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High-resolution studies of extreme-ultraviolet emission from CO by electron impact
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We report a high-resolution stud®.0036 nm full width at half maximuinof electron-impact-induced
emission spectra of CO at 30-, 75-, and 100-eV electron-impact energies. The spectral features were acquired
in optically thin conditions. At the specified resolution, attainable with our 3-m vacuum ultraviolet spectrom-
eter, we observe rotationally resolved emission bands of CO in the extreme ultraviolet, from the vibronic states
B '37(0), C 137(0), andE I(0), to theground stateX = *(0). A simple model of these bands, based on
the Hmnl-London factors and the rotational constants, is constructed and is shown to be in good agreement with
the observed spectra. The predissociation yield foEtH&I electronic state has been determined, showing that
the E state has the largest predissociation cross section of CO for all singlet-state Rydberg series members. The
excitation function of th¢ E 1T1(0)— X 3% (0)] transition, in the 0-800-eV impact energy range, is mea-
sured, permitting determination of the oscillator strength by using a modified Born approximation analytical fit.
[S1050-294{@7)08004-9

PACS numbe(s): 34.80.Gs

INTRODUCTION port the oscillator strength of theE['T1(0)—X 3" (0)]
transition.
As the most abundant interstellar molecule after[H], Of the dozen or more bound states in the singlet state

CO plays a very important role in the photochemistry of themanifold structure of CO, th&-state photoabsorption cross
interstellar mediunfISM) [2]. While H,, in most cases, can- section dominates all discrete dissociation chani@lsPho-

not be detected directly, CO is readily observed by radioastodissociation can occur in two ways: either by continuum
tronomy and therefore has been utilized as a tracer molecubsorption into repulsive electronic states or via line absorp-
[3] for molecular hydrogen. The abundance ratio of CO jo H tion into predissociating stat¢46]. Experimental evidence

is difficult to determine from observations of the ISM, but [5,10,17 indicates that the latter mechanism is the most im-
can be obtained through theoretical moddll These mod- Portant for CO. In particular, line absorption inteso,
els involve chemical reactions in which photodissociation by?Po "=, andnp “II Rydberg series can be ulseg to explain
vacuum ultraviolet radiatiorfvuv) is the main destruction € absorption spectrum. Although thep@C “%7(0) vi-
mechanism for CQ[1], particularly in the range between bronic state h'as the I'argest absprptlon cross section in the
91.2 nm, which is the edge of the absorption continuum ofUv 7], there is no evidence of either predissociafighor

atomic hydrogen, and 111.8 nm, which is the dissociatio accidental predissociatiofiL3]. All Rydberg states for all

e ; i : r:|deberg series above tig0) vibronic level are 100% pre-
"T“'F of CO into ground. state atoms. The_ rate of phqtqdlsgo dissociated, as shown schematically in Fig. 1. H{e) level
ciation of CO by vuv is one of the major uncertainties in

h dels. In vi fth 2 dthe | is particularly interesting since it has the second largest ab-
these models. In view of these uncertainties and the IMPOTsorption cross section in the eli] but is subject to only
tance of carbon monoxide as a tracer molecule, a large nung; 5, predissociation, as judged by the obsei&@&{0) band
ber of experimental studies has been performed. These stu 5],

ies were aimed at finding coincidences between molecular a comprehensive set of works on predissociation has
hydrogen emission lines and CO absorption lines, and at e$een carried out recently using euv laser spectroscopy
tablishing the photodissociation rate in CO. A variety of[12 13,18. Predissociation reduces the lifetime of the ex-
techniques were used, including classical spectrographsited state and may be detected as line broadening, which
[5,6], synchrotron radiatiofi7—10], and laser methodd1-  can affect the whole rotational manifold via direct coupling
13]. A review of molecular parametefe/avelengths and os- to the continuum or can affect a few rotational levels via
cillator strengths of CO with comparison with uv data has accidental predissociatiofl2]. Laser spectroscopy studies
been published recenthi4]. It clearly points out the large for cases of strong predissociation have shown that the pre-
variation(a factor of 2 in the oscillator strengths of tig-X,  dissociation rates of CO can depend not only on which par-
C-X, and E-X transitions of the strongest Rydberg statesticular vibronic states are excited, but also on the rotational
(B,C,E) of CO. This factor remains a major obstacle in substates and even on thedoublet component offI states
modeling the ISM. These states have promin@h0) vi- [18]. Because of the competition between radiative and dis-
bronic bands in the extreme ultravioleuy). For this reason, sociative channels, however, the fluorescence from predisso-
we have carried out a high-resolution euv measurement dfiating states is reduced. Therefore, emission studies are a
single-scattering excitation of the rotational line structure bymore sensitive probe of predissociation. As an example, in
electron impact. We have recently repor{dé] the oscilla- the medium resolution study of Ajellet al. [19], predisso-

