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ABSTRACT

Context. Profiles of hydrogen lines in stellar spectra are determined by the properties of the hydrogen atom and the structure of the
star’s atmosphere. Hydrogen line profiles are therefore a very important diagnostic tool in stellar modeling. In particular they are
widely used as effective temperature criterion for stellar atmospheres in the range Teff 5500–7000 K.
Aims. In cool stars such as the Sun hydrogen is largely neutral and the electron density is low. The line center width at half maximum
and the spectral energy distribution in the wings are determined primarily by collisions with hydrogen atoms due to their high relative
density. This work aims to provide benchmark calculations of Balmer α based on recent H2 potentials.
Methods. For the first time an accurate determination of the broadening of Balmer α by atomic hydrogen is made in a unified theory
of collisional line profiles using ab initio calculations of molecular hydrogen potential energies and transition matrix elements among
singlet and triplet electronic states.
Results. We computed the shape, width and shift of the Balmer α line perturbed by neutral hydrogen and studied their dependence
on temperature. We present results over the full range of temperatures from 3000 to 12 000 K needed for stellar spectra models.
Conclusions. Our calculations lead to larger values than those obtained with the commonly used Ali & Griem (1966, Phys. Rev. A,
144, 366) theory and are closer to the recent calculations of Barklem et al. (2000a, A&A, 355, L5; 2000b, A&A, 363, 1091). We
conclude that the line parameters are dependent on the sum of many contributing molecular transitions, each with a different temper-
ature dependence, and we provide tables for Balmer α. The unified line shape theory with complete molecular potentials also predicts
additional opacity in the far non-Lorentzian wing.
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1. Introduction

The optical spectra of stars exhibit the Balmer lines of hy-
drogen perturbed by neutral hydrogen, electrons, protons, and
smaller concentrations of other neutral and ionized atoms. When
the surface effective temperature is low the collisional effects
are mainly due to neutral perturbers. Consider, for example, a
Kurucz (1993) model atmosphere, for Teff = 5777 K , log g =
4.44, and a metalicity 1/100th of solar with an enhancement in
α-elements of 0.4 dex (a metal-poor Sun). Under these condi-
tions, a ratio of densities of neutral hydrogen atoms to electrons
nH/ne ≈ 8000, at a Rosseland optical depth of unity, and the con-
tribution of the self-resonance broadening at 5 Å from the line
center of Balmer α is three times larger than that of the Stark
effect. While this ratio decreases with increasing temperature, it
remains larger than that of turn-off stars. Consequently, a reli-
able broadening by neutral hydrogen collisions is a “must” for
stellar diagnostics.

Ali & Griem (1966) calculated the resonance broadening
based on a multipole expansion of the interaction, neglecting
so-called van der Waals interactions. Their work was widely
adopted for use in stellar atmosphere models. Recently, Barklem
et al. (2000a) presented a theory of self-broadening of hydrogen
lines which included long range resonance and van der Waals
effects, especially accurate for the critical long-range interac-
tions responsible for line broadening. When applied to cool
stars the new work resulted in significantly different line pro-
files compared with previous theories (Barklem et al. 2000b).

Nevertheless, discrepancies were noted between these models
and solar and stellar spectra observed at high resolution.

Broadening of the core of Balmer series lines of hydro-
gen by neutral hydrogen collisions has never been measured in
the laboratory. Since the underpinning atomic physics is under-
stood, theoretical models may be progressively improved by in-
cluding more complete representations of the interaction, espe-
cially in the region of atom separations which determine the line
width. Furthermore, the change of radiative transition moment
with atomic separation has a significant effect on the line wings
and also can alter the width. These effects have heretofore not
been included in Balmer line widths used in astrophysical ap-
plications. Our results also show a significant dependence of the
broadening on relative atomic velocity, and as a consequence
demonstrate that an explicit calculation of the line width averag-
ing over the thermal velocity distribution is needed. Tables for
the contributions to the width from representative contributing
molecular states, and sums for the 3d–2p, 3p–2s, and 3s–2p com-
ponents, show that properly averaging over velocity, increases
the width compared to using a mean velocity representative of
the temperature.

For our purposes it is fortunate that H2 is very well studied.
Precise asymptotic energies and transition dipole moments are
known, and remarkable recent improvements in computational
accuracy and speed allow their determination at all atomic sep-
arations for the lower electronic states of H2 that are needed to
understand the Balmer α atomic line. Here we use the recent
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ab initio calculations made by Spielfiedel (2003, 2004, and ref-
erences therein). These potentials give the interaction for all val-
ues of R. They have the correct asymptotes, and their limitations
in accuracy at long range have been studied.

