Convective grey (continuum—only) atmospheres
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Fig. 2. B(t, Frel, ., 1v): calculations (grey models) and parametric surfaces (se€lEq. (@) to (6)), presented for 4 valu€seturved grids

represent the parameterization whose coefficients are shown in Table 1, and the points represent the calculations.

the same at the bottom of the atmospheres so that the differ@mbospheres. This is most noticeable for models computed with

models have the same entropy at the bottom, as discussed aklioe&lence direction close to the surface normak(0.93 and

0.67) in Fig[2.
and four values of the an- The general trend revealed in Paper 15dfiaving a maxi-

We calculated models by varyimg andTy, for different val-

ues ofT.g¢ (illuminated atmosphere)

df, is repeated here for all values of

mum for a certain value

0.06943, 0.33001

(= cos@
0.66999 and 0.93057). The correspondihgalues are shown F.; ,,. The maximum shifts to lowéF.¢ with increasing values

in Fig.[2, whereF..1,, (Eq.2), represents the influence of thef F. ,.

gle of incidence of the radiatiom

7F X 103

is the relevant parameter of the illuminated atmosphere. N

Te
that in all panels of Fig.l2 the curve fét.; , = O corresponds

parameters related to the illuminating flux, and

1. The behaviour gf for non-illuminated models

)

to the results of Paper 1 (no external illumination). Note alshe maximum in3(7Tx

) is caused by changes in the convection

ff

convection

because of the high mass densities and low

total energy fluxes. The entropy jump at the surface is corre-

TheS exponent increases with the incident flux, representegondingly small and its changes even smaller, yielding small
by Fl1,, and saturates whef reaches its value for radiative3 when we force the entropy at the bottom of the models to be

’

that3 depends strongly on the amount of external illuminatioand opacity properties of the models. For @iy:

represented by ,. A weaker dependence on the angle o rather efficient

is also visible.

