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ABSTRACT

We report a high-resolution study [0.0036 nm full width at half maximum (I"'WIIM)] of
electron-impact- induced emission spectra of CO at 30, 75 anti 100 eV electron-impact energies.
The spectral features were acquired in optically thin conditions, and represent the highest
resolution single-scat[cring emission spectrum of CO induced by electron impact yet available. At
the specified resolution, now attainable with our newly constructed 3-m vacuum ultraviolet
spectrometer, wc observe rotationally resolved emission bands of CO In the extreme-ultravicjlct
(cuv), from the vibronic states B'Y' (0), C'%' (0), and 1 '11 (0), to the ground state X 'E' (0). A
simple model of these bands, based on the 1 16nl-1.ondon factors and unperturbed rotational
constants, is constructed and is shown to be in good agreement with the observed spectra. The

predissociation yield for the }; 11 electronic state has been determined, showing that the 11-slate
has the largest predissociation cross section of CO for all singlet state Rydberg series members.
The excitation function of the [}“,'Il O - X y (0)] trangition, in the 0-800 CV impact energy

range, is measured for the first time, permitting determination of the oscillator strength by using a

modified horn approximation analytical fit .



INTRODUCTION

Asthe most abundant interstellar molecule after 112 [ 1], CO plays a very important role in
the photochemistry of the interstellar medium (ISM) [2] . While H>, in most cases, cannot be
detected directly, CO is readily observed by radioastronomy and therefore has been utilized as a
tracer molecule [3] for molecular hydrogen. The abundance ratio of COto 2 is difficult to
determine from observations of the 1 SM, but can be obtained through theoretical models [4]
These models involve chemical reactions in which photodissociation by vacuum ultraviolet
radiation (vuv)isthe main destruction mechanism for CO [ 1], particularly in the range between
91.2 nm, which is the edge of the absorption continuum of atomic hydrogen, and 111.8 nm, which
is the dissociation limit of CO into ground state atoms. The rate of photodissociation of CO by
vuv is onc of the major uncertainties in these models. In view of the.se uncertainties and the
importance of carbon monoxide as a tracer molccule, a large number of experimental studies
have been performed. These studies were aimed at finding coincidences between molecular
hydrogen emission lines and CO absorption lines, and at establishing the photodissociationrate in
CO. A variety of techniques were used, including, classical spectrographs [S, 6], synchrotrons
radiation [7- 10], and laser mecthods[1 1-13]. A review of molecular parameters (wavelengths and
oscillator strengths) of CO with comparison with uv data has been published recently [14]. It
clearly points out that the large variation (a factor of 2) in the oscillator strengths of three of the
strongest Rydberg states (B, C, 1Y) of CO remain a major obstacle in modeling the ISM. These
states have prominent (0,0) vibronic bands in the extreme ultraviolet (euv). For this reason, we

have carried out the first high-resolution euv measurements of single-scattering excitation of the




rotational line structure by electron impact . We have recently reported [15] the oscillator
strengths of the B'Y' (0) -» X '2' (0) and C'' (0) -» X 'Y’ (0) transit ions and, in this paper, we
report the oscillator strength of the [ ' 0) > X 'y (0)] transition.

Of the dozen or more bound states in the singlet state manifold structure of CO, the k-
state  photoabsorption cross scction dominates all discrete dissociation channels [1 O].
Photodissociation can occur, mainly, in two ways: either by continuum absorption into repulsive
electronic states or vialine absorption into predissociating states [16]. Experimental evidence [5,
10,17] suggests that the latter mechanism is the more important for CO. in particular, line

absorption into ns o, npc 's* and npnt 11 Rydberg serics can be used to explain the absorption
spectrum. Although the 3po C 'y (0) vibronic state has the largest absorption cross section in

the euv [10], there is no evidence of either predissociation [10] or accidental predissociation [ 13].
The lowest energy predissociating state isthe 3pm 1 1. All Rydberg states for all Rydberg series
above the 1:(0) vibronic level arc 100°/0 predissociated, as shown schematicaly in Fig. 1. The 1((O)
level is particularly interesting since it has the second largest absorption cross section in the cuv
[ 10] but is subject to only weak predissociation, as judged by the observed 1:(0,0) band [ 15].