Parallel progress in unified line broadening theory now en-
ables us to calculate neutral atom spectra given the energies and
radiative transition moments for relevant states of the radiating
atom interacting with other atoms in its environment. In a unified
treatment, the complete spectral energy distribution is computed
from the core to the far line wing. The Lorentzian width and
shift can be readily extracted, and the far wing quantitatively ex-
amined, for all of the components that may contribute to a line,
even one as complex as Balmer α. Details of the fundamental
theory are presented in Allard & Kielkopf (1982) and in Allard
et al. (1999).

In the upper atmosphere of the cool stars under consid-
eration, the neutral hydrogen atom density is of the order of
1015 cm−3 in the region of line core formation (Kurucz 1979;
Cox 1999). Under these low density conditions we expect that
the impact approximation will be a good starting point for syn-
thetic spectra, with the understanding that it will not give a cor-
rect line wing. In impact broadening, the duration of the colli-
sion is assumed to be small compared to the interval between
collisions, and the results describe the line within a few line
widths of center. The impact theories of pressure broadening
(Baranger 1958a,b; Kolb & Griem 1958) are based on the as-
sumption of sudden collisions (impacts) between the radiator
and perturbing atoms, and are valid when frequency displace-
ments ∆ω=ω − ω0 and gas densities are sufficiently small. One
outcome of our unified approach is that we may evaluate the dif-
ference between the impact limit and the general unified profile,
and establish with certainty the region of validity of an assumed
Lorentzian profile.

In Sect. 2.1 which follows, we review briefly the unified the-
ory we use to evaluate the line shape in the context of the present
study, and the limitations set by the potentials and transition mo-
ments. In Sect. 3, we summarize the results obtained for temper-
atures 3000 to 12 000 K, and compare widths with our methods
to the values obtained in the Ali & Griem (1966) theory, and the
work of Barklem et al. (2000a,b).

2. General expression for the spectrum

2.1. Unified theory

Our theoretical approach is based on the quantum theory of spec-
tral line shapes of Baranger (1958a,b) developed in an adia-
batic representation to include the degeneracy of atomic levels
(Royer 1974, 1980; Allard et al. 1994).

Although our unified theory has been developed in Allard
et al. (1999), and a detailed discussion is presented there, we
review here the main results. The fundamental expression of the
normalized spectrum is given by

I(∆ω) =
1
π

Re
∫ +∞

0
Φ(s)e−i∆ωsds. (1)

The dipole autocorrelation function for a perturber density np is

Φ(s) = e−npg(s), (2)

where decay of the autocorrelation function with time leads to
atomic line broadening.

For a transition α = (i, f ) from an initial state i to a final
state f , we have

gα(s) =
1∑(α)

e,e′ |dee′ |2
(α)∑
e,e′

∫ +∞
0

2πρdρ
∫ +∞
−∞

dx d̃ee′[ R(0) ]

×
[
e

i
�

∫ s

0
dt Ve′e[ R(t) ] d̃∗ee′[ R(s) ] − d̃ee′[ R(0) ]

]
. (3)

This expression depends on an adiabatic approximation at the
one-perturber level, in which we neglect the effect of transitions
induced between different electronic states. As explained in the
theoretical development by Allard et al. (1999), the neglect of
this effect is not expected to be significant for neutral collisions
such as we consider here. Barklem et al. (2000b) also discuss
this point, and suggest that because the duration of the collision
is so short compared to the time scale for internal atomic pro-
cesses, �-changing collisions will not affect the line width. We
do, however, allow for variation of the transition moment during
the collision which takes into account the mixing of atomic states
resulting from the pseudo-static interaction with the perturbing
atom.

The e and e′ label the energy surfaces on which the inter-
acting atoms approach the initial and final atomic states of the
transition as R → ∞. The asymptotic initial and final state ener-
gies are E∞i and E∞f , such that Ee(R)→ E∞i as R→ ∞. We then
have R-dependent frequencies

νe′e(R) ≡ (E′e(R) − Ee(R))/h , e ∈ εi, e′ ∈ εf (4)

which become the isolated radiator frequency νif when per-
turbers are far from the radiator.

For the ni = 2, and nf = 3 levels there are many energy sur-
faces which lead to the same asymptotic energy at R → ∞, be-
tween which, finally, there are 36 allowed molecular transitions
which contribute to Balmer α.