tor strengths of the B!37(0)—X!¥7(0) and ciation rates for the vibrational levels of tleg '3 ' state of

C 3%(0)—X 13 7(0) transitions and, in this paper, we re- N,, the isoelectronic equivalent of CO, were so obtained, by
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comparing emission to excitation cross sections. mation[21,22, the oscillator strength is also determined.

Our group at the Jet Propulsion Laboratory has also pre- In the remainder of this paper, we describe the experimen-
viously published both low-resolutiof20] and medium- tal apparatus, the high-resolution measurements ofGlG
resolution[15] studies of the electron-impact-induced emis-resonance transitions of tfie C, E states, the spectroscopic
sion spectra of CO in the range 91-116 nm, showingnodel, and finally the measurement of tB€0,0) excitation
transitions from the state® 37 (0), C '=%(0), andE 11(0), function and modified Born approximation analysis.
to the ground stat& 37 (0). The internuclear distance for

the minima in the potenti_al curves of the Ryc_ibgrg and va- EXPERIMENTAL APPARATUS
lence states of CO overlies exactly at the minimum of the
ground state, as shown in Fig. 1, resulting in inte(3®) The experimental apparatus has been described in detail

bands. In our earlier studyl5], we reported the emission elsewherd23]. In brief, a high-resolution 3.0-m spectrom-
cross sections, together with a determination of the excitatioeter system was used. It consists of an electron-impact colli-
function for the B(0,00 and C(0,0) transitions. Oscillator sion chamber in tandem with a uv spectrometer. uv emission
strengths for these transitions were also repdri&dl At the  spectra of CO were measured by crossing a magnetically
spectral resolution under which those spectra were obtainetbllimated beam of electrons with a beam of CO gas. A
[full width at half maximum(FWHM) of 0.025 nnj, it was  Faraday cup, designed to minimize detection of backscat-
not possible to observe the rotational line structure of the@ered and secondary electrons, was used to monitor the elec-
transitions in question. In our present search for the rotatron current.

tional sublevel dependence of predissociation, we show the To acquire emission spectra, the beam of CO, formed by
CO emission spectra for transition from tB€0), C(0), and a capillary array, was crossed by an electron beam at 90°.
E(0) states to the ground state. With a FWHM of 0.0036 nm,The impact energy of the electron beam was kept fixed and
we can resolve the rotational structure of &@,0), C(0,0), emitted photons, corresponding to radiative decay from the
andB(0,0) transitions. The main goal is to model tRestate  collisionally excited states of CO, were dispersed by the uv
rotational line intensities t@¢1l) determine the suitability of spectrometer and then detected by a channeltron detector.
the Hol-London factors for their description ari@d) distin-  Scanning of the wavelength was achieved by means of an
guish betweerdI™ andIl™ predissociation rates. In addition, indexed stepper motor. Occasionally, uneven motinissed

the excitation function for th& I1(0)—X =7 (0) band is  step in the stepper motor could cause an uncertainty in the
measured. By fitting the shape of the excitation function withwavelength increments of about 0.002(&bout half of the

an analytical expression based on the modified Born approxsmallest increment possiblever the entire spectrum.
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FIG. 2. High-resolution(0.036-A FWHM with 8-mA step sizZeelectron-impact-induced fluorescence spectrum of CO at 100 eV. The
spectrum was obtained at a background pressure of100° Torr. P andR branches are resolved for t&0,0) andB(0,0) transitions, but
only theQ branch appears for thg(0,0).