A comprehensive work on predissociation has been carried out recently using cuv laser
spectroscopy [ 12,13, 18]. Predissociation reduces the lifetime of the excited state and may be
dctected as line broadening, which can affect the whole rotational manifold via direct coupling to
the continuum or can affect a few rotationallevels via accidental predissociation| 12]. l.aser

spectroscopy studies for cases of strong predissociation have shown that the predissociation rates

of CO can depend not only on which particular vibronic states arc excited, but also on the




rotational substates and even on the A- doublet component of ' states [18]. Becausc of the

competition between radiative and dissociative channels, however, the fluorescence from
predissociating states is reduced. Therefore, emission studies arc a more sensitive probe of
predissociation. As an example, in the medium resolution study of Ajelloct a. [1 9],
predissociation rates for the vibrationa levels of thec,’ 124 ¢ state of N,, i. c. , the isoelectronic
equivalent of CO, were so obtained, by comparing emission to excitation cross sections.

Our group at the Jet I'repulsion 1 .aboratory has also previously published both a low
resolution [20] and medium resolution [15] studies of the electron impact-induced emission

spectra of CO in the range 91-116 nm, showing transitions from the states B'x' (0), C'%* (0),

and ' (0), to the ground state X 'y (0). The internuclear distance for the minima in the

potential curves of the Rydberg and valence states of CO overlies exactly at the minimum of the
ground state, as shown in Fig. 1, resulting in intense (0,0) bands. in our earlier study [1 5], wc
reported the emission cross sections, together with a determination of the excitation function for
the 3 (O, O) and C (O, O) transitions. Oscillator strengths for thesc transitions were aiso reported
[ 15]. At the spectral resolution under which those spectra were obtained {[FFWIHM = 0.025 rim], it
was not possible to observe the rotational line-structure of the transitions in question. in search for
the rotational substates dependence of predissociation rates for weak predissociation, in this high-
resolution study, complementary to the laser spectroscopy, we present the CO emission spectra
for the B(0), C(O) and 1:(0) states. With a FWHM of 0.0036 nm, it is now possible to resolve the
rotational structure of the E(0, O), C(O, 0) and B(0, O) transitions. In addition, the excitation

function for tbc 1'1 1 (0) > X '2' (0) band has been measured for the first time. By fitting the




shape of the excitation function with an analytical expression based on the modified 3orn
approximation [21, 22], the oscillator strength has also been determined

In the remainder of this paper, we describe the experimental apparatus, the high resolution
measurements of the (0,0) resonance transitions of the B, C, }: states and the spectroscopic model,
and finally the measurement of the 1{(0,0) excitation function and modified Born approximation

anaysis.

EXPERIMENTAI, APPARATUS

The experimental apparatus has been described in detail elsewhere [23]. in brief, a high-
resolution 3.0-m spectrometer system was used, 1t consists of an electron impact collision
chamber in tandem with a uv spectrometer. UV emission spectra of CO were measured by
crossing a magnetically collimated beam of electrons with a beam of CO gas. A Faraday cup,
designed to minimize detection of backscattered and secondary electrons, is used to monitor the
electron current.

'To acquire emission spectra, the beam of CO, formal by a capillary array, is crossed by
an electron beam at 90°. The impact-energy of the electron beam is kept fixed and emitted
photons, corresponding to radiative decay from the collisionally excited states of CO, arc
dispersed by the uv spectrometer and then detected by achanneltron detector. A resolving power

of A Ak = 30,000 was achieved by operating the spectrometer in second order, with both

entrance and exit slits equally set at 20pum. The glit function at this setting was triangular, with a




resolution of 0.036 A FWIIM. The emission spectra were obtained at various incident electron
energies. in particular, spectrawere obtained at 30 CV for the B(0, O) transition, 75 CV for the
10, O) and 100 eV for al the bands.

