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Abstract

A simple and accurate way of determining atom number densities in dense rubidium vapors is presented. The method relies on the
experimental finding that the reduced absorption coefficients of the Rb triplet satellite bands between 740 nm and 750 nm and the triplet diffuse
band between 600 nm and 610 nm are not temperature dependent in the range between 600 K and 800 K. Therefore, the absolute values of the
reduced absorption coefficients of these molecular bands can provide accurate information about atomic number density of the vapor. The
rubidium absorption spectrum was measured by spatially resolved white-light absorption in overheated rubidium vapor generated in a heat pipe
oven. The absolute values for the reduced absorption coefficients of the triplet bands were determined at lower vapor densities, by using an
accurate expression for the reduced absorption coefficient in the quasistatic wing of the Rb D1 line, and measured triplet satellite bands to the
resonance wing optical depth ratio. These triplet satellite band data were used to calibrate in absolute scale the reduced absorption coefficients of
the triplet diffuse band at higher temperatures. The obtained values for the reduced absorption coefficient of these Rb molecular features can be

used for accurate determination of rubidium atomic number densities in the range from about 5x10'® cm > to 1x10"® cm ™.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Rubidium; Infrared spectrum; Visible spectrum; Line intensities; Band intensities

1. Introduction

Since the early ages of spectroscopic investigations, alkalis
have been subject of extensive investigations. Nowadays, they
still attract considerable attention (Bose—Einstein condensates
[1], long-range Rydberg molecules [2,3]). Numerous investiga-
tions involving alkali atoms are in great deal due to their simple
structure which makes them relatively easy to deal with, experi-
mentally as well as theoretically.

In the experiments performed with the aim to determine
certain physical quantity or characterize the particular process,
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knowledge about the number density of the medium is required
in order to obtain quantitative results. It is always advantageous
if the number density can be determined without knowing the
temperature of the vapor. Namely, standard methods for number
density determination, as vapor pressure curves [4], curve of
growth [5—7], line peak absorption [8—14] or absorption in the
impact resonance line wing [15—19], require the temperature to
evaluate the density of the vapor. However, accurate measure-
ments of the alkali vapor temperature are not always an easy
task, unless the experiment is performed in a small glass cell
placed in an oven with homogeneous temperature distribution.
The method for obtaining atom number density straightfor-
wardly, by the measurements of the absorption coefficient in the
alkali quasistatic resonance wings [20] is advantageous in that
regard, and it has been successfully used in many experiments
so far [21-26]. However, this method is applicable at densities
lower than ~10'7 ¢m ?, because for the usual length of the
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optical path of the order of 10 cm, the medium becomes opaque
at the relevant wavelengths.

In the quest for the spectroscopic means of determination of
the alkali number density at elevated pressures (N>10"7 cm ™),
which would not involve determination of the vapor tempera-
ture, our attention was drawn to spectrally isolated molecular
bands of alkali dimers which still appear optically thin at such
high pressures. The semiclassical approach yields the following
functional dependence of the absorption coefficient of a
molecular band: koc N* xexp[— AV(R)/kgT]. Here, AV(R)=
V(R)— V() is the difference potential for the lower dimer
potential curve at the internuclear distance R. If the molecular
bands are stemming from an interatomic range where the
ground states are shallow (A V < kgT), the corresponding ab-
sorption coefficient will exhibit a weak dependence on tem-
perature. In that case, the absorption coefficient depends on
wavelength and can be expressed in the form k(1) =kg(1) x N2,
where kg is the reduced absorption coefficient, which depends
only on characteristic parameters of the particular molecular
transition. The situation is analogous to the atomic absorption
spectroscopy where k=ax N, with a comprising the char-
acteristic atomic spectral line parameters, i.e., oscillator line
strengths. Therefore the kg of such temperature insensitive
molecular bands could serve as spectroscopic standard for
straightforward (not involving temperature measurements)
number density determination.

The alkali triplet transitions exhibit the described character-
istics (see Fig. 1), and the results for the reduced absorption
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coefficients of these bands, which can be used for a simple and
accurate determination of the high atom number densities, have
already been reported for potassium [27] and cesium [28].