A resolving power of\/AA=30 000 was achieved by op- ber of less than 4010 ° Torr for theE state and less than
erating the spectrometer in second order, with both entrance.0x10 > Torr for theB andC states.
and exit slits equally set at 2@m. The slit function at this
setting was triangular, with a resolution of 0.036.002 A
FWHM. The emission spectra were obtained at various inci-
dent electron energies. In particular, spectra were obtained at The measurements described here involve highly excited
30 eV for theB(0,0) transition, 75 eV for th& (0,0, and 100 states of CO. A schematic potential energy diagram
eV for all the bands of interest. (in which the states studied are indicatad presented in

An excitation function measurement for ti§0) state Fig. 1. The shaded area indicates the Franck-Condon
was carried out at a specific wavelengli®76.1 A by mea- region. The high-resolution, electron-impact emission
suring the relative intensity of the emitted radiation as aspectra ofB 3" (0)—X '3%(0), C '3*(0)—X 3 %(0)
function of the electron beam energy. In this case a unifornand E I1(0)—X '3 7(0) transitions are in the 1070-
static sample of CO was admitted to the chamber, forming 4160-A region, and are shown in Figs. 2, 3, 4, and 5. Figure
cylindrical line source in the collision region, thereby elimi- 2 gives an overview of all the features of the euv spectrum of
nating problems associated with a possible variation in siz€0 studied in this work, with their identifications. The spec-
of the electron beam with changing energy. tra were obtained at 100-eV electron-impact energy, with a

All transitions observed in this study are toward thebackground gas pressure of X.00 ° Torr, in order to avoid
ground state of COX 37(0) and, therefore, to ensure opti- effects of self-absorption, especially for th€ 37"
cally thin spectra, care must be taken in choosing the oper— X 3 %(0) band, which has the largest oscillator strength
ating pressure. If the optical depth at line center of the stronef the three bands studi¢d5].
gest rotational lines is less than 0.1, self-absorption effects The spectral region from 1075.4 to 1077.5 A contains the
can be neglected. Below this pressure the measured crodgect transition from th& II(v’'=0) to the ground state,
section will be independent of pressure. The procedure usedhile the region from 1086.5 to 1088.5 A shows the rota-
to determine the maximum background pressure that can k@®nally resolved transitions from thé '3 (0) again to the
used while maintaining optically thin conditions has beenground state of CO. Th€ 3" state has been the subject of
presented in detail elsewhef&5]. The photon path length numerous spectroscopic investigatiofsee, for example,
from the interaction region to the entrance slit of the spec-Tilford and Vanderslice[24]). More recently, Eidelsberg
trometer was 11.0 cm and the temperature of the gas waat al.[5,6] performed an absorption study of this state in the
estimated to be approximately 330 K, due to heating fromeuv, while an extensive study employing laser spectroscopic
the coils that generate a magnetic field to collimate ¢he techniques has been reported by Ubaehal. [13]. In the
beam and the hot filament in the electron gun. This estimat&149.5-1151.5-A spectral region, we observe the transition
was later confirmed by our model spectsze experimental from theB T1(0) excited state of CO to the ground state and
results below Optically thin conditions were achieved by an atomic componer(©l D —1D%) at 1152.15 A[25]. The
maintaining a background gas pressure in the collision chanB TI(v')— X 13 *(v") vibronic bands have been studied in

EXPERIMENTAL RESULTS
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FIG. 3. Comparison between data and model forBhe, * (0)— X 3,%(0) transition. The rotational line intensities in the model, based
on the Hal-London factors and the rotational constants of Ubasthal. [18], have been convoluted with a triangular response function
(0.036-A FWHM). Indicated are the first few rotational lines of each branch.