The total line strength of the transition is
∑

e,e′ |dee′ |2. The
radiative dipole transition moment of each component of the line
depends on R, and changes during the collision. At time t from
the point of closest approach for a rectilinear classical path

R(t) =
[
ρ2 + (x + vt)2

]1/2
, (5)

where ρ is the impact parameter of the perturber trajectory, and x
is the position of the perturber along its trajectory.

In the present context, the perturbation of the frequency of
the atomic transition during the collision results in a phase shift,
η(s), calculated along a classical path R(t) that is assumed to be
rectilinear. The phase shift is

η(s) =
i
�

∫ s

0
dt Ve′e[ R(t) ] (6)

where ∆V(R), the difference potential, is given by

∆V(R) ≡ Ve′e[R(t)] = Ve′[R(t)] − Ve[R(t)], (7)

and represents the difference between the electronic energies of
the quasi-molecular transition.

An atomic line broadened by collisions in a low density gas
has a Lorentzian profile near the line center which can be re-
lated to the Fourier Transform of a radiative wave in which short
duration collisions produce sudden phase changes. In the theory
of impact broadened line shapes the phase shifts are given by
Eq. (6) with the integral taken between s = 0 and ∞. At suffi-
ciently low densities of the perturbers the symmetric center of a
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Fig. 1. Molecular potentials for H2 correlated to the 3d and 2p singlet
states of atomic H. The energies from Spielfiedel et al. (2004) are given
relative to the asymptotic atomic state. See Table 4 for transition iden-
tifications.

spectral line is Lorentzian and can be defined by two line param-
eters, the width and the shift of the main line. These quantities
can be obtained in the impact limit (s→ ∞) of the general calcu-
lation of the autocorrelation function (Eq. (3)). In the following
discussion we refer to this line width as measured by half the full
width at half the maximum intensity, what is customarily termed
HWHM.

2.2. Molecular potentials and dipole moments

The potentials and radiative dipole transition moments are input
data for a unified spectral line shape evaluation. For the com-
plete Balmer α resonance line profile we have plotted in Figs. 1
and 2 the potential energies correlated to the 3d and 2p states as
computed by Spielfiedel et al. (2004). The 20 transitions which
generate the 3d–2p component provide the main contribution
to Hα line broadening. See Table 4 in the Appendix for tran-
sition identifications. In the table for each transition we give the
asymptotic d2 in atomic units, the square of the radiative electric
dipole transition moment of the atomic transition.

3. Results

Previous calculations by Barklem et al. (2000a,b) predict a line
width which increases with temperature in contradiction to the
Ali & Griem (1966) theory. They explain this different behav-
ior in their calculations by the increasing departure at decreas-
ing R from the purely R−3 dependence of the interaction on
the interatomic separation which was the basis of the Ali &
Griem (1966) work. An important feature of their new theory
is that the dispersive-inductive components of the interaction
(van der Waals force) have been included accurately. Our cal-
culations do this as well, and we include addtionally the depen-
dence of the radiative dipole transition moment on interatomic
separation. To this end, we employ the complete set of molecu-
lar potentials for the states contributing to the transition. These
potentials are precisely accurate at small and intermediate R, ver-
ified by consistent agreement with other a priori evaluations, and
with experimentally determined stable states of H2. Spielfiedel
et al. (2004) also have shown that while the potentials may have
lower precision at long range, they exhibit the correct asymptotic
behavior.
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Fig. 2. Molecular potentials for H2 correlated to the 3d and 2p triplet
states of atomic H. The energies from Spielfiedel et al. (2004) are
given relative to the asymptotic atomic state. See Table 4 for transition
identifications.

To verify if the long range interaction is solely the most
important region of the potential determining the line width in
broadening due to collisions between two neutral atoms, Allard
& Biraud (1983) studied the effect of the different regions of the
interaction on the line profile using a two-step potential. They
demonstrated that the width is given mainly by the strong inter-
action typically when atoms are close, rather than the very long
range part. This was the fundamental physical idea of Weisskopf
(1933) who considered that the broadening arises essentially
from collisions which cause phase changes η greater than 1.
Their result confirmed studies by Roueff & Regemorter (1969)
and by Lortet & Roueff (1969) of collisions with light atoms
whose polarizability is small. It was shown by them that the
width of spectral lines due to collisions with hydrogen atoms
arises not only from the Van der Waals dispersion forces but sig-
nificantly from interactions at an even shorter range. On the other
hand, since the shift is mainly due to a weak interaction of dis-
tant perturbers, the description of the line core requires knowl-
edge of the long range asymptotic potential. These results have
been pointed out before by Sahal-Bréchot (1969) and Roueff &
Regemorter (1969). The immediate consequence for this case is
that we expect the resonance broadening of atomic hydrogen will
depend on the interactions of colliding atoms not only at large R,
but at intermediate and small R as well.