Excitation function measurements for the 1:(0) state were carried out at a specific
wavelength (1 076.1 A) by measuring the relative intensity of the emitted radiation as a function
of the electron beam energy. in this case a uniform static sample of CO was admitted to the
chamber, forming a cylindrical line-source collision region, thereby eliminating problems
associated with a possible variation in size of the electron beam with changing energy.

All transitions observed in this study are toward the ground state of CO, X 'y (0) and

thercfore, to ensure optically thin spectra, care must be taken in choosing the operating pressure.
If the optical depth at line center of the strongest rotational linesis less than 0.1, self absorption
effect can be neglected. Below this pressure the measured cross section will be independent of
pressure. The procedure used to determined the maximum background pressure that can be used
and while maintaining optically thin conditions has been presented in detail elsewhere [ 15]. The
photon path length from the interaction region to the entrance dlit of the spectrometer was 11.0
cm and the laboratory apparatus temperat urc was 330 K (duc probabl y to radiat ive heat ing from
the hot filament in the elctron gun). in this case, optically thin conditions were achicved by
maintaining, a background gas pressure in the collision chamber of less than

4,0x 10-5 Torr for the Ii- state and less than 1. 0x10- *Torr for the B- and C-state.




EXPERIMENTAL, RESULTS

The measurements described here involve highly excited states of CO. A schematic
potential energy diagram (in which the states studicd arc indicated), is presented in Fig. 1. The
shaded area indicates the Franck-Condon region. The high resolution, electron-impact mission
spectra of B'E' (0) -»> X '3 (0), €' (0) -> X '3 (0) and E:"11(0)--» X '%' (0) transitions arc in
the 1070-1160 A region, and arc shown in Yigs.3, 4, S, and 6. Figure 3 gives an overview of all
the features of the cuv spectrum of CO studied in this work, with identifications. The spectra
were obtained at 100 CV electron-impact energy, with abackground gas pressure of 1.0 X 10"s

‘1’ err, in order to avoid effects of self-absorption, especially for the C X'y (0) band, which
has the largest oscillator strength of the three bands studied [15].

The spectral region from 1075.4 to 1077.5 A contains the direct transition from the M
(v’ = O) to the ground state, while the region from 1086.5 to 1088.5 A shows the rotationally
resolved transitions from the C '3 (0) again to the ground state of CO. The C'3" state has been

the subject of numerous spectroscopic investigations. The first was performed by 1 lopfield and
Birge [24]. Recently, Eidelsberg et al. [5, 6] performed an absorption study of this state in the
vuv, while an extensive study employing cuv laser spectroscopic techniques has been reported

by Ubachs et al. [13]. in the 1149.5 to 1151.5 A spectral region, wc observe the cuv transition

from the B '11(0) excited state of CO to the ground state and an atomic component (O1'D -'D?)
at 1152 .15 A [25]. The B'T1(v')— X ' (v") vibronic bands has been studied in detail by

1 ‘idelsberg et a. [26], both in absorption and in emission. The mission spectrum was obtained

by means of a discharge lamp, with a CO pressure of fcw millitorr. They observed




predissociation for the B(v = 1,2) levels but no predissociation in the By’ (0) » X byt ©)

band. As reported by Kanik et al. [1 5], this band exhibits an anomal ous behavior, showing a
sharp peak in the excitation function at very low electron-impact energies, probably arising from
spin exchange due to significant triplet admixture [15]. For this reason, wc obtained a spectrum

of the B'Y’ (O, O) transition at an electron-impact energy of 30 ¢V, which corresponds to the

maximum of the emission cross section for this state [15]. The results are presented in Fig. 4,
where the individual Jlevels up to J= 19 for the R-branch arc clearly resolved. In this figure we
also compare the measured spectrum with the output of a model, which will be described in
detail below.