detail by Eidelsberget al. [26], both in absorption and in model intensities with the triangular slit function of the spec-
emission. They obtained the emission spectrum by means afometer, we obtain a synthetic spectrum that can then be
a discharge lamp, with a CO pressure of few millitorr. No compared with the measured spectrum. The model output
emission was observed from the=2 level, indicating pre- and the data are both normalized to unity, to facilitate com-
dissociation. Furthermore, a weakening of the emission lineparison. We obtain good overall agreement, as shown in Fig.
in thev=1 andv =0 levels was also observed. This effect 3 The triplet-state admixtufe.5] does not seem to affect the
occurred above’=17 and 37, respectively, thus indicating singlet character of the state to any great extent. Small dis-

the onset of predissociation. . . crepancies in intensity are observed between the model and
Kanik et al. [15] reported that th® "% " (0)—=X "27(0)  he data. These cannot be attributed to a small amount of

band exhibits an anomalous behavior, showing a sharp pegje jissociation, since we do not observe the high rotational

E{Ri;hree:;gga&%nofgtgﬁ'gg :tsvignljor;’]v ;I;:gf(éngfiih_':m level (J=37) after which predissociation becomes important
' P ' [26]. The small discrepancies are partly due to signal fluc-

sition at an electron-impact energy of 30 eV, which corre-;” , . .
sponds to the maximum of the emission cross section for thi%at'on’ probably caused by Fhe occa§|o_nal |rregular|t.|es n
state[15]. The results are presented in Fig. 3. The data e wavelength increments, ;lgnal statlstlcs,.and possibly by
shown were taken with a step size of 8 mA, and a resolutior"f‘,Srnall amount of perturbation by nearby triplet statee
where the individual levels up toJ=19 for theR branch 119- 1.
are clearly resolved. In this figure we also compare the mea- 1|”+ Fig. ‘11 we present a spectrum of the
sured spectrum with the output of our model, which will be C "= (0)—X "%7(0) transition. The vibronic energies of
described in detail below. the C 13 *(v'=0,1) levels lie above the dissociation limit,

The modeL based on the"HbLondon factorsl makes use 11.09 eV, so that they may either predissociate or decay via
of the rotational constants of Ubacesal.[18] for this state, ~ fluorescencésee Fig. 1 Letzelteret al.[7] reported that the
and of Huber and Herzbe@7] for the ground state. The predissociation yield of th€(0) level is, at the most, 10%,
model generates emission intensities and wavelengths for thehile the C(1) is almost entirely predissociated. The
rovibronic transitions from the excited state to the groundC '3 *(0)—X 3% (0) transition, shown in Fig. 4, contains
state. No effects of perturbation by nearby states are inapproximately 98% of the euv emission between Gh&. *
cluded. state and the ground staf®0] and references thergirHere

One of the parameters of the model is the temperature adgain our mode{which does not contain any predissociation
the gas sample. It was found that the best agreement betwetarmg is in fairly good agreement with the observed spec-
data and model was achieved by adopting a temperatutteum. Small discrepancies are present. As stated in the case
value of 330 K, which confirmed our estimate of the gasof the B state, these discrepancies are probably due to the
temperature in the interaction region. By convoluting theoccasional missed step in the wavelength increments, signal
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C15*(0)—=X3*(0) transi-
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statistics, and by perturbation from nearby triplet stdtee  in the model. The model makes use of the rotational con-

Fig. D).

stants of Eidelsbergt al. [5], and of Huber and Herzberg

In Fig. 5 we show the spectrum of the [27] for the ground state. This transition was first observed
E M1(0)—X =% (0) transition, which is compared with the by Hopfield and Birg¢28] in emission and later analyzed, at
model output(this time a predissociation term was included higher resolution, by Tilforcet al. [29]. This led to the con-
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FIG. 5. Comparison between data and model forEhH1(0)— X 'S *(0) transition. The rotational line intensities in the model, based
on the Hal-London factors and the rotational constants of Eidelsle¢rg. [5], and with a ratio of 0.63 between tigg branch(I1™ state
the P andR branch(II* stat§ predissociation yields, have been convoluted with a triangular response fuf@e@6-A FWHM).
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clusion that the leveE TI(0) was not predissociated. Lee ing) other than the ground state. The branching ratio esti-
and Guesf17], however, found very weak fluorescence from mates indicate that branching loss from &Il state, via
this state and Letzeltest al.[7] were able to determine that B 3", C 3%, andA I states, accounts for a maximum of
the E(0), although still fairly intense in emission spectra, wasonly 8% of the total emission observed from BTl state
indeed predissociated. This was determined with a measurg20].