To show how different this variation is among the individual
transitions, we selected 6 transitions contributing to Balmer α
which have the largest line widths and show the results for indi-
vidual triplet transitions in Table 1 and Fig. 3. The line param-
eters depend on ∆V(R), the difference between the ground and
excited state interaction potentials. Figure 4 shows the general
behavior over all R. A more detailed view at intermediate R is
shown for a few states in Figs. 5 and 6. The complexity of the
small change in the potential difference as the atoms approach
from a long range asymptotic behavior into the strong interac-
tions usually associated with bound states and chemical reac-
tions produces phase shifts in unbound transient collisions, and
contributes to the line width. These contributions cannot be ad-
equately evaluated without knowledge of the details of the be-
havior at intermediate R. It is this behavior that requires use of
complete potentials in the line shape calculation in order to be
confident that the line width is accurately determined.
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Table 1. Variation of the half-width at half maximum intensity (HWHM) (10−8 rad s−1 cm3) with temperature computed with v̄ for the 6 strongest
triplet transitions of the 3d–2p component.

HWHM Upper Lower 5000 6000 7000 8000 9000 10 000 11 000 12 000 d2

Level Level

r–f 2–3Πg 3–3Σ+u 0.391 0.401 0.408 0.415 0.422 0.429 0.435 0.439 4.5
du–i 1–3∆u 1–3Πg 0.377 0.364 0.350 0.343 0.332 0.329 0.321 0.314 9
k–a 3–3Πu 1–3Σ+g 0.289 0.279 0.271 0.264 0.258 0.252 0.248 0.244 4.5
j–c 1–3∆g 1–3Πu 0.276 0.264 0.252 0.242 0.233 0.225 0.218 0.213 9
p–f 4–3Σ+g 3–3Σ+u 0.26 0.261 0.263 0.265 0.266 0.267 0.269 0.270 6
b5–a 5–3Σ+u 1–3Σ+g 0.245 0.246 0.245 0.244 0.242 0.241 0.241 0.241 6.
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Fig. 3. Variation of the line width (HWHM) per perturber with temper-
ature for the 6 strongest transitions of the 3d–2p component.
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To study the influence of temperature we investigated the ef-
fect of averaging over velocity in the theoretical evaluation. It
has been common practice to use a single fixed mean velocity v̄
in the calculation of impact broadening, as was done by Ali &
Griem (1966). Barklem et al. (2000a,b) fit the dependence of
the cross section on v to a power law and average analytically.
In our work this averaging was done numerically by performing
the calculation for different velocities and then thermally aver-
aging with 24-point Gauss-Laguerre integration. Table 2 reports
the line widths determined with averaging over the velocity, and
with using an average velocity, for the entire profile, and also
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Fig. 5. Potential difference for the j–c and du–i triplet transitions con-
tributing to Balmer α.
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tributing to Balmer α.

details the contributions from the different 3d–2p, 3p–2s and 3s–
2p components of Balmer α.

Figures 7 and 8 show respectively the variation of the line
width and the line shift with temperature for the different compo-
nents 3d–2p, 3p–2s and 3s–2p contributing to Balmer α. There is
a slight non-linear 11% increase in width with temperature from
3000 K to 12 000 K evident in the calculations done by averag-
ing over velocity. Averaging over velocities also increased the
width by about 15% compared to using a mean velocity for the
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Table 2. Variation of the half-width at half maximum intensity (HWHM) per perturber (10−8 rad s−1 cm3) with temperature. Total Hα and contri-
butions of the 3d2p, 3p2s, 3s2p components.