‘The model, based on the 116nl-1.ondon factors, makes use of the unperturbed rotational
constants of Ubachs et al. [18] (1'able 1) for this state, and of Huber and Herzberg [27] for the
ground state. The model generates emission intensities and wavelengths for the rovibronic
transitions from the excited state to the ground state. One of the parameters of the model is the
temperature of the gas sample. It was found that the best agreement between data and model was
achieved by adopting a temperature value of 330 K. By convoluting the model intensities with
the triangular dlit function of the spectrometer, wc obtain a synthetic spectrum that can then be
compared with the measured spectrum. The model output and the data arc both nor malized to
unity, to facilitate comparison. We obtain a good agreement , as shown in Fig. 4. The triplet-
state admixture does not scem to affect the singlet character of the state to any great extent. It is

quite clear that no perturbations arc present in the experimental data, ant] that the model fits




satisfactorily. It must be pointed out that no predissociation can be fount] from the B '3 (v=-0)

state, since it ics below the dissociation limit of CO.

in Fig. 5 we present a spectrum of the C'E' (0) —» X'E" (0) transition. The energy of the
C'y' (v = 0, 1) levels lies above the dissociation limit, 11.09 ¢V, so that they may either
predissociate or decay via fluorescence (see Fig. 1). 1.etzelter et a. [ 10] reported that the
predissociation yield of the C(0) level is a the most 10% , while the C(1) isalmost entirely

predissociated. The C'¥' (0) — X '3 (0) transition, shown in Fig. 5, contains approximately

98% of the cuv emission between the C 'Y state and the ground state [20 and ref. therein]. Here
again our model (which dots not contain any predissociation termsin this case) is in good
agreement with the observed spectrum, thus indicating that almost no perturbation or accidental
predissociation iS present.

in I'ig. 6 we show the spectrum of the 1:'11(0) - > X ' (0) transition, again compared
with the model output (this time with a predissociation term). This transition was first observed
by Hopficld and Birge [24] in emission. Thisled to the conclusion that the level 1 '11 (0) was
not predissociated. I.cc and Guest [ 17], however, found very weak fluorescence from this state
anti 1.etzelter et a. [10] were able to determine that the 14 (0) , although still fairl y intensein
emission spectra, was indeed predissociated. This was determined with a measurement of the
fluorescence yield after excitation by synchrotrons radiation . An accidental predissociation Of
the 1:(0), J= 31level of c-parity was observed by Simmons and Tilford [28]. Baker ct a. [29]

identify the perturber as the k(v 3), J:31level. in their extensive laser spectroscopy study
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at high temperature, Cacciani et al. [12] also obscrved accidental predissociation fOr two more J

levels ()= 41and J =44), and assigned the perturber as the k 3| 1(v=-4) state.

PREDISSOCIATIONYIELD FOR E111(0)

To determine the predissociation yield of this state, wc have used an alternative and
entirely different approach which genecrates complementary information to the UV emission
process. electron impact excitation. For example, for states with negligible or known cascading
branching, predissociation cross section can be obtained by comparing the measured mission
cross section from that state to the corresponding excitation cross section obtained from the
clectron energy-loss spectrum. The predissociation cross section E-state of CO (where cascade
contribution is zero) may be estimated using the following expression:

Qe Qure Qs Q) )
where QW is the predissociation cross section, Q. is the direct excitation cross section, Q emisis

the emission cross section of an electronic state (in our case 1i'11) to the ground state (X '2*)

and Q, is the “branching” cross scction.Ineqn. 1., the quantity Q.. +Q, represents the “total”
cnission cross section. After the initial excitation the CO molecule can branch down through
several intermediate states and produce fluorescence in the wide range of wavelengths, in
addition to the direct KUV transition to the ground state measured in this work. ‘] "his approach
has been used for the determination of predissociation yields of thee,',b'andbstatesof N2[19,

30] and 11 , Rydberg states [31].

