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Abstract. We simulate the effect due to a latitudinal differential lotation on a Hel Λ4471 
absorption line. The effect can produce an emission-like reversal in the line core. 

1. Introduction 

Central emission-like reversals in some absorption lines of a number of B-
type stars have been reported by Baade (1990). Baade (1990) and JefFery 
(1991) studied the possibility of producing this emission through the gravi-
tational darkening effect. In this paper we present a simple geometrical effect 
related to a latitudinal differential rotation on the stellar surface which can 
also be responsible for shallow absorption profiles or even for emission-like 
reversals. 

2. The model 

To clearly distinguish this effect from that discussed by Baade (1990) and 
JefFery (1991), we suppose that the effective temperature and gravity are uni-
form over the stellar surface and we neglect any stellar geometrical deforma-
tion. The simulation of a latitudinal differential rotation is performed using 
a conservative angular velocity law Ω(τ37) oc τσ~2[1 — (1 — m^) 2 / 3 ] (m^ is 
the fractional stellar mass inside a cylinder of radius τσ) which results when 
a star contracts conserving angular momentum by cylindrical shells. Note 
that rapidly rotating early-type stars may look like Jupiter (Zahn 1983). For 
laws of the type Ω = Ω(τϊ7), lines of constant radial velocity C = Ω (τσ)η sin i 
= const, (η is the horizontal coordinate in the stellar disc projected on the 
sky and perpendicular to the line of sight) are not straight ones as for rigid 
rotation (Ω = constant), but they are curved ones, and some of them are 
closed (see Fig. la). Also, the maximum radial velocity is not on the limb 
at the equator, but at a point where Θ[Ω(τσ)η]θη = 0. 

3. The effect 

Classical rotational broadening of a spectral line results as a consequence of 
a Doppler displacement, where the contribution to the absorption at each 
wavelength is proportional to the length of the respective line of constant 
radial velocity on the projected stellar disc. Our effect follows the same logic, 
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but the length of C curves varies from a relative maximum at the centre of 

the stellar disc (which produces the central emission), passes through an 

absolute maximum (which produces the maximum absorption), and then, 

decreases toward zero where [(Ω(τσ)η sin i)]Max = V sin i. An example of 

rotationally broadened profile of Hel Λ4471 for V sin i = 100 km s"1 (Teff = 

20000 K, log g = 4.0) is shown in Fig. lb. Allowing for the gravity darkening 

effect, the emission-like reversal can be more or less contrasted depending 

on the sensitivity of the line to the temperature and to the gravity. It is 

expected that time dependent Ω(Έ7, t) laws will introduce variable emission-

like components. Such an effect may also be due to superimposed horizontal 

currents in the stellar surface. When the ratio r = K / | W | (K : rotational 

kinetic energy; W: gravitational potential energy) is < τ < 0.10 (τ/* : 

ratio for critical rigid rotation < 0.008) the strong polar deformation of the 

star introduces a double-valued problem for the V sin i parameter (Zorec et 

al. 1988). 
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Fig. 1. a) Curves C of equal radial velocity at t = 30°. Ρ : stellar pole; ± M points of 
radial velocities ± Y Max sin i. b) ( — ) : broadened profile of the Hel Λ4471 line for Y Max 
sin i = 100 km s - 1 ; ( . . . . ) : profile broadened by a rigid rotation and same V sin i. 
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