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Theoretical study of the absorption spectra of the sodium dimer
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Absorption of radiation from sodium dimer molecular states correlating to §)aki&(3s) is investigated
theoretically. Vibrational bound and continuum transitions from the sin)@;lﬁg+ state to the first excited
A's ) andB I, states and from the triplets| state to the first excited °Y; andc °Il, states are studied
guantum-mechanically. Theoretical and experimental data are used to characterize the molecular properties,
taking advantage of knowledge recently obtained fadminitio calculations, spectroscopy, and ultracold atom
collision studies. The quantum-mechanical calculations are carried out for temperatures in the range from 1000
to 3000 K, and are compared with previous calculations and measurements where available.
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I. INTRODUCTION II. ABSORPTION COEFFICIENTS

, the molecular density can be expressed

M ] ) in terms of the atomic density squared and the chemical
ography, summarizing a variety of work dating from 1874 t0gqyilibrium constanf11]. In the present study, we use the
1983. Nevertheless, recent developments in atom trappingtomic density-independent reduced absorption coefficient
and cold-atom spectroscopy have led to improved atomig /n2 wheren, is atomic density. Thus while the absorp-
and molecular data through combinations of measuremenigy coefficient has dimension (lengthy, the reduced ab-
on cold collisions, photoassociation spectroscopy, andgrption coefficient has dimension (length)
magnetic-field-induced Feshbach resonanf2s8]. Now Assuming thatl’ =J", whereJ” andJ’ are, the initial and
that very reliable molecular data are available, accurate cafinal rotational quantum numbers, respectively, the reduced
culations of absorption spectra over a broad range of waveabsorption coefficients are derived for the four possible types
lengths at high temperatures become feasible. of vibrational transitions, bound-bouridb), bound-fregbf),
Absorption spectra of the sodium dimer at visible wave-free-bound(fb) and free-free(ff) between two electronic
lengths can be considered as an extension of collisionadtates. For the temperatures of interest here, %000
broadening of sodium resonance lines. Such line broadening 3000 K, this is a good approximatibmsince J"~J'>1.
data are of keen interest to the lighting industry, for exampleThe radial wave functior for a bound level or a continuum
in problems relating to high-pressure sodium lamps. In thidevel is obtained from the Schimger equation for the rela-
context, absorption coefficients in absolute units for a gas ofive motion of the nuclei,
sodium atoms and molecules at temperatures from 1070 to

d?¢(R J(J+1)—A?
1470 K were measured over a range of wavelengths from #( )+ 2 UE—2uV(R)— ( ) H(R)=0,
350 to 1075 nm by Schlejegt al.[9]. They performed semi- dR? R2
classical calculations involving relevant molecular singlet (1)

and triplet transitions, and those calculations can reproduce

the overall shape of their absorption spectra but not finerwhereV(R) is the potential for the relevant electronic state

scale features such as rovibrational structures and satellitetabeled by the projection\ of the electronic orbital angular
The present work is concerned with the absorption involv-momentum on the internuclear axis,is the reduced mass of

ing two ground Na (8) atoms and a ground Na §Batom the nuclei, ancE is the eigenvalue of the bound level or the

and an excited Na (3 atom, corresponding to transitions continuum energy.

from theX 12$ state to theA '3, andB 11, states and the The bound-bound reduced absorption coefficient at fre-

triplet transitions from thea 32: state to theb 3E§ and quencyw for transitions from a set of vibration-rotation lev-