An immediate motivation for this work came from the in-
vestigations dealing with experimental verification of minima in
excited long-range Rydberg states of rubidium dimer [33]. The
experiment was conducted in a dense Rb vapor (p ~ 100 mbar),
and accurate data on the Rb ground state number density were
requisite for the evaluation of the results. The necessity of
finding reliable spectroscopic means to determine rubidium
ground state number density in such experimental conditions
yielded the results which will be presented here.

2. Experiment and data analysis
2.1. Experimental details

The details of the present experiment were published
previously [27-29] and will not be repeated here in length.
The main task in setting-up the measurement was to create
dense and stable rubidium vapor at pressure of about 100 mbar.
This was accomplished by using a heat pipe with additional
inner heater built-in along the heat pipe axis. The role of the
inner heater was to prevent formation of turbulent fog of particle
clouds at the hot—cold (alkali—buffer gas) boundaries and clog-
ging in the cold zone. These processes are known to occur at
alkali vapor pressures larger than a few tens of mbar, and can
completely obstruct the measurements. An overheating realized
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Fig. 1. (a) The triplet potentials 1P, 13 I1,[29], and 231'1g [30] of Rb, involved in the formation of satellite and diffuse bands. The potentials shown are for Hund’s case a
(spin-orbit coupling not included). The relevant transitions are indicated with arrows. The singlet ground state 1(X)' 3 involved in the formation of the singlet X-A and X-B
bands is also shown. The inset shows enlarged view of the shallow (depth A ¥~ 200 cm™ ') ground state triplet potential 1(a)*S.;,. (b) The differential potentials for the
1(ay’Si— 131_1‘g (triplet satellites — TS) and 1(a)’ 3 —2° I'1, (diffuse bands — DB) transitions (Hund’s case a). The satellite and diffuse bands are due to the extrema
in these potentials. The insets show the differential potentials for the transitions 1(a)*S., (1, 05)— 1° I, (Og, 142,)[31]and 1)’y (1, 0)—2° I, (Oi, lg, 2 ) [32] in the
Hund’s case ¢ (spin-orbit coupling included). Each single differential potential of the Hund’s case a, now splits in three, and their maxima correspond to the observed three-

peak structure of the Rb, triplet bands.
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with the inner heater suppressed these processes and enabled
production of spatially and temporally stable rubidium vapor.
With built-in heater a radial temperature gradient was
established across the rubidium vapor column, enabling
measurements at different temperatures under the same steady
state vapor conditions. The inner heater was so designed [28] to
ensure that the temperature and consequently, the vapor number
density distributions, were axially symmetric.

Concise technical information related to the instrumentation
and experimental conditions is summarized in Table 1, while
their detailed descriptions can be found in [27-29].

For the readers’ convenience we reproduce here (Fig. 2a) the
illustration of the measurement procedure. A collimated white-
light beam of a halogen lamp was shown through the strongly
overheated Rb vapor column with radial temperature and
number density gradient. The transmitted light was imaged in
1:1 ratio onto a screen positioned at 3 cm distance from the
monochromator entrance slit. The screen had a pinhole of
0.5 mm in diameter, and the transmitted intensity eventually
falling onto the entrance slit was related to a thin column of
about 0.5 mm in diameter, located at the position r from the heat
pipe axis. The spatially resolved Rb spectra were obtained by
translating the heat pipe radially in discrete steps, and
measuring the optical depths k(r,A)L=In[ly(1)/I(r,A)] in the
zones at different radial positions 7, having correspondingly
different temperatures. The data were collected using LabView
program and stored on a laboratory PC for subsequent analysis.

The representative spectra of spatially resolved absorption in
rubidium vapor recorded in the way described above are shown
in Fig. 2b. The main spectral features in the investigated spectral
range are the rubidium resonance lines with extended quasi-
static wings, overlapping with strongly temperature dependent
Rb, singlet bands (X-A and X-B).