11




For a negligible or known amount of cascading from an upper state (and/or branching to

alower state), the total emission yield of an excited electronic state i to the ground state x can be

defined as
_,Q mis
7 ) . e __[’_ S
s X0, @

The predissociation yield, 1, for an excited ¢lectronic state of CO may then be estimated using

the following expression:

n,=1 M) 5 x + %("b‘)]\’] ©)

2Pk

where & represents the total emission yield of an excited state to all lower excited
electronic states (i.e. branching) other than the ground state. The branching ratio estimates

indicated that branching loss from the E'1” 1 state, viaB 1%+, C1* and A '11 states, accounts for a
maximum of only 8% of the total emission observed from the 1:'1 1 state [20].
By employing equations (2) and (3), we obtain an amount of 88% predissociation Yield

for the 111 electronic state based on the comparison of direct excitation [32] and total emission
[ 15] cross sections and taking into account of 8% emission yield to lower excited states ( 3'27,
Ciyiand A11]). Letzelter etal.[10]measured predissociation yield for individual vibrational
states (v’ = O and v’ ‘- 1) of the K111 electronic state and found 89% and 98% predissociation,
respectively. The two measurements for the 1: '11(v = 0) state arc found to be in excellent

agreement.

12




In the next section, wc will present our model of the £(0,0) transition. This model and

the data presented in Fig. 6 alows us to obtain predissociation yields for the 11’ and IT

sublevels of the 1'11(0) level.

THE COMODE],

The present measurements of the rotational line intensities of the CO B(0, O), C(0, O) and
1:(0, O) transitions were modeled by usc of 1 16nl-l.ondon factors. The construction of the model
for producing synthetic spectra for -2 and 2-11 transitions has been described in detail
elsewhere[ 23, 3 1]. Strong perturbations can be neglected, except for weak predissociation of
the ii(O) vibrational level by an unknown repulsive predissociating state(s). The resultsarc in
stark contrast to our recent work on FEUV transitions for the isoelectronic molecule N,[33].in
that work, analysis of the N ,(cs"(0,0) ) was performed and demonstrated that the rotational
envelope of the Carroll-Yoshino resonance band shows evidence of strong perturbations by
several nearby states.

A brief description’of the CO model is given below. The excitation and emission fine

structure transitions for >--X and Z-11 arc shown schematically in Fig.2. The measured intensity,
1, of any rotational line (J, J*) is proportional to the excitation rate. The excitation rate, g(v’, J) to

any upper rotational level Jis given by

13




J =4 vy "

, - N, J)SU,J

g, =01 X | v, N )]

J=J-1 2J +1) (4)

where Q  is the excitation cross section, I’ is the electron flux, N(v”, J') is the population in the
ground level and S is the normalized 1lénl-1.ondon line strength [31]. The rotational line
intensities for the 1'(’ =J+1) and R (J' = J- 1) branches of the 11(0,0) and C(0,0)) rovibronic
transitions arc given by:

Ly gy = g0, Dayy 5 ()
where ©v'v”, 1" isthe branching ratio, given by

r o L Av'v’,,, SJ.’ . TJ“2
W, g Av' 2= 1 ©)
)

where “v’v” is the spontaneous emission transition probability for the (v’,v) band (in our case
wc limit ourselves tothev’ = v* = O case) , "V’ is the total emission transition probability for all

. Ay 2y
lower vibrational levels v, given by v.

in order to recproduce, however, the measured spectrum of the E(0, O) band (Fig. 6), the
emission branching ratio must have a term which depends on the effects of predissociation. In

this case, wc write

.* N 6
[/LYLL“ ‘S£‘15 ‘] ) ’ 4 J)

(Ov’v”, J J” = 7 -]I 1 2J_11 . 7) E(v s
v

()

_‘
where v'v'is the spontaneous emission transition probability of the 11" (the P and R branches)
state, assumed to be constant in J for any v', and analogously for the 11- state (Q branch) and

nhv J) is an emission yield, given by:

14




—{ ’

,f E(V’, J) = —v ’
A'*vl-} A;)re(v, J) (8)
4 + ’
where A"y 44 pre(v"] Jisthetotal transition probability, and includes the predissociation
10
transition probability, Al”é’(‘ ’ ‘]), for any ¥(0) rotational level J.