c 31'[g states. We assembled and evaluated the available data

for the molecular system, and quantum mechanically calcu-

lated the absorption spectra at temperatures between 1000rqr pound-bound transitions, one should take into account the
and 3000 K. We present theoretical absorption spectra of th@tational quantum number selection rules which give rise to the
sodium dimer which show many of the detailed structuresndividual P, Q, andR branches. However, in the interest of brevity
appearing in the experimental data by Schlegeal.[9], and  and without loss of generality, we present the approximate form
predict spectra at temperatures relevant to high-pressure sebtained usingl’ =J" in Eq. (2). One could generalize Eq2) to
dium lamps. include Hanl-London factors properly accounting for branches.
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els @"J"A") of the lower electronic state thermally popu- 30 T 20 AN R R
lated at temperatur€ to a set of vibration-rotation levels of ()
the upper electronic state (J'A") is [10,12-14
~ 18 B' I-X' £
K C(v) 5 5
&= — f(keT)exp(De/kgT) ] 2
Ny > s
> £ 16
g 8
o 2
X E z err(2J1,+ 1)9X[X— EvrrJH/kBT)| Tg 8
UHJH U, g [ §
2 _ [ S 14
X($yryar DR yrya)gr=0), @ 5 K RV
where v is the frequencyy is the transition energy of the oAl Ll el bl
bound-bound transition 4 8 12 16 20 24 4 8 12 16 20 24
! internuclear distance (units of a) internuclear distance (units of a)
(2= Sprspn) 8T FIG. 1. (a) Adopted potential¥/(R) for theX ', , A'S [, and
C(v)= 2_'5 3c 3 B I, electronic states.(b) Difference potentialsVy 1y, (R)
0.A" —Vy 125(R) andVa 15 +(R) — Vx 12;(R).
and[15] ff
—=C(1f(kgT) X | de’ wy(23"+1)
ke T) = (2S,+1) h2 r’z @ ng v
B (28,+1)2| 2muksT

Xexp(— €"IkgT)[{pengnar|D(R)| eryrard? (7)

S, and S, are spin multiplicities for the Namolecule and
the Na atom, respectively, akg is the Boltzmann constant. lll. MOLECULAR DATA

The line-shape functiog(v— v) is replaced by v, and in Certain potential-energy curves of Nare known more
evaluating Eg.2) at somev; on the discretized frequency accurately than others. While the potentials constructed here
interval, all transitions within the frequency range-3A»  may be far from spectroscopic accuracy, they are sufficient
to v+ 3Av are summed to give a value®(»;)/nZ. The for the present high temperature broadband study. The
nuclear spin statistical factan, for 'Na, with =3 is as  adoptedX 'Y, A'X [, andB 'I1, potentials and the differ-
follows; for singlet statesf1/(21+1)]=3% for evenJ and  ences of the upper potentials and the loWet ; potential
[(I1+1)/(21+1)]=% for odd J, and for triplet states, it i§ (difference potentials or transition energieme plotted in

for odd J and $ for evend. Fig. 1. The adopted °% |, b33, andc 1 potentials and

The bound-free reduced absorption coefficient for transithe difference potentials are plotted in Fig. 2. In the remain-

tions from a set of bound levels of the lower electronic stateder of the section details on the construction of the potentials

(v"J"A") to all levels '3’ A") of the upper electronic state are given. We use atomic units throughout.
that can be accessed by absorption of a photon at frequency

v is 30 T 20 prerT
] S _liv* (D)
Kbf 25 18 ¢ hi-az, |
—-=C(»)f(kgT)eXpDe/kgT) X D, wy(23"+1) O F ~ N
na " 3" 'IE 20 R g A
o L)
o f 2 16
Xexq_ EU”JH/kBT)|<¢U”\]”[\”|D(R)|¢E’J,A,>|2' :-é 15 E
5 g 2
© ; F %14
. . . . € 10 c
The continuum wave function is energy normalized. For a ﬁ - 2
free-bound transition and free-free transition, respectively, 5. b L -a's, -
— — 9
fb s ] i 1
kv_ D " Y T N A T Y T .
— =CWf(keT) 2 0y(2"+1) 4 8 12 16 20 24 4 8 12 16 20 24
Na v'J internuclear distance (units of a) internuclear distance (units of a)
X exp(— €"IkgT)|[(peryrar|D(R)|byryar)> (6) FIG. 2. (a) Adopted potential®/(R) for thea®3 , b3% ;" and
c?’l'lg states.(b) Difference potentiald/, 32;(R)—Va 3EJ(R) and
and

