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Abstract. The origins of spectral structures that appear close to the Xe resonance line at 146.96 nm in
absorption spectra of Kr gas with an admixture of Xe are discussed in this paper. It is shown that these
structures can result from bound-bound and bound-free transitions in the Xe–Kr molecule between the
ground state and the 1(3P1) excited state, which both are weakly-bound. The depth of the excited state
is estimated. An introduction of a hump on the 1(3P1) state internuclear potential is suggested.

PACS. 33.20.Ni Vacuum ultraviolet spectra – 33.20.Tp Vibrational analysis

1 Introduction

Recently increasing attention has been paid to vacuum
ultraviolet (VUV) emission spectra of heteronuclear rare
gas diatomic molecules [1, 2]. This is connected with a
number of practical applications such as broad band radi-
ation sources [3,4], and with discussions of the possibility
to achieve VUV laser generation using heteronuclear rare
gas molecules [5]. However, while the understanding of the
internuclear potentials of the ground and excited states of
homonuclear dimers is well established and seems to be
quite reliable (see e.g. [6, 7]), the situation for heteronu-
clear dimers is less satisfactory. Detailed data exist only
for the ground states [8], and were obtained by fitting theo-
retical potentials to a compilation of experimental results.
Some information on the lowest excited states has been ob-
tained by Castex [9] from absorption experiments and by
Novak and Fricke [10] from surface VUV emission results.
Theoretical investigations of the lowest excited states have
been performed by Zagrebin and co-workers [11,12], who
obtained fundamental information on the internuclear po-
tential curves for the lowest excited states. Application
of these data in an attempt to define the origins of the
observed spectral structures in emission and absorption
could contribute to further adjustments of the shape and
parameters of the internuclear potentials.

In this paper we discuss only the XeKr molecule. A
basic scheme of internuclear potentials for the ground and
the lowest excited XeKr molecular states (these excited
states have their origins in the atomic Xe states 3P1 and
3P2) is presented in Figure 1. The potentials are shown
in the Morse form. All excited-state potentials in Figure 1
are based on calculations [11], which predict the existence
of bound (well depth about 1000 cm−1) and weakly-bound
(well depths about or less then 500 cm−1) excited states.
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Fig. 1. Internuclear potentials for the ground and lowest ex-
cited states of the XeKr molecule. All curves are presented in
the Morse form. Examples of bound and repulsive levels are
shown by horizontal lines. Vertical arrows represent principal
classes of transitions, including the atomic Xe∗ resonance line
and examples of bound-bound and bound-free transitions.
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The weakly-bound states have equilibrium distances sim-
ilar to that of the XeKr ground state, unlike the more
strongly-bound excited states.

A Xe–Kr gas mixture emission spectrum shows a very
intense and relatively narrow band around the Xe∗ res-
onance line at 146.96 nm (see [1]) with a width of 0.1–
0.7 nm depending on the gas pressure. A reliable determi-
nation of the origins of this emission structure and detailed
information on the internuclear potentials of the involved
states would be useful for developing narrow band high in-
tensity VUV radiation sources and for attempts to create
a VUV laser working on molecular transitions in XeKr. In
this article we present an attempt to analyse these poten-
tials based on spectroscopic data.

We restrict our discussion to the state 1(3P1), since
transitions from this state dominate the emission close to
the Xe resonance line at 146.96 nm. This restriction is
motivated by a number of facts: the atomic state 3P2 is
considerably shifted down in energy from the state 3P1,
so the transitions from the states 1(3P2) and 2(3P2) are
situated at longer wavelengths; in addition the transition
from the state 2(3P2) to the ground state is dipole for-
bidden. The relatively strongly-bound state 0+(3P1) has
an internuclear potential with a small equilibrium dis-
tance, so that emission from that state (similar in ori-
gin to the second continua of homonuclear dimers – see
Fig. 1) appears as a broad continuum with maximum near
153 nm. Emission (absorption) from (to) this state close to
146.96 nm should also be small in comparison with emis-
sion (absorption) from (to) the state 1(3P1), because the
weakly-bound state 1(3P1) has about the same potential
well depth and equilibrium distance as the ground state,
so the emission (absorption) from (to) this state will be
more concentrated around the Xe∗ resonance line than for
the 0+(3P1) state. Moreover, due to the large difference
in equilibrium distances between the ground and 0+(3P1)
states, their nuclear wave functions will have smaller over-
lap than the nuclear wave functions of the ground and
1(3P1) states.