incidence of the external radiation,
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Table 1. c,;; coefficients for Eqs[{4]-{6), corresponding to the para- o RS L»J‘i'/' /
metric surfaces of Fifll2 (grey models). All calculations were per- - S i /s __.,-";/;\/j/ 23
formed with double precision. The number inside parentheses is the ,f'/\/ j’» s Y/ //;-;\\* .
power of 10 by which the entry must be multiplied (e@s0 = 2.00[- 1og g S R Y ,7\J, i 20 &
—0.00186340). N/
—o. 50 I N /A
] roy ! / ! \*i\
a0 390 2 - 'I ;i } '/ I\?,"’ -/',/ 7 ,‘/ 7011 K ]
Colo Col1 Col2 Coi3 S ) P [T ]
boo  1.24496 (0)  7.86878 (1) —3.32836(2) 3.26944 (2) ; T VN Fany WY Koo oo ]
bor —3.37761(0) —7.49532 (1) 3.17539 (2) -3.12273 (2} - N i Ny ]
boo  1.96572(0)  2.82025(1) -1.19617(2)  1.17755 (2§ . 45l YT ] f sz E
bos —4.55033(-1) -5.24475(0)  2.22605 (1) —2.19342 (1) o gl SN A 1
bos 473747 (-2) 4.82560(-1) —2.04876(0)  2.02029 (0) A NV i ]
bos —1.86340(-3) -1.75850(-2) 7.46664 (-2) —7.36785 (-2) S\ /." o E
ai 3.70 A '/./// 3
C110 c11 C112 C113 Flo” ‘-/ L ; s /.
bio —2.62765(0) 3.38727 (3) -1.01772(4)  6.82868 (3) . LT N
b1 —9.75380(0) —3.29553 (3) 9.81068 (3) —6.56626 (3) ;.:-\3\(*"’ Tare ]
bio  8.06846 (0)  1.26666 (3) —3.73692(3)  2.49471(3) >°OF T ¢ T E
bis —2.24768 (0) —2.40423(2) 7.03300(2) —4.68350 (2) e S ]
bis  2.68404(-1)  2.25419 (1) —6.54300(1)  4.34712(1) - o L
bis -1.17767(-2) -8.35587(-1)  2.40850 (0) —1.59682 (0) 4.0 4.5 5.0 Ijjp &0 &3 70
Cato o % o2 Car3 Fig. 3.1og T vs. log P for convective non-grey non-illuminated mod-
bao 1.29112 (2) —9.98733 (3) 2.78101 (4) —1.86921 (4§Is witha = 1.5, o = 0.93 and different values of.s. For each
by —1.12583(2) 9.63611 (3) —2.66734 (4) 1.79080 (4yalue of Te there are 4 models with different valueslog g, which
bos 3.89523 (1) —3.67200 (3) 1.01055 (4) —6.77833 (3atch the entropy of the reference modek(g = 4.5) at the bottom.
b2z —6.70992 (0) 6.91170 (2) -1.89208 (3) 1.26791 (3yhem and e symbols mark theross = 2/3 (Rosseland mean) layers.
boa  5.76212 (-1) —6.42985 (1) 1.75181 (2) —1.17284 (2yhe vertical bars mark the extension of the temperature variation with
bps -1.97307(-2)  2.36651 (0) —6.42031(0)  4.29475 (Ohe differentlog g for eachT,; atTross = 2/3. The length of these bars
as is proportional to3. The thin continuous lines are contourslog
310 Cal Ca12 Cai3 (again shown as Rosseland mean) constant, labelledlfrgm=-2.0
bso —1.95456 (2)  7.51194 (3) -2.01052(4)  1.34888 (4)p 2.5in equal steps of 0.5 dex.
bsy  1.80820(2) -—7.19551(3) 1.91845(4) —1.28727 (4)
bss —6.62234 (1)  2.72277(3) —7.23386(3)  4.85339 (3)
bss 1.20214 (1) -5.09115 (2) 1.34832(3) —9.04429 (2) ) _ )
bss —1.08251(0) 4.70739 (1) -1.24314(2)  8.33660 (1jlustrated by the increase of the extension of the vertical bars
bss  3.87011(-2) -1.72301(0) 4.53872(0) —3.04289 (O)n Fig.[d for T, < 5500 K).
a4 For even highefl.g the influence of the opacity becomes
ca10 can Cal2 Cal3 significant. The temperature dependence @fe. o10g x/010g T)
by  5.85147 (1) -1.64930(3) 4.32086 (3) —2.90577 (3 much largerthanits pressure dependencg (/0 1og P). This
b -5.41777(1)  1.57005(3) -4.10386(3)  2.76141 (3 clear from Fig B, which shows that the contour levels of con-
bz 1.98294 (1)  -5.90521 (2) 1.54029(3)  -1.03671 (3 tantlog x tend to run parallel to thivg P axis, especially as
bss  —3.59233 (0) 1.09786 (2) —2.85819 (2) 1.92392 ( . . !
bu  3.22512(-1) —1.00971 (1) 2.62425 (1) —1.76645 (1 ¢ T increases. The physical reason for this is that en-
bys —1.14890 (-2) 3.67784 (-1) -9.54449 (-1)  6.42438 (-1fers the regime where H is the dominant electron contributor

constant. This can be observed in Elg. 3, where we dbgi’
vs.log P for a set of 5 values df.¢ and 4 values dbg g (Fye; =
0). The effective temperature may be approximated’hy, 3

and where, consequently, hydrogen ionization implies that the
opacity (predominantlyd~) increases very rapidly with tem-
perature. To appreciate how the temperature sensitivityiof
fluencess itis useful to consider the approximatien~ <P/ g,
according to which, ify is increased, it does not take much of
an increase ifl' to compensate for the change. One may derive

(marked in FigiB). The total flux is proportional 4%, and,
eff

using Eq. (1),5 is thus proportional to the total extension of ~ Alog T* 4
AT, _,/3 obtained for eacli.¢ and models wittiog g varying '~ ~
between 3.5 and 5.0 (the vertical bars in Eig. 3).