Ve 31‘IQ(R) —Va 323(R)-
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A. X '27 potential C. B I, potential

The RKR potential of Kusch and Hesd&8] was usefi
over the range of 2.65556714R<5.1735134 A. For the
values ofR in the ranges 2.581 AR<2.646 0268 A and
<30a, we used the Inverse Perturbation Analy8RA) po-  5.2519184 A<R<11.0 A, we took the potential values
tential given by van Abeelen and Verhd&i which is con-  from Tiemann[30]. We also took his long-range form,
sistent with data from photoassociation spectroscopy, mo-
lecular spectroscopy, and magnetic-field-induced Feshbach (10

resonances in ultra-cold atom collisions. For the long-range
form, we used with C3=6.1486, Cz=6490.5, Cg=868135.2, a

=23.7011, andb=0.7885. ForR<2.581 A, the form
aexp(—bR)+c was used with the valuea=14.97332,b
=1.42983, andc=0.0121935 chosen to give a smooth
connection with the data from Tiemann.

The B I, potential exhibits a barrier that has been stud-
ied extensively{21,29—-31 and the maximum value occurs

For R<4a,, we adopted a short-range forarexp(—bR),
with a=2 702514.0 cm! andb=2.797 131 A'! as given
by Zemke and Stwalley16]. Over the range of d,<R

C3/R3—C4/R%+Cg/R®—aexp —bR),

—Cg/R®—Cg/R8—C o/R¥— AR72e  lexy — 2aR),
tS)

where Cg= 1561 [2], Cg=111877, C,= 11065 000[17],
A=35, anda=0.626[7,18]. To fit the very accurate disso- maxi
ciation energy, 6 022.0286(53) cth recently measured by aroundR=13a, (6.9 A) as shown in Fig. 1. We toob,
Jones etal. [19], a point at the potential minimum =2 676.16 cm® using T,=20319.19 cm* from Kusch
5.819 46@, was added. The short- and long-range data weré&nd Hesse[28] and the barrier energy 371.93 chmea-
smoothly connected to the IPA values. Vibrational eigenval-sured from dissociation given by Tiemafi80]. The calcu-
ues calculated with our adopted potential agreesfer4 to  lated energy 23393.524 cm of the v’ =31, J' =42 state
within 0.1 cni * with published Rydberg-Klein-RedRKR)  With respect to the 12g state potential minimum compares
values[16]. Our final potential yielded as-wave scattering Well to the measured value: 23 393.650 cmQuasibound

length of 1%, in satisfactory agreement with the acceptedlevels fromv’=24 tov'=33 for the several’ values ob-
value of (19.12.1)a, [7]. served by Veddeet al. [32] are reproduced to within 0.1
cm ! and calculated transition frequencies compare well, to
within 0.5 cm !, with those measured by Camackobal.
B. A3 F potential [33].
We usedab initio calculations given by Konowaloet al.
[20] for values ofR over the range 3&<R<4.7%,. We
combined the RKR potential values over the range 2.522 19
A <R<7.204 14 A given by Gerber and Mer [21] with the
RKR potential values over the range of 7.260536 R
<261.327 403 A given by Tiemann, Kokel, and Richling
[22,23. The data were connected to the long-range form,

D. a®% 7 potential

RKR potentials are available from Li, Rice, and Fighd]
and Friedman-Hill and Fiel{35] and a hybrid potential was
constructed by Zemke and Stwallgy6] using various avail-
able data. An accuratab initio study was carried out by
Gutowski [3] for R values between 2 and 12.1 A and the
resulting potential has well depth 176.173 chand equilib-
rium distance 5.204 A.