ment of the fluorescence yield after excitation by synchro- By employing Egs(2) and(3), we obtain an 88% predis-
tron radiation. An accidental predissociation of tE€0), sociation yield for theE I electronic state based on the
J=31 level ofe parity was observed by Simmons and Til- comparison of direct excitatiof84] and total emissiofi15]

ford [30]. Baker et al. [31] identify the perturber as the cross sections and taking into account the 8% emission yield
k ®II(v=3), J=31 level. In their extensive laser spectros-to lower excited state8 3", C !3*, andA ). Letzelter
copy study at high temperature, Cacciahal.[12] also ob- et al.[7] measured predissociation yield for individual vibra-
served accidental predissociation for two malelevels tional statesv’'=0 andv’'=1) of the E 11 electronic state
(Jo=41 and 44, and assigned the perturber as theand found 89% and 98% predissociation, respectively. The

k EH(U =4) state. two measurements for the 'TI (v’ =0) state are found to be
in excellent agreement.
PREDISSOCIATION YIELD FOR E 1(0) In the next section, we will present our model of the

E(0,0 transition. This model and the data presented in Fig. 5

To determine the predissociation yield of this state, weg|lows us to obtain predissociation yields for tié and Il
have used an alternative and entirely different approach thafyplevels of theE 'T1(0) level.

generates complementary information to the uv emission

process: direct excitation process. The uv emission gives in- THE CO MODEL

formation after the decay of the excited species takes place,

while a direct excitation process determines how the The present measurements of the rotational line intensities
electron-impact excitation occurs. For example, for statesf the COB(0,0), C(0,0), andE(0,0) transitions were mod-
with negligible or known cascading and/or branching, theeled by use of Hol-London factors. The construction of the
predissociation cross section can be obtained by comparingodel for producing synthetic spectra &> and>-I1 tran-

the measured emission cross section from that state to trsitions has been described in detail elsewli2Bs33. Strong
corresponding excitation cross section obtained from thgerturbations can be neglected, except for weak predissocia-
electron energy-loss spectrum. The predissociation cross seion of the E(0) vibrational level by an unknown repulsive
tion E state of CO(where the cascade contribution is 2ero predissociating state). A brief description of the CO model

may be estimated using the following expression: is given below.
The measured intensityof any rotational line §',J") is
Qpre= Qexc— (Qemist Qb), (1) proportional to the excitation rate. The excitation rate

: . - . . v',J") to any upper rotational level’ is given b
where Q¢ is the predissociation cross sectid,,. is the o ) y upp g y

direct excitation cross sectio.n,;s iS the emission cross J'=3"+1 N(v",3")S(3",3")
section of an electronic statm our caseE I1) to the ground g(v',3)=Q, F 2, — @
state(X '3 7), andQ, is the “branching” cross section. In =3 -1 (20"+1)

Eq. (1), the quantityQ.mist Qyp, represents the “total” emis-
sion cross section. After the initial excitation, the CO mo
ecule can branch down through several intermediate staté g " .

and produce fluorescence in the wide range of wavelength e normallzeq Hol-ll_.ondon line strengt”r[33]’. The rota-
in addition to the direct euv transition to the ground statet'onffII !me intensities for the P(J"=J +1). and
measured in this work. This approach has been used for tI"B(‘] .:.J -1) b“’?‘”Ches of th&(0,0) and C(0,0) rovibronic
determination of predissociation yields of thg, b’, andb wansitions are given by

states of N [19,32 and H, Rydberg statef33].

For a negligible or known amount of cascading from an
upper state(and/or branching to a lower statethe total  wherew,.,~ 3 3 is the branching ratio, given by
emission yield of an excited electronic state the ground
statex can be defined as Ay S(I3,3")

SRy N N (6)
Qemis
(7E)ix= Qexc | (2) whereA,s » is the spontaneous emission transition probabil-
ity for the (v',v") band(in our case we limit ourselves to the
The predissociation yieldy, , for an excited electronic state v'=v"=0 casg, A, is the total emission transition prob-
of CO may then be estimated using the following expressionability to all lower vibrational levelsv”, given by
A, == A, . We find Eq.(6) is the expression for the
case of negligible predissociation.