However, it is quite difficult to identify the origins of
the emission spectrum around 146.96 nm. No experimen-
tal emission data of high enough resolution (of the or-
der of 0.001 nm) to be used as a detailed description of
the bands have been published to our knowledge. Exist-
ing experiments show only general features, without the
necessary details. Furthermore, for emission it is usually
problematic to estimate relative populations of excited vi-
brational levels. In contrast to this, there are at least two
high resolution experimental absorption studies performed
by Castex [9] and Freeman et al. [13] (the resolution was
0.002 and 0.001 nm respectively) which describe absorp-
tion spectra around 146.96 nm in detail. Moreover, low
resolution data (see e.g. our recently reported [1] results
with a resolution of the order of 0.02 nm) show that emis-
sion and absorption spectra near the Xe resonance line at
146.96 nm exhibit remarkable similarity (Fig. 2), which
indicates that corresponding spectral structures of both
types of spectra have similar origins. The relative popula-
tions of the ground state vibrational levels are distributed

Fig. 2. An emission spectrum from a Kr–Xe gas mixture [1]
(top spectrum) and absorption spectra recorded by Freeman
et al. [13] (lower spectra) around the Xe I resonance line
at 146.96 nm. The emission spectrum was obtained from a
DC gas discharge (total gas pressure 120 hPa, Xe concentra-
tion 0.25%). Three absorption spectra are shown for the same
Xe partial pressure 0.13 hPa and three different Kr pressures
(1: 8 hPa, 2: 215 hPa, 3: 646 hPa).

according to Boltzmann statistics, and therefore easy to
calculate. Furthermore, every emission spectrum around
146.96 nm from a Kr–Xe gas mixture light source is a
combination of emission and self-absorption. This requires
reliable and detailed information about the structure and
origins of the absorption spectra in order to draw conclu-
sions about the origins of the emission spectra. The dis-
cussion above indicates that elucidation of the origins of
the emission spectral structures should be conducted after
the origins of the absorption bands have been reliably es-
tablished, which has not been done yet to our knowledge.

In the next section we review the experimental absorp-
tion data to be used in the following discussion. These
data will then be utilised to construct model internuclear
potentials for the XeKr state 1(3P1) and to explain pos-
sible origins of the spectral structures. This will be done
through qualitative analysis of the absorption spectra ob-
tained by numerical simulations. These spectral simula-
tions are obtained through calculations of the overlap of
the nuclear wave functions of the ground state vibrational
levels and bound or repulsive levels of the excited state
(see Fig. 1). We do not expect the spectra obtained in this
way to agree quantitatively with high resolution experi-
mental spectra since model potentials have been used and
rotational structure was beyond the scope of the present
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Fig. 3. A summary of experimental results ob-
tained by Freeman et al. [13]. Vertical lines rep-
resent the positions (in nm and cm−1) of spec-
tral bands. Where it is available, the width of
band is shown on top of the line. The Xe reso-
nance line is marked with the diamond. Band
group III (triangles) contains also the diffuse
wing, adjoined to the resonance line: two of the
most intense bands represent the maxima of
the wing. Band group I (hollow dots) consists
of four very broad and diffuse bands. Band
group II (rectangles) is composed of seven very
narrow bands with widths less than 1.5 cm−1.

calculations. Our aim is, however, to be able to reproduce
qualitatively all important spectral structures.