Our adopted potential consists of Gutowski’'s potential
connected to the long-range form given in E8) with the
values forCg, Cg, Cyg, and a the same as for th¥ 1Eg

—C3/R®—C4/R®—C3/RE, 9)

with the values of C3=12.26, C4=4094, and Cg
=702500[24]. For R<3.8a,, the formaexp(-bR+cwas  giate, but withA=— &. For R<2 A the short-range form
used with the parametera=0.9532, b=0.5061, andc aexp(—bR) was used witha=1.4956 andb=0.79438 cho-
=0.104696 computed to smoothly connect to the RKRsen to smoothly connect to tha initio data. Our adopted
points. The adopted potential yl_el|d5 a valuelyf=8297.5  potential yields ars-wave scattering length of 85 in agree-
cm * using T,=14680.682 cm™ [21] and the atomic ment with the value 65:80.9 of van Abeleen and Verhaar
asymptotic energy of 16 956.172 ¢h[25]. The calculated [7]. Recently, a potential alternative to Gutowski's was pre-

eigenvalues reproduce the input RKR values to within 0.45ented by Heet al. [36]. For the present study the two po-
cm~ L. For the transition frequencies measured by Vermaientials are comparable.

Vu, and Stwalley{26] and by Vermaet al.[1] over a range

of vibrational bands we find typical agreement to about 0.4
cm™ ! for J’ values up to 50 increasing to 1 crhfor J’ B . .
=87. We also have good agreement with less accurate mea- e are unaware of empirical excited-state triplet poten-
surements by Itolet al. [27]. One precise transition-energy tials, butab initio calculations are available from Magnier
measurement is available: In a determination of the dissocia-

tion energy of the sodium molecule, Joretsal. [19] mea-

E. b 327 and ¢ I, potentials

sured the value 18762.3902(30) cthnfor the v’ =165, J’
=1 to v”"=31, J’=0 transition energy. Our value of
18762.372 cm? is in excellent agreement.

2For this reference, we correct an apparent typographical error of
4.309 78 A with 4.339 78 A obtained by comparison with the RKR
potential of Demtrder and Stock29].
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et al. [37], Jeung 38], and Konowalowet al.[20]. Compar- 18 T
ing the available potentials, we found for théig state that -
the experimentally39] determinedr,, of 18 240.5 cm* and 128 - S 7
D, of 4 755 cm ! are closest to Magnier's calculated values 126 | o8 ?_ OO. - |
(Teof 18117 cm ! andD, of 4 740.7 cm 1) compared with 7 o] qeea l?‘%g Bl
Jeung’s T, of 18400 cm* and D, of 4 702.4 cm!) and 2 124l o Oo| @mL mmm BAw 1
Konowalow et al's (D, of 4599 cm!). Also, we found % ) L, H o 2, ©
Magnier’s potential gave the best agreement with experimen- £ 55| |© B "o o % _
tal measurement§40] of the term differences of the 0o
a3 (v")—b 3E+(v ) vibrational transitions. For the 12 F O measurements .
b33, state, and in the absence of experimental data for the w caleulations
3Hg potential, we adopted Magnier’s calculated potentials 18 ——— '10‘00' — '20'00' — ‘30'00‘ 2000
over the range oR values ®,<R<52a,. Over the range of term energy (cm™)
R values 4.28,<R<5a,, we used potentials by Konow-
alow et al.[20]. For theb % ; andc °I1; adopted potentials, ~ FIG. 3. Comparisons of calculated lifetimes &% ro-

the long-range form was taken from Marmescu and Dalgarnaibrational levels with experimental measuremewts].