TheT.s =3900 K models are so adiabatic tias small (the
points atT’;_, /3 almost follow one adiabat). For intermedia
T.g, convection becomes less efficient, with a correspondinﬂE
larger entropy jump near the surface. The stabilizing influen

3)

T Alogg  [olog a1 dlog T’
89 |Gims] + [1+[Giss] |/ her

thhEI'Edlog T/dlog P iS the logarithmic temperature gradient of
Rp model atr = 2/3, and the dependencedfs T/d1og P ON g
as been ignored. HJ. 3 shows tRatoes indeed become small

. e : a1
of convection thus diminishes, and the valuegaficrease (as for large values 0{3135;} K
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As discussed further below (see SEEt. 3), anincreasing exter- _ lluminated grey atmospheres, Ty=569 7K
nal flux tends to extinguish convection. llluminated models thus 1.0 -
tend to approach radiative equilibrium, and heficecreases
as the amount of illumination increases. i

After Paper I was published, Clargt (1998) submitted a work 0.8
dealing with the calculation of the gravity—brightening exponent |
(and of limb-darkening coefficients as well) using a different

atm flux

g 9T,=10000K

approach. By using a modified version of the triangles techniqyeo s - o

(Kippenhahn et al_1967), Claréf{1998) computedalues of I o 9 9ln= 7000K
non-illuminated models for &g interval larger than in Paper I. ¢ g’;“i é;ggi
His results are presented as a function of the logarithm of theo.+ - . 3 :S’T: 2000k ]
model masses, starting at the Solar mass. Considering values at | * o

the ZAMS, the temperature interval 856 < log Tog < 3.85,

covered in our work, corresponds+d).222 < log(m/Mg) < 0.2} h
0.176. Claret's[(1998) results are in good agreement withthose [, ]
from Paper | with respect to the behaviour®in the common 0.0 0.5 1.0 15 2.0
region .81 < log Teg < 3.85) covered by both works. Frel

The lower limit Imog Tog of Claret's models (8.81)is IargerFig. 4. B(Fre1o—0.0306), for grey atmospheres illuminated with grey
than the value for which we found a maximumtiatlog Tess ~  (g) and non—grey (ng) fluxes with different valuesaf The solid line
3.74, Fre1 = 0). However, his calculation of the evolution 8f corresponds to our parameterization given by Egs. (4)lto (6) and the
with age for two of the models does confirm the existence of sugdefficients in Table 1.

a feature (see his Fig. 5, for the evolution of a 2 vhodel off

the Main Sequence, and his Fig. 6. for the evolution of ajl M

model from the Pre-Main Sequence phase). There is no spegjfifminated models. Similar results are obtained for grey models
comment about this behaviour in his work and Claret (199%jth other values of and of ..

interprets the general trendsdrchanges in terms of convection
only. However, as explained above, this behaviour is due to the ) ,
interplay between the convection and opacity properties of the$- Convective non—grey (line-blanketed) atmospheres

models. Using the same procedure asin S&cis. 2.1 and 2.2 we constructed
non—grey atmosphere models illuminated by grey and non—grey
2.2.2. A polynomial approximation fos fluxes. The gravity—brightening exponent values obtained are

close to the grey ones for effective temperatures of the illumi-
The variation of3 for illuminated grey atmospheres is primarilynating starsT},) close to those of the illuminated staf&.).
a function ofTeq, Fre1, andp. In order to easily account for However, for a given illuminated star and a fixed incident flux,
this dependence in light curve synthesis programs, we separaigecreases with the effective temperature of the illuminating
each variable using polynomials: star, showing that there is a dependencg oh T}, beyond the

4 n dependence through the incident flux {;}).