2 Review of available experimental data

According to Freeman et al. [13], three groups of discrete
bands could be observed in the absorption spectra near
the first resonance line of Xe I at 146.96 nm in Xe–Kr
gas mixtures. In Figure 3 the results reported by Freeman
in his Table I [13] are shown graphically: each observed
band is represented by a vertical line at the appropriate
wavelength, with the height proportional to the relative
intensity of the band in its band group. The band’s width
is indicated if it was reported. The names of the absorption
bands are the same as those used by Freeman [13].

As the first spectral feature, the broadened Xe I res-
onance line appears when only traces of Xe are added
to Kr gas. On its long wavelength side the line has a
wing containing three intensity maxima (146.961, 147.000
and 147.025 nm). At higher Xe concentration, more spec-
tral features appear. The wing intensifies and broad-
ens slightly towards long wavelengths but still exhibits
a fairly sharp long wavelength edge. When p(Xe)× p(Kr)
reaches 0.4 torr2 (p(x) being the pressure of gas x), the
sharp bands of band group II appear close to and on
the short wavelength side of the resonance line (146.827–
146.911 nm). All seven bands of this group have similar
bandwidths of about or less then 1.5 cm−1 (0.003 nm).
Here and onwards we use Freeman’s pressure multiplica-
tion to show the relative intensities of band groups.

At slightly higher pressure, when p(Xe) × p(Kr) is
about 0.5 torr2, the diffuse bands of band group I
(146.360–146.777 nm, bandwidth from 18 to 46 cm−1) ap-
pear on the short wavelength side of band group II. It
was noted that band group I probably extends further to-
wards longer wavelengths, but would be obscured by band
group II.

Finally, at considerably higher pressure, when
p(Xe)× p(Kr) reaches 84 torr2, with p(Xe) at least 1.5 torr,
band group III appears immediately to the long wave-
length side of the fairly well-defined long wavelength edge
of the broadened resonance line plus the wing. This group
covers the range from 147.079 to 147.292 nm. No estimates
were made of the bandwidth of the bands of that group.

In the Castex paper [9] only seven absorption bands
were reported. The pressure and temperature dependen-
cies of the blue satellite (Freeman’s band groups I and
II) and the red satellite (Freeman’s wing) were discussed.
The author reported that the blue satellite exhibits a
strong temperature dependence, while the intensity of the
red satellite changes only slightly with temperature. By
analysing the pressure dependence the author drew the
conclusion that Xe–Kr atomic pairs, bound or unbound,
are responsible for the absorption around the Xe resonance
line.

3 Computational technique

In the adiabatic approximation, the following formula is
used to estimate the relative absorption probabilities W12

between a ground level 1 and an excited level 2 (bound or
repulsive):

W12 ∝ p1

∣∣∣∣∫ Ψ1(r)µ12Ψ2(r)r2dr
∣∣∣∣2 , (1)

where µ12 is the dipole transition moment, Ψ(r) = P (r)/r
are the radial parts of the nuclear wave functions for the
ground and excited levels, and P (r) are solutions of the
radial Schrödinger equation:

d2P

dr2
+

2m
~2

[E − V (r)]P (r) =
l(l + 1)
r2

P (r). (2)

p1 represents the relative population of a ground state vi-
brational level, which was calculated from the Boltzmann



382 The European Physical Journal D

distribution, and E is the energy – the eigenvalue for a
bound level or the energy of a repulsive level.

In our calculations the dependence of the dipole transi-
tion moment on the internuclear distance is ignored, since
no data on this dependence has been found in the liter-
ature. However, the dependence of the dipole transition
moment on internuclear distance for heavy homonuclear
inert dimers (see data on Ar2, Kr2 and Xe2 in [14]) is rel-
atively minor in comparison with the oscillations of the
nuclear wave functions. It is therefore reasonable to con-
clude that in the case of heteronuclear dimers this simpli-
fication will not cause overly large deviations between the
calculated and experimental spectra.