In order to reproduce, however, the measured spectrum of
the E(0,0) band(Fig. 5), the emission branching ratio must
whereX, (7g)« represents the total emission yield of an ex-have a term that depends on the effects of predissociation. In
cited state to all lower excited electronic states., branch- this case, we write

|.WhereQ, is the excitation cross sectiof, is the electron
X, N(v",J") is the population in the ground level, aBds

IU'U",J’J":g(v,"],)wU'U",J’J"’ (5)

np=1— <nE>Hx+2k (7e)k | (3)



55 HIGH-RESOLUTION STUDIES OF EXTREME. .. 3553

707 oY AL LI N Nt A N L [N A N S L L L L L B BB LI

! co x 13t Ceco € ')

hvg (10761 A)
800 -

Agwhm =3 A

600

FIG. 6. Relative emission cross secti@xci-
tation function of the CO E 11(0,0) band (at

RELATIVE CROSS SECTION (arb. units)

! 1076.1 A in the range 0—800-eV electron-impact
400 energy.
200, —
0 ‘l | - I 1 !‘I I I L1 1 1 ‘ 11 11 ‘ Lt 1 I 1.0 .1 | Y O I | I | Bt l_
0 100 200 300 400 500 600 700 800
ENERGY (eV)
Al ] s(30,am) IT" andII~ sublevels is equal topz/7¢ =0.63. Using this
Wyrpn 31 3= % 2.J’—+1 ng(v',J), (7) ratio, and Eq.(10), we obtain £ ~0.135 andzg ~0.085.
U’

From Eq.(3), then, it finally follows that the predissociation
yields for theII" andIT~ sublevels(s, and 7, respec-
tively) are 5, =0.85 andy, =0.91.

Although it is clear from the present measurements that
the E 1 state predissociates, the electronic continuum states
causing this perturbation are yet to be determined. A list of

. candidate predissociating states can be found by considering
H0r 3= v’ ® the ways theC(°P) andO(®P) atoms can join angular mo-
KN AL +AS (0,3’ menta along the internuclear axis. The possible singlet states
viooe are'>*, 137 1, and'A [35,36. According to the selection
where A:,Jr A;re(v,i‘],) is the total transition probability, rules for predissociation, the state can be predissociated
and includes the predissociation transition probabilityonly by like-parity states. Therefore a repulsit®™ state

whereAJ,v,, is the spontaneous emission transition probabil
ity of the IT* (the P and R branche} state, assumed to be
constant inJ for anyv’, and analogously for thH™ state(Q
branch and £ (v’,J’) is an emission yield, given by

A dv’,3") for any E(0) rotational levelJ'. may be responsible for the enhanced predissociation of the
The rotational line intensities then become I state observed in this experiment.
. A:,U,,S(J’,J”) 7g(v',J") OSCILLATOR STRENGTH

| 1o //:g(vru\],) ’ (9)

vrvnJt A (2)'+1) Previous experimental and theoretical determinations of
o oscillator strengthd,,» from v”=0 of the X 13" ground
and similarly for thell™ state. The data for thE(0,0) tran-  state of CO to different’ levels of theB 13 and C i3+

sition, shown in Fig. 5, suggest thag (J) and7g (J) areto  states have been summarized in our earlier pEir In this

a good approximation independent f although different  paper, we report the oscillator strength for the
for theII™ andIl™ states, since no sudden weakening of theg M(v'=0)—X 3" (v"=0) transition and compare it
band is observed, in agreement with observations by CagGgith other data sets where available.

ciani et al. [12]. This yield can then be represented by con- \we obtain the oscillator strength for the
stantsp¢ and ng . The experiment uniquely determines the g T(v'=0)—X 3" (v"=0) transition by analyzing the
ratio between these two yields, since the spontaneous emignergy dependence of the measured excitation function
sion pI’ObabilitieS for thd—[+ andIl™ states are independent (from 0 to 800 ev Corresponding to that transition. The
of J for negligible perturbation with other bound states. It is excitation function for theE II(v’'=0)—X 'S (v"=0)

assumed that thH" and thell” emission yields are related transition(Fig. 6) is put on an absolute scale by normalizing
to the total emission yield by