[24] for R>52a, and for R<4.2%,, we used the form

aexp(-bR) where Sthf values area=55.7864 andb  dipole moment function in the range of internuclear separa-
=1.75934 for theb "% potential anda=2.67691 andd  tjon from, roughly, 4,<R<10a, and they obtained an em-

=0.91547 for thec °II, potentlal pirical value for the function that we found to be in good
N _ _ agreement with the transition dipole moment function of
F. Transition dipole moment functions Stevenset al.[41]. Using the transition dipole moment func-

We used for the singlet transitions tla initio calcula-  tion of Stevenset al,, in turn, we find good agreement be-
tions of Stevent al. [41] over the range & <R<12a,  tween our calculated lifetimes and experimental lifetime
For R>12 the transition dipole moment functions were ap-measurementst7], as shown in Fig. 4. Thab initio dipole
proximated bya-+b/r3, wherea=3.5864 andb=284.26 moment of Konowalowet al. [42] was found not to repro-
for X 12+HA12+ transitions anda=3.5017 andb= duce the experimental lifetimes. Our calculations agree with
—142. 13 forX 1§g_>5 1, transitions. The parameter val- those previous calculatiorjg8] within quoted experimental
ues fora were selected to match the short-range parts andncertainties.
those forb were from Marinescu and Dalgarri@4]. The
X 12;—>A123 dipole moment function was scaled with a B. Absorption coefficients
factor of 1.008, as discussed in Sec. IV A below. For the
triplet transitions theab initio calculations of Konowalow
et al.[42] were used over the rangeg< R<100a,.

Absorption spectra in the far-line wings of the
Na(3s)-Na(3p) resonance lines are investigated in terms of
singlet and triplet molecular transitions. The blue wing con-
sists of absorption fronX 'Y —B'II, anda®3 ] —c Il
transitions, and the red wmg frorrx 35—A 12* nd
A. Lifetimes a®s [ —b 3% transitions. There are few experlmental stud-

In order to evaluate our assembled potential-energy an(fS [9 14,49, ‘and that of Schiejest al.[9] is most relevant
transition dipole-moment data, we calculated lifetimes of

IV. RESULTS

rovibrational levels of the\ '3 andB I1,, states and com- 7.7 ——————

pared with prior studies. Lifetimes for levels of tie's, I

state have been measuf@®,43—43 and calculatedi26,46]. I O measurements ]
In Fig. 3 we present a comparison of rotationally resolved 75 |- = calculations N

lifetimes for levels of theA S| state measured by Baum-

gartneret al.[45] with the present calculations. In evaluating

the lifetimes, we used the procedures described in [Réf.

The transition dipole moment function of R¢41] was mul-

tiplied by a factor of 1.008 providing good agreement with o

the lifetime measurements of Baumgartedral. [45]. Our 71 | g

calculations are also in good agreement with the rotationally I

unresolved measurement of Duagtsal. [43] and the calcu-

lations using different molecular data by Pafd®]. 6.9
Rotationally resolved lifetimes for thB 1II, state were

measured by Demitderet al. [47] and calculated by Cama-

choet al.[48]. Demtraler et al. found that the lifetimes for FIG. 4. Comparisons of calculated lifetimes BFII,, rovibra-

the B I, state are sensitive to the slope of the transitiontional levels with experimental measuremef#g).

lifetime (ns)
\l
(4]
T

R S B BRI
0 1000 2000 3000 4000
term energy (cm")
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Tt‘leory‘ Experiment FIG. 5. Comparisons of the
present theoreticalleft side and
the experimental9] (right side
absolute values of the absorption
coefficient for the four tempera-

f ! ! f f 0 tures(a) 1470 K, (b) 1340 K, (c)

®) 1180 K, and(d) 1070 K. The cal-
1 oos culations were performed with a
bin size Av=10 cm!. For the
experimental data the symbols I,

’ ‘ ‘ ’ ’ 0 II, and Il indicate, respectively,
the as3/—cll,, X/
—ASr, and 513923—>b323r

M‘\ satellites. (The features between

) ‘ ‘ 770 and 790 nm are due to potas-

o ‘ sium and rubidium impurities.