Nuclear wave functions for bound vibrational levels
and for repulsive levels were calculated numerically. The
code used to determine energy eigenvalues and nuclear
wave functions is based on the method described by
Hajj [15]. It is an iterative technique that determines
the eigenvalue and produces the corresponding wave func-
tion by solving the Schrödinger radial equation (Numerov
method). In the case of repulsive levels, the wave functions
were normalised to a delta function in energy. The ground
and excited state internuclear potentials were defined in
numerical form or as mathematical functions.

We have tested the method on numerical calculations
of eigenvalues for Morse potentials when these could also
be determined analytically. A comparison of the results
showed excellent agreement.

Results on simulations of absorption spectra for
bound-bound and bound-free transitions are presented in
this paper. For bound-bound transitions, the total absorp-
tion spectrum was obtained as the sum of the intensi-
ties of all possible transitions between vibrational levels
of the excited and ground states with the weight factors
W12 = exp {−E/kT} (see Eq. (1)), where E is the ground
state vibrational level energy and T is the temperature.
The spectrum is composed of a large number of transition
lines, which makes it difficult to analyse it or compare
it with experimental spectra. In experimental absorption
spectra all these lines are broadened and superimposed
due to limited resolution of the spectrometer and because
of the presence of the rotational structure which “blurs”
the spectrum. Therefore an additional simple recalculation
of the absorption spectra was applied to imitate the lim-
ited resolution and rotational “blurring”, the latter being
beyond the scope of our calculations: the intensity I(λ) at
a succession of wavelengths λ in the range 146.0–147.4 nm,
where each wavelength was separated from the next by
a sufficiently small step to keep all spectral details, was
calculated as the sum of all neighbouring transition line
intensities Ii, multiplied by a Gaussian weight factor de-
termined by the wavelength difference between the current
wavelength λ and the transition line wavelength λi:

I(λ) =
∑
i

Iiexp

[
−
(
λ− λi
∆/
√

ln2

)2
]
. (3)

The HWHM of the Gaussian ∆ was selected to be not
less than the wavelength resolution of the experimental

spectrum used as a model, and large enough to imitate
rotational “blurring” of the spectrum.

For bound-free transitions, the total absorption spec-
trum is a sum of transition probability continua: each of
them was obtained for a given ground vibrational level
and a set of excited repulsive levels in the energy range
from 5 to 400 cm−1 above the 3P1 Xe∗ atomic state with
a step of 0.1 cm−1. Each continuum also has a Boltzmann
weight factor determined by the ground state vibration
level energy.

4 Results and discussion

All calculations in this work were performed with the
XeKr ground state taken in the Morse form:

V (r) = D [1− exp {−α (r −Rm)}]2 −D, (4)

where

α =
ln(2)

Rm −R0
·

The following values of the parameters for the ground
Morse potential were used: well depth D = 159 cm−1,
equilibrium distance Rm = 4.18 Å and zero-potential dis-
tance R0 = 3.73 Å. The same values are used in the multi-
parameter potential of Lee [16]. By choosing these values
for the simple Morse potential we obtain a quite good ap-
proximation for the more realistic, but very complex po-
tential of Lee: the potentials are in very good agreement
in their lower repulsive parts and around the equilibrium
point. However, the Morse curve approaches the atomic
origin faster than the potential of Lee, which gives 14 vi-
brational levels while the potential of Lee has 18 levels
according to Bobetic and Barker [8]. We believe that the
use of the Morse potential for the ground state is justified
since we chose to use a Morse potential for the excited
state.