The rotational line intensities then become:

4 AT S I, D)
Lyas= 8@ ) i —
v (9)

and similarly for theIT" state. The data for the 1:(0, O) transition, shown in Fig. 6, suggest that
M (J) and 1,7 (J) are to a good approximation independent of J, although different for the 11' and
11- states, since no sudden weakening of the band is observed, in agreement with observations by
Cacciani et a. [12]. Thisyicld can then be represented by constants N and Ny . The

experiment uniquely determines the ratio between these two yields, since the spontaneous

emission probabilities for the 11' states and 11~ states arc independent of J for negligible

perturbation with other bound states. The 11’ and the 11- emission yields are related to the total

emission yield by
e N5
5= (M) x (1o)

in the high temperature limit (1 = 300 K). The mission model for the 1:111 (O, O) transition,

when wc assume equal predissociation for the 11"  and 11- sublevevels, overestimates the

brightness of the Q-branch. The experimentally determined ratio between the emission yields of




the 11’ and 11" sublevevels is equa to n;” /' = 0.63 Using this ratio, and eqn. (1 O), wc obtain
N =0.135 and N = 0.085. Fromeqn. 3, then, it finally follows that the predissociation yields
for the 11’ and 11" sublevevels (1,* and q[,-respectively) arc m,' = 0.85 and My = 0.91.

Although it is clear from the present measurements that the I 111 state predissociates, the

electronic continuum states causing this perturbation arc yet to be determined. A list of candidate
predissociating states can be found by considering the ways the C(*P) and O(*P) atoms can join

angular momenta along the internuclear axis. The possible singlet states arc 1%, 13-, 1T and 'A
[34]. According to the selection rules for predissociation, only transitions to like-parity states
can occur. Therefore arepulsive 1Z- state may be responsible for the enhanced predissociation of

the 11- state observed in this experiment.

OSCI1,1L,ATOL{STRENG'J'11
Previous experimental and theoretical determinations of oscillator strengths f,,. from

v* = O of the X 12+ ground state of CO to different v’ levels of the B2 and CX* states have
been summarized in our earlier paper [15]. in this paper, wc report the oscillator strength for the
BV =0)-— X 1xt (v'= O) transition and compare it with other data sets where available.

Wc obtain the oscillator strength for the F1I(v'=0) — X 12+ (v" = O) transition by
analyzing the energy dependence of the measured excitation function (from O to 800 cV)
corresponding to that transition. The excitation function for the ET (v’ = O) -> X 134 (v'= O)

transition (¥ig.7) is put on an absolute scale by normalizing it to the 100 CV excitation cross

16




sections for the ENI(v' = O) —» X 'Z* (v’ = O) transition [32]. Fromeqn. (1) , the
predissociation, emission, excitation and branching cross sections at 100 ¢V arc then obtained,
and arc reported in ‘I'able 1 1.

Collision strength data (cross section times electron impact energy ) for the COE!11

band were fitted within experimental error (about 20%) using the following analytical form for

collision strength:

Quryr Ky = C, . (1-1/X 1) . (Xyryrr?)
4
13 G (='W Doexpk CoXyn) + Csd Cgf Xyn 4 C; L In(Xynyr) (12)
k=1
where Qpn,r (X4 is the collisio”strength, Xy is the electron impact energy in threshold

units, and C, arc constants of the function £2,4, " (Xy,n,») [21, 22]. The result of this {it is reported

in Fig. S. The constant CO represents the contribution of electron exchange, C, -C4 represent
configuration mixing, Cs-Cg represent polarization effects, C, is the Born term and Cg is a

constant in the mixing terms. ‘I’able 111 gives the constants of cqn. (1 1) for the CO K11 (v*= O) —

X 13 (v"= Q) transition. The excitation cross section is given by the equation

Oy Xy = Eunr (Xynpm) . (Bynpr. Xy T, (12)