B = Lnotnlt: ) Fry, @ The differences between model atmlospheres illuminated by
where an(t, 1) = Z?:Obnl(/i)tl (5) grey and non—grey fluxes are small r_elative to the differenc_es

between the grey and non—grey illuminated models. Thus, sig-
and by (1) = 2 _ Cmp™, with t = Tg x 1073 (6) hificantchanges of are notrelated to the use of line-blanketed

illuminating fluxes, but rather to the interaction between a line—
The theoretical grid obtained is shown in Hi§. 2, with the valuddanketed illuminated atmosphere and the overall spectral distri-
determined from the atmosphere model overplotted. The 12@ion of the illuminating flux. Representative results are shown
cn1; coefficients obtained with grey models are listed in Table ih Fig.[5, for a particular line—blanketed illuminated atmosphere
The standard deviation of the parametric fibiss 0.022 (26 (T.x = 3697 K) and different illuminating fluxes (a result ob-
models), with no systematic tendencymofvith the incidence tained with a grey illuminated model is shown for comparison).
angle. Due to the numeric operations involved, we advise the Itis clear from Fig[h that at least one more parameter is in-
use of the full precision given in Table 1, in order to keep errofsiencing the results in the case of non—grey illuminated models.
<0.1% when calculating from Eqs.[#){(6). Care must be takerBy comparing the illuminated grey and non—grey models we re-
in any attempt to extrapolate beyond the limits given in Hig. Zlized that the main difference between them is that the spectral

In Fig.[4 we show3 calculated for grey atmospheré3¢ = line opacity prevents part of the incident flux from reaching the

3697 K, =0.9306) illuminated by grey and non—grey fluxes forontinuum formation layers in the non—grey models. Because
different values off}, (3 700K, 4500K, 7 000 K and 10 000 K).most of the spectral line opacity occurs in the UV, an increasing
Our parametric approximation (Eds.[4-6) is also included. Oamount of the incident flux is intercepted for increasing effective
can see thafl does not depend significantly df, for grey temperatures of the illuminating star. The more of the incident
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llluminated non—grey atmospheres, T,=3697K 741 = [
B e e e e e R /D\ R S A B r grey, Fre\zw 5 ]
1.0+ T n N R ]
i 1 3.70F oo T, .
| | E —--non—grey, F =1 ,5\*\»,\“ E
0.8 = 3.651 RN S .
i 1< i . T 1
r 1T = 3.60}——non—grey, Fre\:0'5 _]
L R o r ]
0.6 4 o i ]
« : : 3.55; 7:
- Teff Th ] . 1
0.4 3697K (ng) 10000K (ng) — 3.50 7
L 3697K (ng) 7000K (ng) r b
L 3697K (ng) 4500K (ng) | L ]
3697K (ng) 3700K (ng) 3.45 -
r 3697K (ng) 10000K (g) A R L L L]
0.2~ . 3697K (ng) 7000K (g) —| 3 4 5 5
L m . 3697K (ng) 3700K (g) | g P (cgs units)
| o _._ 3697K (g) 7000K (q) | 9 9
0ol ‘ ‘ 9marey O”‘d ”9:”0”79@‘ Fig. 6.log T vs.log P for convective non—grey non-illuminated (solid
' 0.0 0.5 10 15 20 line) model withTeq = 3697 K and the same model illuminated by

F grey and non-grey fluxes witfi, = 10000 K, x = 0.93 and different
rel relative fluxes. The signs mark the- = 2/3 layers, as in Fif] 3.
Fig. 5. 8(t, Fre1,.), for non—grey atmospheres illuminated by grey (g)
and non—grey (ng) fluxes with different valuesiaf The solid line has

the same meaning as in Fig. 4.
or even intersecting the other). However, if one performs the