The first spectral feature to identify is the most in-
tense structure, namely the diffuse wing with several max-
ima located to the long wavelength side of the reso-
nance line (Fig. 3). We have tried to demonstrate that
this structure can be explained in the frame of bound-
bound transitions between the ground state and the ex-
cited state 1(3P1) (Fig. 1). The result of our spectral sim-
ulation is presented in Figure 4. The excited state was
taken in the Morse form with the following parameters:
D = 170 cm−1, Rm = 4.4 Å, R0 = 4.0 Å. Rm and R0

were taken directly from Zagrebin’s calculations [11]. The
value of D = 500 cm−1 given in [11] has lately been cor-
rected to 300 cm−1 [17]. However, the proposed value of
D = 300 cm−1 is too large according to our spectral sim-
ulations: the resulting spectral structure expanded much
farther to the long wavelengths than in the experimental
spectra. Therefore a more suitable value of 170 cm−1 was
chosen and used instead. The position and width of the
calculated structure as well as the location of the maxi-
mum are in rather good agreement with the experimental
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Fig. 4. Calculated absorption spectrum consisting of all possi-
ble transitions between bound vibrational levels of the ground
state and the excited state 1(3P1). Both states have internu-
clear potentials in the Morse form. The inset shows the long
wavelength spectral structure.

spectrum (compare the wing in Figs. 3 and 4). Of course,
with the model potentials used and the assumptions that
were made, one cannot expect detailed agreement. How-
ever, this calculations demonstrate that the wing can in-
deed have its origin in bound-bound transitions in XeKr
molecules. This differs from the explanation that it is the
broadened Xe atomic resonance line (transitions in free
atomic pairs), which was proposed by Castex [9]. The tem-
perature dependence of the wing, that was considered to
be a proof of its atomic origin [9], will be discussed at the
end of this section.

In Figure 4 an area directly adjoined to the long wave-
length edge of the wing is expanded in a special window.
One can see a number of peaks with much weaker in-
tensities than the wing described above. We suggest that
this structure (note that there is nothing similar on the
short wavelength side of the resonance line) corresponds
to the band group III (Fig. 3). It is quite possible that
in a model using potentials which give a larger number
of vibrational levels (e.g. the multiparameter potential of
Lee [16]), this structure will intensify and expand slightly
to longer wavelength. If this assignment of the origin of the
band group III is correct, and this group does result from
bound-bound transitions, the distance between the reso-
nance line and the band with the longest wavelength gives
the minimal depth of the excited state: 153 cm−1. Ob-
servation of the emission spectrum around the resonance
line [1] has shown that the relative intensity of the emis-
sion spectrum at the wavelengths of the band group III
increases considerably with decreasing gas temperature.
This could be explained by assuming that this band group
originates from bound-bound transitions from the lowest
excited vibrational levels, for which the relative popula-
tions increase considerably with gas cooling.

We now discuss the diffuse band group I. Within the
framework of Morse-Morse potentials, the source of this
group is very unlikely to be bound-bound transitions. Con-
sidering the band group I location, which is shifted signif-

Fig. 5. Calculated absorption spectrum consisting of all possi-
ble transitions from ground state vibrational levels to the repul-
sive part of the excited state 1(3P1) from 5 cm−1 to 400 cm−1

above the 3P1 Xe∗ atomic state.

icantly to shorter wavelength from the resonance line, and
the large widths of the bands (see Fig. 3), the natural con-
clusion is that this group originates from bound-free tran-
sitions. In Figure 5, a calculated spectrum is shown. This
spectrum is composed of the sum of all transitions from
ground state vibrational levels to repulsive levels with en-
ergies given by the repulsive part of Morse potential of
the state 1(3P1) (see Fig. 1). The following parameter
values for the 1(3P1) state were used: D = 170 cm−1,
Rm = 4.4 Å and R0 = 3.7 Å. The positions of max-
ima of the calculated structures and their widths are very
sensitive to the Morse parameters of the excited state,
especially on R0. The spectrum shown in Figure 5 was
obtained for the excited state with the same D and Rm
as in our discussion of the wing (band group III) and only
R0 has been adjusted to achieve a total width of the struc-
ture close to the width observed in the experiments. Note
that the “teeth” on the spectral profile are due to the fact
that the total spectrum is a sum of partially overlapping
continua where every “tooth” is in the place where the
next continuum starts. Each continuum was obtained for
transitions from a certain ground state vibrational level to
an unbound level of the excited state with energy ranging
from 5 to 400 cm−1 counted from the 3P1 Xe∗ atomic level.
This range was taken because no spectral structures have
been seen further than 400 cm−1 towards shorter wave-
lengths. Furthermore, energies less then 5 cm−1 give wave
functions with very slow oscillations, which result in cal-
culational difficulties, but do not provide much additional
information. To summarise the results on band group I,
we believe that the position and width of band group III
as well as the number and widths of its maxima can be
simulated through bound-free transition between poten-
tials mentioned above (only small changes of the param-
eter values are required). However, the numerical fitting
to experimental spectra would require considerable effort,
which makes no sense until reliable and detailed data are
obtained for one of the potentials (the ground or excited
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Fig. 6. The 1(3P1) state internuclear potential, containing a
hump. The potential is composed of three parts: part 1: or-
dinary Morse potential for internuclear distances from 0 to
equilibrium distance. Part 2: third degree polynomial. Part 3:
Morse potential with negative sign from the hump maximum
(corresponds to the equilibrium distance) and towards infinity.