HWHM 3000 4000 5000 6000 7000 8000 9000 10 000 11 000 12 000
Total H α v̄ 3.45 3.47 3.51 3.53 3.54 3.57 3.61 3.65 3.67 3.67

aver 4.03 4.14 4.21 4.26 4.3 4.35 4.4 4.43 4.45 4.49
3d–2p v̄ 2.95 2.91 2.89 2.87 2.85 2.85 2.84 2.84 2.83 2.82

aver 3.51 3.55 3.58 3.58 3.59 3.60 3.60 3.61 3.61 3.62
3p–2s v̄ 0.41 0.45 0.51 0.55 0.57 0.61 0.65 0.68 0.71 0.72

aver 0.43 0.48 0.52 0.56 0.59 0.63 0.66 0.69 0.71 0.73
3s–2p v̄ 0.09 0.09 0.10 0.11 0.11 0.12 0.12 0.13 0.13 0.13

aver 0.1 0.1 0.11 0.12 0.12 0.13 0.13 0.14 0.14 0.15
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Fig. 7. Comparison of the line width of the contributions of the differ-
ent components, 3d–2p, 3p–2s and 3s–2p, due to H-H collisions with
temperature in the different approaches using a single velocity v̄ and
averaging over velocity. (—) Total of all contributions averaged over
velocity; (◦ ◦ ◦) total using v̄; (− · · − · · −) 3d–2p only, averaged over
velocity; (�) 3d–2p only, using v̄; (− − −) 3p–2s only, averaged over ve-
locity; (�) 3p–2s only, using v̄; (· · ·) 3s–2p only, averaged over velocity;
(
) 3s–2p only, using v̄.

calculations. Also, the results from a mean velocity are nearly
independent of temperature because the contribution from the
3d–2p transition decreases with temperature. When averaging
over velocity, there is a very slight increase with temperature for
this component. We conclude that because of these subtle ef-
fects, averaging velocity is quite important to obtain an accurate
Balmer α line core. In Fig. 9 we have plotted the contributions
of the singlets and of the triplets to the 3d–2p component. The
significance of averaging over velocity is apparent in each con-
tributing transition.

Our calculations are compared with those of Ali et al. in
Fig. 10, and in Table 3, where the values of Barklem shown
were extracted from Fig. 3 of Barklem et al. (2000b). Our cal-
culations agree with the results of Barklem et al. (2000a,b) that
the commonly used Ali & Griem theory very significantly un-
derestimates the line width of Balmer α. The data shown in the
figure also illustrate the necessity of including the entire com-
plex structure of Balmer α to obtain at the correct width that is
useful in stellar models.

In Fig. 11 we compare our calculation of the complete uni-
fied theory line profile using Eq. (3) to the Lorentzian profile
using the impact limit. As noted by Barklem et al. (2000b), the
impact approximation is not valid outside 7 Å from the center for
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Fig. 8. Comparison of the line shift of the contributions of the differ-
ent components, 3d–2p, 3p–2s and 3s–2p, due to H-H collisions with
temperature in the different approaches using a single velocity v̄ and
averaging over velocity. Same symbols as in Fig. 7. (—) Total of all
contributions averaged over velocity; (◦ ◦ ◦) total using v̄; (− · · − · · −)
3d–2p only, averaged over velocity; (�) 3d–2p only, using v̄; (− − −)
3p–2s only, averaged over velocity; (�) 3p–2s only, using v̄; (· · ·) 3s–2p
only, averaged over velocity; (
) 3s–2p only, using v̄.

the density of nH = 1×1018 cm−3 used in this example. The uni-
fied theory profile includes the contributions of radiative transi-
tions during collision, sometimes termed quasi-molecular spec-
tra. These events add to the wing of the line, and are an additional
source of opacity for stellar atmospheres (Allard et al. 2004).
The Lorentzian profile shown in the figure is a useful represen-
tation of the unified line shape from 6540 to 6580 Å.

It is interesting to check the influence of the moderate change
of our results with respect to those of Barklem et al. (2000), on
the fit of the Hα profile in the solar spectrum. Figure 12 shows
this comparison, made with the same solar MARCS model, and
the observed solar spectrum of Kurucz-Furenlid (2005). The dif-
ferences between the two theoretical profiles obtained with the
data of this paper and the Barklem data are very small, but nei-
ther give a very good fit with the observations, especially below
6570 Å. However, the theoretical profiles are very model de-
pendent, as shown in a similar comparison made with the solar
model of Holweger & Müller (1974) in Fig. 13.

4. Conclusion

In this paper we have focused on the self-broadening of the hy-
drogen Balmer α line and the variation of its line parameters with
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Fig. 9. Comparison of the line width of the contributions of the singlets
and triplets to the 3d–2p component of H α. (—) 3d–2p averaged over
velocity; (�) 3d–2p, using v̄; (− − −) 3d–2p triplets only, averaged
over velocity; (◦) 3d–2p triplets only using v̄; (· · ·) 3d–2p singlets only,
averaged over velocity; (�) 3d–2p singlets only, using v̄.
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Fig. 10. Comparison of the line width due to H-H collisions with tem-
perature in the different approaches. (—) Total of all contributions av-
eraged over velocity; (− − −) Barklem et al. (2000b); (· · ·) Ali &
Griem (1966); (◦) total using v̄; (− · · − · · −) 3d–2p only, averaged
over velocity; (�) 3d–2p only, using v̄.