calculation, the asymptotic behavior is indeed found also for
flux that is intercepted, the smaller is the influence of the illuhe non—grey illuminated models, with < 1 for Fe ~ 2.2.
mination on the convection. As a consequence, the increasegfthe other hand, Eq(3), in principle, does not preyent 1
B with increasing illumination is reduced in non—grey modelalues. For instance, for an adiabatic ideal gas wittonstant
relative to grey models. and ;%% = 2/5, one would haves = 8/5. For a real gas, if
the opacity increased sufficiently slowly with temperature and
pressure, an@% was sufficiently large, Eq.13) would allow
(£ > 1 values, also.
The values of thes exponent in grey atmospheres illuminated The asymptotic approach to the von Zeipel value of the
by grey and non—grey fluxes are very similar. In these modejsavity—brightening exponent may be understood as follows:
G primarily depends on the effective temperature of the illlWhen a model atmosphere is heated by a large external flux, a
minated star, the relative flux and the illumination directiorsignificant part of the convection is extinguished (hence most
The exponent increases as the relative flux increases, untibfitts original flux vanishes) and the model practically becomes
approaches the von Zeipel valyg € 1) for radiative stars. one in radiative equilibrium, obeying the von Zeipel law asymp-
Non-grey atmospheres illuminated by grey and non—gretically. This is illustrated in Fid.J6 where we show a non—grey
fluxes also have simila$, but for these atmosphergsalso model withT.¢ = 3697 K illuminated by grey and non—grey
depends on the effective temperature of the illuminating stfluxes with7i, = 10000 K and twoF:.; , values. The greater
Ty. Inline with the discussion above, this extra dependence nthg amount of external illumination, the more the model devi-
be thought of in terms of how much of the incident flux reachedes from thdog T vs.log P relation characteristic of convec-
the continuum formation layers of the illuminated atmospherése equilibrium. This happens especially forS 1 and affects
As Ty, increases, thg values decrease, following neverthelesseeper layers as the amount of external illumination increases.
a similar behavior as a function of the relative flux, as can be However, agj, increases, the external heating flux is shifted
seen in Fid.b. towards the UV. Due to the larger photospheric absorption in
Some models in Fi]5 (e.dl.¢ = 3697 K illuminated with UV, the external flux penetrates less into the photosphere of the
T, = 3700K andF;. > 1) haveg values slightly larger than illuminated model, and hence convection is less affected. The
1 (by $3%). These values are consistent with unity within themaller change in convection yields a smalleralue, and the
errors of our method, and may be a numerical artifact. For greffect of increasing the exponent is pushed to higher relative
models theg values return to unity for even larger values ofiuxes. An immediate consequence is that line—blanketed illu-
Fe1, and for non—grey models a similar asymptotic behavioninated atmospheres hagesalues which must depend on the
may be expected. It is somewhat inconsistent to consider moaktal abundance [Fe/H] of the model.
els with large values of}..,; and7}, ~ T.g, though, since the Somewhat more subtle effects could result from the interfer-
geometrical parameters needed would not be physically meanee of spectral line patterns in the illuminating and illuminated
ingful (e.g. the apparent radius would imply one star touchirggars. As a particular case, when similar stars orbit each other in

3. Discussion
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lluminated non—grey C‘JWQSW‘HGS; Teff‘:‘36‘97‘K due to minor differences in the amount of flux in the UV region.

= N ‘ - However, to a good approximation we may assume that the
r 1 penetration factoris related only to the opacity distribution of the
I 1 illuminated model. The surfaces presented in[Hig. 2 may then be
0.8 1 usedtodetermingeveninthe non—grey case, using appropriate
r 1 values for the incident flux and the penetration factor.
I 1 In the presentwork we have concentrated on establishing the
06k _| existence of such a penetration factor, by empirically calculating
w« | 1 it and showing that it is the same for each family of models.
i Tetf T f 7 However, it should be possible to calculgtéom a knowledge
0.4 A 3697K (ng) 10000K (ng) 0.457-] of the effective temperature of the incident flux (amount of UV)
- o 3697K (ng) 7000K (ng) 0.606 1 and of the opacity properties of the atmosphere model in the
i A 3697K (ng) 10000K (g) 0.486 7 upper layers (determining how much of the UV flux that is
ool & o  3697K (ng) 7000k (g) 0.600_| blocked). Studies of how to actually compute this factor for
L o  3697K (g) 7000K (g) 1 each situation are in progress and will be published elsewhere.
[ g=grey and ng=non—grey 7
00 e e 3.2. Possible tests
0.0 0.5 1.0 1.5 2.0
Frel The secondaries of Algol-type systems are convective stars with