state) and for the dependence of the dipole transition mo-
ment on the internuclear distance.

We find the identification of the band group II to be
the most problematic. It consists of seven sharp and in-
tense bands, especially in comparison with the weak band
group III. We believe that such narrow bands could not
be observed in bound-free transitions between two Morse
potentials: the slope of the repulsive part is too sharp,
which will result in broad structures in the spectra. On
the other hand, the bands are too intense to be assigned
to bound-bound transitions between two Morse potentials,
which still could explain the wing (compare Figs. 3 and 4).
The problem could be solved by a considerable change of
the shape of the excited state internuclear potential. Two
different cases are discussed in the following paragraphs.

I. The band group II is assumed to originate in bound-
free transitions with a non-Morse excited state. We have
found that transitions between the ground Morse poten-
tial and a purely repulsive excited potential could re-
sult in sufficiently sharp bands. However, for the excited
Xe∗ atomic state 3P1 there are only two possible XeKr
states: 0+ and 1. The state 0+(3P1) is bound (emission
from this state appears with a broad maximum around
153 nm), and the state 1(3P1) has to be weakly bound
(as discussed above) to explain the wing and the band
groups III. There is, however, a compromise: the weakly-
bound state 1(3P1) potential could have a “hump” (see
Fig. 6). This potential has both a bound part at small in-
ternuclear distances and a slightly sloping repulsive part
after the hump at large distances. We have constructed
a model potential of that type in the following way: the
potential consists of a Morse curve for small internuclear
distances up to the equilibrium distance (D = 170 cm−1,
Rm = 4.4 Å, R0 = 4.0 Å), then a 3rd degree polyno-
mial until the hump maximum is reached and then a long-
distance tail of another Morse potential taken with nega-
tive sign (D = −25 cm−1, Rm = 6.5 Å, R0 = 6.0 Å). This

Fig. 7. Calculated absorption spectrum consisting of all pos-
sible transitions between vibrational levels of the ground state
and the state 1(3P1) containing the hump. The inset shows
the short wavelength spectral structure composed of relatively
intense and narrow lines.

potential was numerically tested and it was found that the
bound-free transitions from the ground state vibrational
levels ν = 7 and 8 give very narrow bands with FWHM
less then 1.5 cm−1 as the band group II has. Bands from
levels ν = 6 and 9 gave narrow peaks with low intensity
broad shoulders. The rest of the vibrational levels gave rel-
atively low intensity broad structures. This demonstrates
the possibility that all 7 observed bands could have the
same origin (after a slight modification of the excited state
potential) in bound-free transitions from the ground state
to an excited state with a hump.

One should note that it is possible to apply the same
considerations if we assume that the band group II orig-
inates from bound-free transitions between the weakly
bound ground state and the excited state 0+(3P1) if we
introduce the same hump as for the 1(3P1) state.