17




where 64,7 (X1, is the cross section in atomic units, and },n,» is the transition energy in

Rydberg units. At the high energy limit the collision strength has the following form:

[Zvlvu (/YV'V'Q = ('5 -+ (‘7 ; ln(levIQ, XV it >> 1 (13)
IN the Bethe Approximation [35], the collision strength is given by

2
'(ZV 'V" (/YV 'v ,9 = (UV" (—8_',;1‘(2}&)_*)_]{%}1:‘ (]n Xv' v + 4 ("v' v"]"‘\" v") (14)
1 e

where m,,» isthe lower state degencracy, Cy4 » is a constant, related to the angular distribution of

the scattered electrons, fy4,» is the oscillator strength, a,, isthe Bohr radius, mis electron mass,

and his the Planck's constant, Thus

(15)

2
C. 8nma,
RN N P—-]-I-?‘——

Assceninlign. (1 5), the optical oscillator strength can be related to onc of the constants in the
fitting function at the high energy limit. This equation allows us to determine the oscillator

strength. Yor the CO E11(0)— X 124 (0) transition the optical oscillator strengths was found to
be 7.08x 10-2. The experimental collision strength and the analytic fitting function for the CO

EI0)-— X 12+ (0) transition arc shown in Yig. 8. The error associated with the oscillator
strength is estimated as follows: (a) 26% error from the CO X -- I excitation cross section [32]

and (b) So/O error from the fitting procedure. Thus the overal error (square root of the sum of the
sguares of the contributing errors) in the oscillator strength is estimated to be about 26°/0. Some

discrepancies, in the threshold region (1 0-15 cV), between the analytical fit and the data are

18




present, requiring further studies. The determination of the oscillator strength, however, relics

on thefit at high energy, which is completely satisfactory,

Since there is no cascading into the }(0) state, wc can assume that the energy variation of
the excitation, predissociation, mission and branching cross sections is the same. From the
analytical fit of the excitation function and by using eq. 1, we then obtain analytical fits to the
predissociation and branching (as stated earlier, branching to lower excited states is 8% of the
total emission) cross sections, shown in Yig. 9, in the 0-500 ¢V range. Also shown arc excitation
and emission cross sections.

I’here arc many reported experimental and theoretical data for the oscillator strength of

the }1:111 state. Table IV summarizes the oscillator strength values obtained by different

researchers for the COE!TI(0)— X 12+ (0) transition. 1.arge variations exist among these
values. A comparison of the oscillator strengths gives an excellent agreecment between the
present result and that of Chanect al. [36] ( disagreement isless than 1 %). ‘1’ here is also a fair
agreement between the data of l.asscitreet al. [37] and the present value. In fact, our
measurement is about 33% lower than that of ref. [37] . The theoretical result of Kirby and
Cooper [2] is about 31% lower than the present result and agrees with the result of Stark ct. al.
[8], while the value of | .cc and Guest [17] is 3.9 times smaller than ours. Our value is also about

1.9 times larger than the measurement of 1.ctzclter et al. [1 O]. However, the 11 band is subject

to pressure saturation effect. Therefore, the values of the oscillator strengths reported by ref. [17]

and ref. [10] for the K11~ X 12! transition may well be affected by pressure saturation effects.
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The values of the oscillator strength found here may have important implication for
models of CO photodestruction in the ISM. l.etzelter et al. [ 10] have measured the set of
absorption cross section used for modeling CO absorption at photon energies below the 1.yman
continuum threshold. The data of 1.etzelter et al. [ 10]for the singlet state Rydberg series are used
as a benchmark for CO photodestruction[1]. A factor of two increase in photodissociation yield
of the largest single contributor to predissociation for this molecular state needs to be considered

in future 1 SM modeling.
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FIGURE CAPTIONS
Figure 1 : Partial potential energy curve diagram, emphasizing the 9,5 -12,5 CV region . Shown
arc the potential energy curves of the levels of CO studied in this work and the Franck-Condon

region.