Table 1

Summary of the information about instrumentation and experimental conditions
Item Description

Heat pipe Stainless-steel with quartz windows and a stainless-steel mesh

liner
Inner diameter: 2 cm, windows distance: 18 cm
Operating mode: heat pipe

Heat pipe Outer — resistance: 38 (), power: typically 150 W
heaters Inner — 250 pm thick Mo wire helix (diameter: 2 mm,
length: 12 cm, resistance: 2 ()), power: typically 10 W
Vapor column  L=6.5 cm
length
Hot—cold Width: a few millimeters
boundary
Buffer gas Ar

Monochromator 0.5 m Jarrel-Ash, spectral resolution: 0.1 nm
Photomultiplier RCA 7102 photomultiplier (S-1 cathode) cooled down to
-20°C

Light source Halogen lamp

Temperatures At the heat pipe wall: Ty~ 650 K
At the edge of the inner heater: 7 =~ 900 K
Rb number Between 5x 10" ¢cm 3 and 1x10'® ¢cm ™3
densities

Rb D1
X-A band

CsD2 CsD1

A (nm)

Fig. 2. (a) Experimental arrangement for the spatially resolved absorption
measurements in overheated Rb vapor generated in the heat pipe. S —
monochromator entrance slit, P — pinhole, L — lens, C — water cooling, W —
windows, M — mesh with liquid rubidium, HO — outer heater, HI — inner heater,
Ip — incident collimated white-light beam. (b) Measured optical depths AL in
overheated rubidium vapor at radial positions 7,=3 mm (near the inner heater,
spectrum a), 1,=6 mm (spectrum b), and 7.=9 mm (near the heat pipe wall,
spectrum c).

2.2. Determination of the Rb number density from the absorption
in the Rb D1 resonance line wing

A detailed insight into the data plotted in Fig. 2b is given in
Fig. 3, which shows the spectra in the vicinity of the Rb resonance
lines for radial position near the inner heater (spectrum a) and near
the heat pipe wall (spectrum c). The wings of the resonance lines
are due to electronic transitions in the long-range region where the
ground state interaction potentials are shallow and the corre-
sponding Boltzmann factor nearly equals to unity at thermal
conditions [20,29]. Therefore, the resonance line wings are
practically insensitive to the temperature variation at the tem-
peratures investigated in the present experiment.
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Fig. 3. The details of a and ¢ spectra from Fig. 2, in the vicinity of the Rb first
resonance doublet. The spectra were recorded at the distances 7,=3 mm and
r.=9 mm from the heat pipe axis. The estimated molecular backgrounds are
depicted with dotted lines.
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As shown in Ref. [20], the blue quasistatic wings of D2 and
the red wings of D1 alkali resonance lines can be used for
accurate determination of atomic number density. In the first
step of data analysis performed here, the red wing of the Rb D1
line was used for determination of the rubidium number density.

According to [20,25], the absorption coefficient kp; (in
cm ') in the red wing of the Rb D1 line at the detuning A/ (in
nm) from the line center can be expressed as:

K (A2) = 5.02 x 1073*P(42/4 )N—2 (1)
D1 : fs ( Ai)z’

where the rubidium number density N is expressed in cm ™ >, and
Ag is the fine structure splitting of the rubidium resonance
doublet (4g=14.78 nm). The polynomial P(AA/Ag) defined

by the following relation:
A, A42\°
—0.6319| — 2
Afs) (Afs) ( )

P(42/4g) = 1.0317 + 2.2934<

A
10.0732 (—’j
Afs

represents the fit to the theoretical wing profile. The fit
reproduces the numerical theoretical profile with an accuracy
better than+0.5 for the values of AA in the range
1 nm < AL <3 4. Consequently, Eq. (1) is valid and applicable
in the same range of detunings A A in the line wing.