II. The band group II could also result from bound-
bound transitions in the case of a non-Morse excited
state. An absorption spectrum corresponding to transi-
tions between vibrational levels in the bound parts of the
ground potential and the humped excited state potential
described above is shown in Figure 7. There are sufficiently
intense bands at the wavelengths of band group II, and
still, as for Morse potentials, there are the wing and the
weak structure where band group III is situated. However,
the question of the width of the bands is still open: how
could bands situated far from the centre of the wing (wave-
length of band group II) be narrow while the centre of the
wing is totally diffuse (according to Freeman et al. [13]).
The answer might be given if also the rotational structure
is taken into account, but this is beyond the model used
in this work.

Analysis of rotational structure should also help to de-
termine which alternative gives rise to, or dominates, the
experimental spectra, that is whether the band group I
originates from bound-bound or bound-free transitions.

One should note that the introduction of the hump
for the 1(3P1) state to explain the band group II will not
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lead to drastic changes in the remaining spectral ranges.
This is connected with the fact that the humped po-
tential described above has the same depth and equilib-
rium distance as the Morse potential used to calculate the
bound-repulsive spectrum between two Morse potentials.
Moreover, we inherited the repulsive part of the “humped”
potential directly from the Morse potential. The result is
that the bound-bound spectrum between the humped ex-
cited state and the ground state taken in the Morse form
(see Fig. 7) still shows the diffuse wing with the right
width and the low-intensity structure at the wavelength
of the band group III. The shape of the wing will be dif-
ferent but as we pointed out, we do not expect detailed
agreement. The diffuse structure at the place of the band
group I will not change drastically either – the further
from the resonance line the more similar the structure be-
comes to the one presented in the Figure 5.

Finally we consider the temperature dependence of the
intensity of long and short wavelength structures around
the resonance line in the absorption spectra. Castex [9] re-
ported that the short wavelength satellite (corresponding
to Freeman’s band groups I and II) has a strong tem-
perature dependence – its intensity increases with cooling
of the absorbing gas, while the intensity of the long wave-
length wing depends only slightly on the gas temperature.
The explanation [9] was that the long wavelength satellite,
corresponding to Freeman’s wing, is due to transitions
in free pairs (atomic line broadening), which has a very
weak temperature dependence in comparison with bound-
free transitions which give the short wavelength satellite.
However, another explanation of the temperature depen-
dence can be given by assuming a bound-bound origin of
the long wavelength satellite. The intense part of the long
wavelength satellite is composed mainly of all transitions
with small differences in vibrational quantum number ν
between the ground and excited state vibrational levels
(ν = 0,±1 are dominating). This means that all, low as
well as high, ground state vibrational levels contribute to
the satellite. Decreasing the temperature and thereby in-
creasing the relative population of lower vibrational levels
in accordance with the Boltzmann factor, we only change
the shape of the satellite, increasing some and decreas-
ing other closely situated components without a consider-
able change of the total intensity. On the other hand, the
dominant part of the short wavelength satellite, which is
situated far from the resonance line, receives its main con-
tribution from transitions starting from vibrational levels
close to the bottom of the ground state potential well. For
example, a change of temperature from 300 K to 165 K
will result in an increase of the relative population of the
vibrational level ν = 0 with respect to the level ν = 14
from 2:1 to 4:1, which causes a considerable growth of the
absorption intensity in this structure.

5 Conclusion

We have demonstrated by numerical simulation that all
spectral structure in the absorption spectrum around

the Xe resonance line at 146.96 nm in Kr gas with an
admixture of Xe can be explained by bound-bound and
bound-free transitions between the ground XeKr state and
the weakly-bound excited state 1(3P1). This explanation
is supported by the dependence of the absorption and
emission spectra on gas temperature. The depth of the
potential well for the excited state 1(3P1) is estimated to
be 170 cm−1. To explain the part of the short wavelength
structure that contains a number of narrow bands, we sug-
gest the following modification of the excited state 1(3P1)
potential: the weakly-bound state potential may have a
hump with a maximum height of about 25 cm−1 at an
internuclear distance near 6 Å.
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