L*‘\\\ The experimental data were re-

0.05

0.05 |-

0.05 |-

absorption coefficient (1/cm)

= ===

F——t— 0

(d)
0.05 - 1 0051 . 7 produced from Fig. 5 of Schlejen
| ‘f lil et al. [9] with permission from
! ! ! 0 et L M - N L the Institute of Physics and the
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000 authors.
wavelength (nm) wavelength (nm)

to our work. In this section, we compare our calculated abbe seen by comparing columrig) and (b) in Fig. 6, the
sorption coefficients with the measurements of Schlejersinglet transitions contribute more to the reduced absorption
et al.[9]. coefficients in the far-line wings and the triplet transitions

The theoretical spectra are assembled from four moleculazontribute more near the atomic resonance lines. We found
band spectra over the wavelength range 450—1000 nm exhat for singlet transitions bound-bound and bound-free tran-
cluding the region 5882 nm around the atomic resonance sitions are dominant over free-bound and free-free transitions
lines. The far-line wings are calculated using E(®—(7),  for the temperature range< 3000 K, thus accounting for the
with the data from Sec. Ill. In the calculations, all the vibra- “grassy” structure in Fig. 6a). However, the free-bound and
tional levels including quasibound levels with rotational free-free contributions increase rapidly with temperature. In
quantum numbers up to 250 are includefihe maximum contrast to the singlet transitions, the triplet transitions arise
internuclear distance that is used for integration of the tranmainly from free-bound and free-free transitions due to the
sition dipole matrix element is approximately Ey0and the  shallow well of the initiala 33| state. Hence, the reduced
Numerov integration used to obtain the energy-normalizechbsorption coefficients in Fig. () do not exhibit much
continuum wave function is carried out to H)) at which  structure. Because the density of bound molecules decreases
the wave function is matched to its asymptotic form. In orderrapidly with increasing temperature, the reduced absorption
to simulate the experiment, it is sufficient to use a 10 ém coefficient in the line wings due to the singlet transitions also
bin size Av for the approximate line shape function in Eq. decreases rapidly with increasing temperature. It should be
(2). Results for absolute absorption coefficients were comnoted that the scale of the reduced absorption coefficient at
puted with the quoted atomic densities and temperatures df000 K is two orders of magnitude larger than the scale
Schlejenet al. [9]. The corresponding theoretical calcula- shown forT=2000 and 3000 K.
tions and experimental measurements are compared in Fig. Woerdman and De Grod#9] derived the reduced ab-

5. The spectra show clearly that, as temperature increasesprption coefficient at 2000 K from a discharge spectra. The
certain satellite features grow more apparent at 551.5 angheasured values of 511037 cn® at 500 nm and 10
804 nm. These satellites will be discussed in greater detai-1x 10 %7 cn at 551.5 nm are well reproduced by our
later in this section. Our calculations reproduce fine-scal&alues of 5<107 3" and 11x 103 cn?, respectively calcu-
rovibrational features present but unresolved in the measuréated with a bin sizeAv of 5 cm ! simulating the experi-
ments of Ref[9]. mental resolution obtained by Woerdman and De Gf46}.

We also have calculated reduced absorption coefficients The molecular absorption spectra contain “satellite” fea-
at temperatures up to 3000 K using the bin size of 1 tures around the energies where the difference potentials pos-
cm* for Eq. (2). The contributions of the four molecular sess local extremgg0,51. For Na the satellite frequencies
bands to the reduced absorption coefficients are shown iwere studied9,14,49,52, and the energies calculated using
Fig. 6 for three temperatures 1000, 2000, and 3000 K. As cagb initio methods[42]. In the present work, we investigate

the satellites arising froma %% [ —c3Ily, X'2;—-A'S ],
anda’®s | —b33 transitions with measured maximum in-
3We accounted for rotational branches in the calculation for théensities at the wavelengths 551.5, 804, and 880 nm labeled,
bound-bound transitions X 'S, —A'S | and X'X;—B'I,  respectively, I, II, and Ill in Fig. 5. The calculated extrema of
bands. the difference potentials adopted in the present study occur at
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(a) singlet bands (b) triplet bands (c) all bands
10 T T T 10 T T

) 4)