In contrast to the resonance line wings, the absorption
coefficients of both X-A and X-B molecular bands are strongly
temperature dependent, because the corresponding Boltzmann
factors are very sensitive to temperature in the investigated
temperature range. The resonance lines are superimposed on the
red tail of the X-A band. The contribution of the latter to the
total optical depth in the vicinity of the resonance lines can be
approximated by a straight line as illustrated in Fig. 3. The
height and slope of the straight line representing molecular
background, which was subtracted from the measured data, was
determined by varying the straight line fit parameters until the
remaining optical depth k°'(AA)L exhibited the wavelength
dependence defined by Eq. (1). Using this corrected k°'(A)L
values and the estimated vapor column length L=(6.5+0.5) cm,
from Eq. (1) one obtains the value for the rubidium number
density N(r) at a given distance 7 from the heat pipe axis with an
accuracy of about 3%, which is mainly due to the vapor column
length uncertainty. For the spectra plotted in Figs. 2 and 3, this
evaluation method yielded the values N(r,)=4.25x10'® cm ™7,
N(rp)=4.66x10"® cm >, and N(r.)=5.05x10'¢ cm >, at the
positions 7,=3 mm, 7,=6 mm and r.=9 mm, respectively.

2.3. Determination of the temperature distribution

The Rb atom number density N(ry,) just above the liquid
metal bath in the mesh on the heat pipe wall (r,=10 mm) was
obtained by extrapolation of the N(r,), N(r,) and N(r.) values.
The vapor in the immediate vicinity of the mesh is in thermal
equilibrium with liquid metal bath. Therefore, it is justified to
determine the corresponding vapor temperature 7y near the heat
pipe wall by using the N(ry,), rubidium vapor pressure curve [4]

and the ideal gas law. Because the rubidium in the heat pipe
constantly re-circulates through the mesh, the metal vapor
column is in dynamical equilibrium and the vapor pressure is
equal throughout the heat pipe volume. Therefore, by using ideal
gas law, the temperature at the particular distance » from the heat
pipe axis can be determined from the following relation:

N(”W)

T(r) =T(rw) NG

3)

It should be emphasized that in the conditions of the present
experiment the density of rubidium dimers is negligible in
comparison with the atomic number density [4]. In the case
presented in Figs. 2 and 3, the obtained values for the tem-
peratures 7(r,), T(ry), 1(r.) were 745 K, 675 K and 625 K. The
accuracy of these data is about 6%. The declared error bar
comprises the inaccuracy in the atom number density determina-
tion, extrapolation procedure yielding N(r,) value and uncertainty
in the Rb vapor pressure curve.

3. Triplet satellites between 740 and 750 nm

The rubidium triplet satellites at the wavelengths between
740 and 750 nm become measurable in absorption at vapor
densities where the resonance line wings can still be reliably
analyzed. Owing to this fact, the optical depths of the triplet
satellites 7" °(1)=k"S(L)L could be directly compared to the
optical depth TS{(AL)=kST(AL)L of the resonance wing at a
given detuning AA. By substituting the ratio of the measured
optical depths into Eq. (1), the reduced absorption coefficient
kx> =k"S(1)/N* could be accurately determined (in units cm®)
according to the following relation:

‘ETS (;»)

P(A/“/Afs)
T} (47) '

x 5.02 x 107 x R
(47)

k*(2) = 4)

The determination of the reduced absorption coefficient in this
way did not require knowledge of rubidium number density and
it canceled the contribution to the error bar from the uncertainty
of the vapor column length L. However, to examine the
temperature behavior of the investigated triplet satellite bands,
the atom number densities had to be determined eventually, in
order to evaluate the temperature of the vapor in the manner
described in the previous section.