Figure 2: Schematic of X-X and £ -11CO transitions presented in thiswork. The quantities 1y,

and n,” arc defined in the text.

Figure 3: High resolution (0.036 A FWHM with 8 mA step size) electron-impact induced
fluorescence spectrum of CO at 100 cV. The spectrum was obtained at a background pressure of
1.0X 10-5 Torr. P and R branches are resolved for the C(O, O) and B(0, O) transitions, but only the

Q branch appears for the }i(0, O).

Figure 4: Comparison between data and model for the B'2' (0) -~ X 'x' (0) transition. The

rotational line intensities in the model, based on the 1 I6nl-1.ondon factors and the unperturbed
rotational constants of Ubachs et a. [ 18], reported in ‘1'able I, have been convoluted with a
triangular response function (0.036 mA I'WI IM). [ndicatcd arc the first few rotational lines of

each branch.

Figure 5: Comparison between data and model for the C 'x' (0) -» X '%" (0) transition. The

rotational line intensities in the model, based on the Hoénl-1.ondon factors and the unperturbed
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rotational constants of Ubachs et al. [ 18] reported in “I’able 1, have been convoluted with a
triangular response function (0.036 mA F'WI IM). Indicated are the first few rotational lines of

each branch.

Iigure 6: Comparison between data and model for the 1:'T1 (0) — X'y (O) transition. The

rotational line intensities in the model, based on the Hoénl-1.ondon factors and the unperturbed
rotational constants of Iidelsberg et al. [5], reported in ‘I'able I, and with a ratio of 0.63 between

the Q branch(IT" State) the P and R Branch (I 1" State) predissociation yields, have been

convoluted with atriangular response function (0.036 mA FWHM).

Iigure 7: Relative emission cross section (excitation function) of the CO E 1 (0,0) band at

1076.1 A in the range 0-800 CV electron impact energy.

Iigure 8: Model fit for the excitation (curve a), predissociation (curve b), emission (curve ¢) and

branching (curve d) cross sections for the CO L 11 (0) state. Iimission and branching cross

sections arc multiplied by afactor of 5.

Figure 9: Model and data of the collision strength of the CO 111 (O ,0) band plotted against

energy (1 0-800 eV). The oscillator strength (f value) for this feature is determined as

7.08 x 102,
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TABLE 1

Constants Used in the Model Spectra: all valuesin cm”

Slate Vo B, D, Rcf
B'Y (0) 86916.1581 1.948173 6.90X 106 a
C '3 (o) 91919.0719 1.943425 6.172X 10 a
E11 (o) 92929.98 1.95261 6.50X 10< b
x 's' (0) 1.92253 6.11948x10° c

a) W. Ubachs et al. [18]
b) M. Eidelsberg et al. [5]

¢) 1luberand Herzberg [27]
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TABLE 11

Cross Sections at 100 eV for the COE'T 1 (0) state (all valuesin em?x10 %),

Qexei = 4.43
Qemis = 0.47
Que = 3.91

Qyp = 0.038
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TABLE 111

Constants of the Modificd Born equa ion(*)

1 E 111
Co 0
C, -0.11229
G, 0.58790
Cs -1.7784
C, 1.8675
Cs - 0.35586
Ce 0.35586
G 0.33437
Cy 0.26915

(* Modified Born Equation:

.ﬁ~<€:ﬁ\w~<€€u ﬁ\.s ﬂ\-x\\/\e}ci N\w\«}\wc

4
4 M Cy (Xynr-1). exp(-k Ce Xy + Cs4 Cg/ Xynprt C, In(Xypnp1)
k=1




Summary of previous and present determination of oscillator strength

transition between the CO E'T1 (0) state and the ground state X 'y (0).

Source
Kirby and Cooper (theory) [2]
Stark et . [8]
1 ctzelter et al. [1 O]
Lee and Guest [ 17]
Chanct al. [35]

l.assctre and Skerbele [36]

This work

TABLE IV

f00

49

3.65
181
7.06

9.40

7.08

30

(x 10-2) for the
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