5| : 5|

o 1 A—J 1 L
500 600 700 800 500 600 700 800
15 T T T

0 @) ]

. ! .
500 600 700 800

reduced absorption coefficient (1 047cm5)

800 — ——
0| .
wo | @ ]
200 | €) ]

N - L

500 600 700 800 500 600 700 800

wavelength (nm)

FIG. 6. Contributions to the reduced absorption coefficient at 1000adom plotg, 2000 K (center plots and 3000 K(top plotg from
molecular band radiation frorfe) the singlet bandsX 'Y j —A 'S (1) and X 'S —B'I,(2) transitions; andb) the triplet bands,
adyi— 32 (3) anda®3s; —c 3Hg(4) transitions. The total of the singlet and trlplet bands is show(t)inNote that the scale for the

reduced absorptlon coefficient at 1000 K is very much greater than the scale at 2000 and 3000 K. The calculations were performed with a
bin sizeAv=1 cm %,

wavelengths at 548, 809, and 910 nm; however, in theuently, the decrease of the satellite intensity with tempera-
guantum-mechanical approach there is no well-defined sirture is less severe. The slight discrepancy between the calcu-
gularity. lated wavelength of 550 nm and the measured wavelength of
We can use the quantum-mechanical theory to study sat51.5 nm[49,53,54 for the peak intensity is probably due to
ellite features in more detail and as a function of temperafremaining uncertainties in the triplet potentigBs].
ture. In Fig. 7 we show calculated reduced absorption coef- Thea®S . —b33 . satellite is far weaker in intensity at
ficients at three temperatures for tle’S ; —c®ll; and  T=<3000 K than theX 'Sy —AS] anda’s | —c 3l sat-
1E;HA12+ transitions. The rich rovibrational structure ellites. It arises prlmarlly from free-bound transmons The
in the X12§HA12+ satellite feature arises because thepopulation density of atom pairs with high continuum ener-
dominant contributions are from bound-bound transitionsgies in the initiala °3, state increases with temperat(isee
the structure is not reproduced by semiclassical thef@ks Eq.(6)], and more rovibrational levels in the®S | state are
In contrast, the smooth, structureles§j—>c3ﬂg satellite  accessible through absorption of radiation, as can be seen
feature is due mainly to free-free transitions, and, consefrom the potential curves shown in Figi@. As a result, this
satellite feature exhibits an increase in intensity with tem-
perature. In Fig. 8 our calculated absorption coefficients for
temperatures 1000, 1500, 2000, and 3000 K are plotted. The

w
w

n
T
|

-38 5,
cm’)
n

15 |

pury
pry

05 [

1000K/
0 0

545 550 555 560 785 795 805 815
wavelength (nm) wavelength (nm)

reduced absorption coefficient (1 0 cms)
reduced absorption coefficient (1 (1 cms)

o b ) T
830 840 850 860 870 880 890 900 910 920
wavelength (nm)

reduced absorption coefficient (10

FIG. 7. (a) Calculated reduced absorption coefficients for the

ass}t —>c3Hg satellite for three temperature) Calculated re- FIG. 8. Reduced absorption coefficients near satellite structures
duced absorption coefficients for the'S  —A'S ] satellite for ~ from a®s;—b®s ] bands for four temperatures. Note that the

three temperatures. scale is two orders of magnitude smaller than in Fig. 7.
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satellite feature intensity was measured at 1470 K by Schlgtemperatures. Using accurate molecular data, good agree-
jen et al. [9], and they observed a primary peak at 880 nmment is obtained in comparisons between theory and experi-
and a secondary peak at 850 nm, compared to our calculatedents[9,49]. Future work will focus on comparisons of the
values at 1500 K of 890 and 860 nm, respectively. Thepresent theory and ongoing higher resolution experiments
10-nm discrepancy in both peaks is probably a result of unwith inert gas perturbers5].

certainties in the short range parts of our ado@éd | and

b 3Eg potentials. Our calculations also demonstrate that the
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