The total reduced absorption coefficient in the vicinity of the
triplet satellites, obtained by comparison with the absorption in
the red wing of the Rb D1 line is displayed in Fig. 4. The
investigated triplet band lies on a background formed by the
contributions arising from the red tail of the X-B band, the blue
tail of X-A band and the far red wing of the resonance doublet.
This background is continuous and it can be easily subtracted
from the total reduced absorption coefficient in the region of the
triplet band, as indicated by dashed line in Fig. 4. As can be seen
in the inset of Fig. 4, the remaining contributions, i.e. the values
for the reduced absorption coefficients kg°(1) obtained at
T,=745 K and 7,=625 K are independent of temperature within
the experimental error bar. Averaged values of the measurements
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Fig. 4. The reduced absorption coefficient in the vicinity of the rubidium triplet
satellites, obtained by comparison with the absorption in the red wing of the Rb
D1 line. The experimental conditions were the same as for the data shown in
Figs. 2 and 3. The estimated backgrounds are indicated with dashed and dotted
lines. The inset shows the reduced absorption coefficient of the triplet satellite
bands measured at 7,=745 K (gray dots) and 7.=625 K (black dots).

at several temperatures of the triplet satellite peaks at the
wavelengths 740.5, 744.2 and 748.2 nm are:

ki5(740.5) = (2.240.2) x 1076 cm’ (5)
kxS(744.2) = (2.840.3) x 1076 cm® (6)
k3®(748.2) = (3.0+£0.3) x 107¢ cm’. (7)

Numerical values of the kg (1) in the wavelength region
between 738 nm and 755.4 nm are listed in Table 2. They are
obtained as an average of several measurements at different
temperatures.

4. Diffuse band between 600 and 610 nm

At elevated vapor densities (N about 10'7 cm ?) the
rubidium diffuse band, situated between 600 and 610 nm,
exhibiting three pronounced peaks at 601.3, 603.7 and
606.2 nm, becomes measurable. At such high pressures, the
total absorption occurred in the region of X-A and X-B bands,
as well as in the wavelength range of the resonance lines.
Therefore, the latter could no more be used for the number
density diagnostic. However, the absorption was still reliably
measurable at the triplet satellite band (see Fig. 5), and the Rb
number density could be determined by using Egs. (5)—(7) and
the measured value of the corresponding absorption coefficient.

According to the theoretical results published in Ref. [29],
the tail of the X-B band vanishes at about 630 nm, and there are
no other molecular contributions to the absorption in the
wavelength interval of the diffuse band. However, as can be
seen in Fig. 5, the measurements show that the diffuse band lies
on a weak continuum, which does not depend on temperature
and increases proportionally to N?. Similarly to the case of
potassium [27], it is assumed that this flat continuum is a
consequence of alkali clusters formed in the region of hot—cold

Table 2
The reduced absorption coefficient of the rubidium triplet satellite band (in units
103¢ cm®) in dependence on the wavelength

A(m) kS A (m) KRS A (m) kR A (m) kS
738 0.011 743 2242 748 2904 753 0.506
738.2 0.019 7432 2413 7482 2967 7532 0.459
738.4 0.058 7434 2579 7484 2936 7534 0.422
738.6 0.113  743.6 2702 748.6 2.846  753.6 0.394
738.8 0.259 7438 2765  748.8 2723 7538 0.353
739 0.421 744 27795 749 2574 754 0.327
739.2 0.629 7442 2.77 749.2 2403 7542 0.318
739.4 0921 7444 2713 7494 2232 7544 0.281
739.6 1.258  744.6 2.631  749.6 2.079  754.6 0.246
739.8 1.565 7448 2.541 7498 1.934 7548 0.211
740 1.853 745 2446 750 1.798 755 0.18
740.2 2.092 7452 2345 7502 1.655 7552 0.151
740.4 2214 7454 2231 7504 1.521 7554 0.139
740.6 2243 7456 2122 750.6 1.398

740.8 2222 7458 2.009  750.8 1.294

741 2.146 746 1.944 751 1.207

741.2 2.052  746.2 1.881 7512 1.109

741.4 1.977 7464 1.839 7514 1.013

741.6 1.893  746.6 1.839  751.6 0.926

741.8 1.815  746.8 1.889  751.8 0.846

742 1.795 747 1.985 752 0.759

742.2 1.817 7472 2136 7522 0.684

742.4 1.848 7474 2353 7524 0.646

742.6 1.953  747.6 2.561  752.6 0.603

742.8 2.091 7478 2749 7528 0.553

boundary in the heat pipe, which act as a kind of neutral density
filter.