+ B TABLE I. Cross sections at 100 eV for the GO'I(0) state(all
e ME values in 108 cn?).
> T 5 =(eix (10 :
Qexc = 4.43 +1.15
The emission model for th& 'T1(0,0) transition, when we Qemis = 0.47 =0.12
assume equal predissociation for té and 1~ sublevels, Qpre = 3.91 =1.02
overestimates the brightness of tebranch. The experi- Qy = 0.038+0.01

mentally determined ratio between the emission yields of the
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it to the 100-eV excitation cross sections for the Qi yr(Xyryn) =Cs+CqIn(Xy 1),  Xyrpr>1. (13

E (v’ =0)—X 3 (v”"=0) transition [34]. From Eq.
(1), the predissociation, emission, excitation, and branchingy, the Bethe approximatiofi37], the collision strength is
cross sections at 100 eV are then obtained, and are reportag,en by

in Table I. The quoted uncertainf6%) is due to the error

associated with the determination of the excitation cross sec-

2
tion [34] and the uncertainties in the fitting procedure, as QX )= 8ma) furor
X v/v//( U’U”) a)v// 2

discussed below. he ) Eyryn

Collision strength datdcross section times electron im-

. . . >< ! H+ T T
pact energy for the COE I band were fitted within the (IN Xyrprt 4G, 1orByryn), (14
experimental errofabout 20% using the following analyti- . .
calpform for collisiE)n strengtﬁ: ’ J Y wherew, is the lower state degenerady,,~ is a constant,
related to the angular distribution of the scattered electrons,
Q1 yr(Xyrpn)=Co(1—=1/X, 1) (Xyryn) 2 f,r,» is the oscillator strengthg, is the Bohr radiusm is

A electron mass, antl is the Planck’s constant. Thus
+ kzl Ci(Xyrpr—1)exp(—KCgX,1yn)

8m 2 f o
C7:wvu(—ﬁ2ao> E” . (15)
+Cs5+Cg/X,r,nt CoIN(X, 1), (11) oo
where Q1 ,»(X,:,») is the collision strengthX,,,» is the TABLE II. Constants of the modified born equation

electron-impact energy in threshold units, a@g are con-  Qyry(Xyrpr) = Co(1 = 10X, r,n) (Xyrn) "2 + Zg_1Ci(Xyrpn—1)
stants of the functiof,, (X, ,») [21,22. The result of this X eXp(=KCeX,r,n)+Cs+Ce/X, 1+ CAN(X,1,1).

fit is reported in Fig. 7. The consta@, represents the con-
tribution of electron exchang&;; — C, represent configura- Constant E I
tion mixing, Cs— Cg4 represent polarization effect§; is the

C 0
Born term, andCg is a constant in the mixing terms. Table I CO 011229
gives the constants of Eq.(11) for the CO o 0.58790
E MI(v'=0)—X 3% (v"=0) transition. The excitation C2 17784
. - - . 3 .

cross section is given by the equation c, 18675
O-U/UH(XU/U”):QU’U”(XU,U”)(EU,U”XU,U”)717 (12) C5 _0'35586

Ce 0.35586

whereao,s »(X,,) is the cross section in atomic units, and (o8 0.33437
E,’,» is the transition energy in Rydberg units. At the high- Cs 0.26915

energy limit the collision strength has the following form:
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5 l \ T . . ' TABLE lll. Summary of previous and present determinations of
L . oscillator strengttf,~ for the transition between the CBI1(0)
| coeln - state and the ground staxe'S, " (0).

Source f oo (Units, of 1072
Kirby and Coopel(theory [2] 4.9
Starket al.[9] 49 05
Eidelsberget al.[6]? 3.65+0.37
Lee and Guesditl7] 1.81+0.27
Chanet al.[38] 7.06+0.7
Lassetre and Skerbeld9] 9.40+0.85
This work 7.08:1.8

%From absorption experiment data of Letzekgral. [7]

Since there is no cascading into tB€0) state, we can
assume that the energy variation of the excitation, predisso-
ciation, emission, and branching cross sections is the same.
From the analytical fit of the excitation function and by using
Eqg. (1), we then obtain analytical fits to the predissociation
and branchindas stated earlier, branching to lower excited
states is 8% of the total emissiooross sections, shown in
Fig. 8, in the 0—500-eV range. Also shown are excitation and
emission cross sections.