Table 3. Comparison of the self-resonance broadening coefficients
in rad s−1 cm−3 per perturber in the present paper and in Barklem
et al. (2000b) Fig. 3.

T (K) This paper Barklem et al.

5000 0.421 × 10−7 0.394 × 10−7

6000 0.426 × 10−7 0.402 × 10−7

7000 0.430 × 10−7 0.411 × 10−7

8000 0.435 × 10−7 0.419 × 10−7

9000 0.440 × 10−7 0.427 × 10−7

10 000 0.443 × 10−7 0.436 × 10−7

temperature using complete potentials for the interactions of
the atoms which have the correct asymptotic behavior and
accurately represent the close collisions that are known to
contribute to the line width. In our calculations, we took into
account the 36 allowed transitions which contribute to the
Balmer α line by using the energies and the transition moments
of the molecular-electronic states of H2 recently computed and
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Fig. 11. Total unified line profile compared to the Lorentzian profile.
(T = 4000 K, nH = 1 × 1018 cm−3).

Fig. 12. Comparison of the theoretical profiles of Hα with the observed
solar spectrum. Using the solar MARCS model.

Table 4. List of singlet and triplet transitions contributing to the
3d–2p component. The asymptotic transition moment d2 is given in
atomic units.

Singlet Upper Lower d2 Triplet Upper Lower d2

Transitions Level Level Transitions Level Level

J–C 1–1∆g 1–1Πu 9 r–f 2–3Πg 3–3Σ+u 4.5
D–GK 2–1Πu 3–1Σ+g 4.5 du–i 1–3∆u 1–3Πg 4.5
W–I 1–1∆u 1–1Πg 9 k–a 3–3Πu 1–3Σ+g 4.5
R′–B 3–1Πg 1–1Σ+u 4.5 j–c 1–3∆g 1–3Πu 9
B4–GK 4–1Σ+u 3–1Σ+g 6 p–f 4–3Σ+g 3–3Σ+u 6
P–B 5–1Σ+g 1–1Σ+u 6 b5–a 5–3Σ+u 1–3Σ+g 6
R′–C 3–1Πg 1–1Πu 4.5 k–i 3–3Πu 1–3Πg 4.5
P–C 5–1Σ+g 1–1Πu 1.5 b5–i 5–3Σ+u 1–3Πg 1.5
D–I 2–1Πu 1–1Πg 4.5 p–c 4–3Σ+g 1–3Πu 1.5
B4–I 4–1Σ+u 1–1Πg 1.5 r–c 2–3Πg 1–3Πu 4.5
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Fig. 13. Comparison of the theoretical profiles of Hα with the observed
solar spectrum. Using the Holweger-Müller model.

carefully validated by Spielfiedel et al. (2004). Collision effects
were computed in the framework of the impact limit of a unified
theory of spectral line broadening of Allard et al. (1999). A
total line profile outside the impact region was also computed
with the same input data, and a comparison established a
region of validity of the commonly used Lorentzian profile.
It is shown that our calculations lead to significantly larger
widths than the Ali & Griem theory (1966), and are closer to
the recent work of Barklem et al. (2000a,b). The temperature
dependence of the width of Balmer α when the complete
potentials are taken into account, is less than Barklem et al.
(2000a,b) found, and for solar type stars the width of Balmer α
is about 5% larger than their result. Therefore, our independent
analysis supports the conclusion of Barklem et al. (2000a,b)
that useful models of the effect of neutral collisions in the

Balmer series line cores must include details of the interactions
beyond the long range resonance effects. We add here that in-
cluding the full set of contributing components, having accurate
intermediate to short range interactions, and averaging over ve-
locity rather than using an average velocity are additional sig-
nificant factors in the Balmer profile. It also appears that non-
Lorentzian sources of opacity in the far wing are present. This
may be useful for stellar diagnostics since the far wing arises
from deeper layers in the stellar atmosphere where the neutral
atom density is higher, and where convective processes are im-
portant in the stellar models.

This work provides a firm basis to the determination of ef-
fective temperatures of stars from the wings of Balmer lines.
This criterion is now widely used because it has the advantage
of being independent of the interstellar reddening which is not
the case for photometric temperatures. A second paper shall de-
velop this application.
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