effective temperatures around 5000 K and may be used, with

Fig. 7. Penetration factorsf{ for the models presented in Hid. 5. The . . . .
. me caution, to test the gravity—brightening exponents deter-
symbols are the same as in Kif. 5, the larger symbols correspong‘?o dh Th . bl ith Algol ¢ is the t

the corrected relative fluxes. The solid line has the same meaning a fiied here. 1he main probiem wi golsystems IS (he trans-
Fig.@. ter of mass between the components, which frequently causes

distortion of the light curves due to spots on the stars. Neverthe-
less, some of these systems, whose absolute parameters are well-
determined have been satisfactorily fitted with Lucy’s value 0.32

elliptical orbits, the spectral line patterns of the stars will matd#epPt fixed (e.g. TV Cas, Khalesseh & Hill 1992; AT Peg, Maxted
optimally at apogee and perigee, and there will be a correspoREial 1994; HU Tau, Maxted et al. 1995). In Algol-type systems
ing maximum in the amount of illumination of the continuunth IS much greater than the secondary’s effective temperature
layers. For non-zero Doppler shifts the illumination of the cot/h ~ 10000K) yielding a large relative flux i, > 1.0)
tinuum layers will decrease. However, the size of this effect@d consequently a value 6fmuch greater than 0.32, if we
only of the order of the difference between grey and non—gré§e the results obtained with grey atmospheres. But the results

illuminating models. As mentioned above, this difference is, Pfesented in the last section show that, in this céext Ter),
general, small. the value of the exponent decreases substantially from the value

obtained with grey illuminated atmospheres. This is a reassur-
i ing point for our predicteds values, since, even taking into
3.1. The penetration factor account the difficulties in modeling Algols, it is expected from

In light of the discussion of the non—grey results of Ject. 2.3, tHe published results that should not differ very much from
results for grey models obtained in SEci] 2.2 are more gendrdfy's value. In most of the cases the authors had to let the
than they might seem at first sight. The relative fluxes in the nofgflection albedos vary in order to fit the light curves, and the
grey case should be regarded as the effective amount of flux tiegults are albedos greater than those theoretically predicted for
penetrates to the continuum formation layers. We may descrfch stars. Thg exponents assumed in these works are smaller
this effect through a “penetration” factof, that, multiplied thanthey should be according even to our non—grey results, pos-
by the incident flux, gives a new corrected flux that may sably yielding an incorrect determination of the higher reflection
used to interpolatg with the grey parameterization coefficientglbedos.
given in Table 1 1, = fFrel . Total)- FOr grey illuminated As stressed both in Paper | and by Claret (1998), compar-
atmosphereg = 1, while f < 1 for line—blanketed illuminated isons between the theoretical calculations and the empirical de-
models. This interpretation is strictly correct only if there exist§rminations ofs available at present are problematic and incon-
aunigue “penetration” factor for each set of paramefBrg,(Z;, Cclusive, although promising (see Fig. 3 of Paper | and Fig. 7 of
andy.). Fig.[ shows the models presented in Eig. 5. It illustratédaret 1998). A possible test of the results presented here is to fit
that it is indeed possible to find a factgithat brings together the light curves of Algol-type stars using our predictedalues,
all the points for each set of parametéts;, 7, andx to be tosee if it is possible to improve upon earlier results. Such tests
fitted by the parametric curves given by Efs. (4)do (6) and tR&e currently underway, with our results (of this work and Pa-
coefficients of Table 1. perl, fors, and of Alencar & Vaz 1999, for the limb-darkening
Fig[Z shows thaf differs between cases where the incideroefficients) being implemented in a version of the WD model
fluxis a continuum—only (g) or a line—blanketed (ng) one. This{8r light curve synthesis and solution of eclipsing systems (Wil-
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