- 1 There are many reported experimental and theoretical
- . data for the oscillator strength of tHe'II state. Table Il
i summarizes the oscillator strength values obtained by differ-
ent researchers for the CB T1(0)— X 3 %(0) transition,

CROSS SECTION (10 "8 cm?)

X5 T

0 e — with their quoted uncertainties. Large variations exist among
0 100 200 300 400 500 these values. A comparison of the oscillator strengths gives
ENERGY (eV) an excellent agreement between the present result and that of

Chan et al. [38] (disagreement is less than 1%nd well
FIG. 8. Model fit for the excitatior(curve a), predissociation ~ within the respective error limits. There is also fair agree-
(curve b), emission(curvec), and branchingcurve d) cross sec- ment between the data of Lassettre and Skefl3€kand the
tions for the COE 'I1(0) state. Emission and branching cross sec-present value. In fact, while our measurement is about 33%
tions are multiplied by a factor of 5. lower than that of Ref[39], they agree within the combined
error limits. The theoretical result of Kirby and Coopgl is

'rAeSIaf:der':o":)niq;()%?h,eﬂ::%nc?spt)gﬁ?sl %S(;;:?t]%rti:trigﬁgiozagttf[ﬁeabout 31% lower than the present result and agrees with the
; - i . 9 . result of Starket al. [9], while the value of Lee and Guest
high-energy limit. This equation allows us to determine th

. 1 o 4 ; e[17] is 3.9 times smaller than ours, much beyond their
géﬁ'”?ﬁ)er Sct)rpet?cgatlhl (Inzsocriltlgteorcestrgrsgt)h_)évasz f(o?J)ngart]gl_ be quoted uncertainty of 15%. Our value is also about 1.9 times

a X - larger than the value obtained by Eidelsbetal. [6] from
2
I708>1ftlt0 : fThet.eprnTﬁ mglocg 'Eﬁog strt)a(n%hﬁgd :[[he ana etzelteret al. [7] data. However, th& I band is subject
Y:!gnl ;?3 l:]gc Ir?n'nolr:' e7 The egro)_; oc'agne()j ra_\tr;]- theto pressure saturation effect. Therefore, the values of the os-
gslc'llator sstrer\1N thl i (Ia%t'm.ate d as for”oj%) I260/ (\;Vrlror cillator strengths reported by RdflL7] and Refs[6, 7] for

: gth 1S est . ? the E 'II—X 137 transition may well be affected by pres-
from the COX— E excitation cross sectiof84] and (b) 5% .

. - sure saturation effects.

error estimated from the fitting procedufbased on the

dn f the fit Thus the overall errof re root of th The values of the oscillator strength found here may have
goodness of the us the overall erroisquare root of the important implication for models of CO photodestruction in
sum of the squares of the contributing erjarsthe oscillator

. . 5 . the ISM. Letzeltert al.[7] have measured the set of absorp-

F;r;nlgth Is estimated tod be ablou: 26% : Intr? ur ;?re\tnousbwor ion cross section used for modeling CO absorption at photon
ow-energy secon acr)y electrons in the electron 1 earrénergies below the Lyman continuum threshold. The data of

could contribute up to 10% error to the measured oscillatoy’ .- “1ior et a1, [7] for the singlet-state Rydberg series are

streng'gh. A redesigning of the electron gun and_the Farad sed as a benchmark for CO photodestrucfibh A factor
cup, with a new set of apertures that follow the divergence o f 2 increase in photodissociation yield of the largest single

the e beam and a lower magnetic f|e|d,.preven_ts trapping %% ontributor to predissociation for this molecular state needs
the secondary electrons in the interaction region and there-

d L [ in f ISM ling.
fore substantially reduces their influence on the measur:i[p be considered in future ISM modeling
ments in the high-energy range. Thus, the de_te_rmlnat|0n of ACKNOWLEDGMENTS
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