By using the triplet satellite band as the temperature in-
sensitive standard for the rubidium number density determina-
tion, the vapor temperature distribution was determined in
the same manner as described in Section 2.3. The reduced
absorption coefficient kx°(1) of the diffuse band was eval-
uated by measuring the optical depth of the diffuse band

1.0
m d) T=650 K
“{E 64| m e)T=850K
081 5 4 _‘HM
©
T 2
06 x*
o | [ e et ]
-
04 590 595 600 605
) MA)
0.2 Na x5
0.0
ryi
T L T LS 77 4 T ) T
600 620 640 720 740
Ar(nm)

Fig. 5. Absorption spectrum of the rubidium diffuse band shown together with
the sequence in the region of the triplet satellite band. The spectra were recorded
at two positions: near the heat pipe wall (label d) and near the inner heater (label
e). The rubidium number density and the vapor temperature for were: d-
spectrum, Ny=1.1x10"7 cm ? and Ty=650 K; e-spectrum, N,=8.7 x 10" cm 3
and 7.=800 K. The inset shows the reduced absorption coefficient of the
rubidium diffuse band for the two investigated temperatures.
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Table 3

The reduced absorption coefficient of the rubidium diffuse band (in units
10737 cm®). The data are related to the flat absorption continuum at 620 nm (see
text for further explanations)

J (nm)  KRP J (nm)  kR® 2 (nm)  kRP J (nm)  kRP

590 0.7 595 0.99 600 3.585 605 3.451
590.2 0.709 595.2 1.006  600.2 3.813  605.2 3.442
590.4 0.719 595.4 1.024  600.4 4.047 6054 3.489
590.6 0.73 595.6 1.081  600.6 4.404  605.6 3.665
590.8 0.7386  595.8 1.087  600.8 4.603  605.8 3.788

591 0.733 596 1.097 601 4923 606 3.862
591.2 0.763 596.2 1.179  601.2 5.005 606.2 3.889
591.4 0.752 596.4 1.202  601.4 4997 6064 3.774
591.6 0.766 596.6 1.219  601.6 4.893  606.6 3.617
591.8 0.786 596.8 1.271  601.8 4.728  606.8 3.348
592 0.803 597 1.282 602 4.661 607 3.069

5922 0.795 597.2 1.331  602.2 443 607.2 2.695
592.4 0.81 597.4 1.362  602.4 4316 6074 2222
592.6 0.822 597.6 1.415  602.6 4201  607.6 1.883
592.8 0.83 597.8 1.448  602.8 4.149  607.8 1.569

593 0.846 598 1.512 603 4237 608 1.404
593.2 0.854 598.2 1.597  603.2 4336  608.2 1.184
593.4 0.894 598.4 1.654  603.4 4395 6084 0.978
593.6 0.902 598.6 1.799  603.6 4437  608.6 0.767
593.8 0.9 598.8 1.958  603.8 4457  608.8 0.599
594 0.91 599 2.113 604 4369 609 0.492

594.2 0.939 599.2 2.52 604.2 4.185  609.2 0.393
594.4 0.975 599.4 2.783  604.4 3.984  609.4 0.304
594.6 0.973 599.6 3.099 604.6 3.737  609.6 0.248
594.8 0.997 599.8 3325 604.8 3.624  609.8 0.225

(t”B(2)=kPB(L)L) relative to the optical depth T'5(1) of the
triplet satellite. In this manner, the error introduced by the
uncertainty in the value of the optical path L canceled out,
similarly as in the case of calibration of the intensity of the
triplet satellites by the intensity of the resonance wing. In the
evaluation of the optical depth 7°%(1) the height of the flat
continuum at 620 nm was subtracted. The analysis showed (see
inset of Fig. 5) that the reduced absorption coefficient of the
diffuse band, alike the triplet satellite, exhibited no temperature
dependence in the investigated temperature interval. The values
of the reduced absorption coefficients for the three peaks of the
diffuse band at wavelengths of 601.3, 603.7 and 606.2 nm were
obtained by taking the average of several measurements, and
they read:

kgB(601.3) = (5.040.7) x 1077 cm? (8)
kRB(603.7) = (4.54£0.7) x 107%7 cm® 9)
KRB (606.2) = (3.940.7) x 1077 cm’. (10)

The declared error bar includes the uncertainty of the reduced
absorption coefficient of the triplet satellites used in the
evaluation of the results.

The numerical values of the kR°(1) in the region between
590 nm and 610 nm, obtained by averaging several measure-
ments at different temperatures in the investigated range are
given in Table 3.

5. Discussion and conclusion

Rubidium triplet bands in the visible region have been subject
of many investigations in the past (see for instance [31,32] and
references therein). The primary motivation was examination of
the structure and dynamics of Rb, dimer at various internuclear
separations. The experimental data of the triplet satellite and
diffuse rubidium bands that are available in literature so far,
concern only their relative intensity (in arbitrary units). In the
present work, absolute values of their reduced absorption co-
efficients have been reported for the first time.

For the possible application of these reduced absorption co-
efficients as spectroscopic standards for the Rb number density
determination in the conditions of dense vapors, it was important
to examine whether they are sensitive to temperature variations.
To accomplish this, the spatially resolved measurements were
performed in overheated rubidium vapor. It was found out that the
reduced absorption coefficients of both the satellite and diffuse
bands, do not depend on temperature in the range from 625 to
800 K. In other words the absorption coefficients k" >(1) and
kPB(2) are solely the functions of N°.

The triplet satellite bands between 740 nm and 750 nm are due
the transitions (see Fig. 1) from the Rb, >3, (asymptote: 5S+5S)
ground state to the > I1, (asymptote: 5S+5P) state [31]. These
transitions occur in the narrow range of internuclear distances at
about 0.6 nm due to extrema in the differential potential curves
(Hund’s case c: ground state potentials 0, 1,, excited state
potentials 0, Og, 1, 24). According to theory [29], the
corresponding AV~200 cm™ ', which means that the theoretical
value of the Boltzmann factor exp [~ AV/kgT| varies about 5% in
the investigated temperature range (7=700+100). Similar
estimation is also obtained for the diffuse band occurring in the
SO (SSJrSS)—>31'Ig (5S+4D) transition. These assessments
show that the variations of these molecular features with tem-
perature are within the experimental error bars of the presented
data and could not be discriminated in the present experiment.

An estimate of the upper limit of the temperature interval in
which the rubidium diffuse band can be used for the number
density determination is illustrated by the following example.
With the optical depth being k(1)L =3 (absorption of about 95%)
at the wavelength of the weakest peak (A1=606.2 nm, kg(A)=
k(2)/N*=3.9x10"%" ¢m’) and the optical path L=6.5 cm,
one obtains N=(1.10+0.03) x 10'® cm ™. The temperature which,
according to the equilibrium vapor pressure curve [4], corresponds
to this number density, is 7~800 K. This temperature just
coincides with the upper boundary of the temperature interval
within which the theoretically predicted temperature variation of
the reduced absorption coefficient would still be smaller than the
experimental error bar in the present investigation.

We may conclude that the investigations of the rubidium
triplet satellite band (between 740 and 750 nm) and the diffuse
band (between 600 and 610 nm) band were made in order to
investigate whether they are reliable standards for the spectro-
scopic determination of the Rb number densities in a dense
vapor. The measurements were performed in an overheated Rb
vapor created in a heat pipe, and the mentioned spectral features
were investigated by spatially resolved white-light absorption.
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The method enabled measurements in the range of Rb densities
between 5x10' cm > and 1x10'® cm™>, and at temperatures
in the range from 600 to 800 K. It has been experimentally
verified that the reduced absorption coefficients of the rubidium
triplet satellite and diffuse bands are, within the experimental
error bar, independent of temperature in the investigated
temperature range. Consequently, they can be used as reliable
spectroscopic standards for the Rb number density determina-
tion at elevated pressures.
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