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Line profile of H Lyman- 8 emission from dissociative excitation of H
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A high-resolution ultraviolet spectrometer was employed for a measurement of the H |grttdrnk )
emission Doppler line profile at 1025.7 A from dissociative excitation obielectron impact. Analysis of the
deconvolved line profile reveals the existence of a narrow central peak, less than 30 mA full width at half
maximum (FWHM), and a broad pedestal base about 260 mA FWHM. Analysis of the red wing of the line
profile is complicated by a group of Werner and Lyman rotational lines 160—220 mA from the line center.
Analysis of the blue wing of the line profile gives the kinetic-energy distribution. There are two main kinetic-
energy components to the H§B distribution: (1) a slow distribution with a peak value near 0 eV from singly
excited states, an@) a fast distribution with a peak contribution near 7 eV from doubly excited states. Using
two different techniques, the absolute cross section ofﬁHstound to be 3.20.8x10 1 cn? at 100-eV
electron impact energy. The experimental cross-section and line-profile results can be compared to previous
studies of Hr (6563.7 A for principal quantum number=3 and L, (1215.7 A for n=2.

PACS numbe(s): 34.80.Gs, 33.50.Dq

INTRODUCTION It is also a goal of this study to directly measure the ab-
solute cross section for Hdat 100 eV for completely mod-
For many years high-resolution studies in the visible re-eling the H vacuum ultraviolet spectrum for both calibration
gion of the spectrum have been carried out on the Balmea&nd astronomy purposes. Once before, in 1984, we have ap-
series (principal quantum numbem=3, 4, and 5 excited plied published H absolute cross-section resuftg] to a
stateg of H produced by dissociative excitation of,pon  low-resolution H vuv spectrum from our laboratory to de-
electron impact. For each principal quantum number, twdermine the absolute H Jcross sectior8]. o
major sets of kinetic-energy distributions were found, corre- The most important application of the Lyman series line
sponding to the “slow” and “fast” distributions with typical Profiles is the opportunity to study and distinguish the emis-
kinetic energies of near 0 and 4—10 eV, respectively. Th&ion spectrum of hydrogen from its molecular and atomic
principal architects of these measurements were Ogawa, It&rms. The advent of high-resolution spacecraft such as the
and co-workerg1—-3]. They have carefully shown that the Hubble space telescofelST), equipped with the Goddard
two kinetic-energy distributions reflect effects of dissociationhigh-resolution spectrograph and the planned astrophysical
from singly excited bound statéslow componentand from ~ extreme ultraviolet observatories, have led to the measure-
repulsive doubly excited statéfast component Recently, —ment of the H L, line profile in both the auroral zones and
we have begun high-resolution studies of the Lyman series dhe dayglow of the planet Jupiter. H,lline-profile wings
H from dissociative excitation of H[4,5], utilizing a high- ~ €xtending tox1 A from line center have. been measured in
resolution 3-m vacuum ultraviolétuv) spectrometer with a the aurora by the HST, and line core widths of greater than
resolving power of greater than 50 006]. We reported a 140 mA have been observed by International ultraviolet ex-
measurement of the H Lymam-(H L,) emission Doppler Plorer[9,10]. The primary cause of the dayglow in the Ly-
profile from dissociative excitation of 4by electron impact. Man series is a combination of resonant scattering of the
Analysis of the deconvolved line profile revealed the exist-Solar emission line by atomic H and photoelectron dissocia-
ence of a narrow central peak of #@ mA full width at half ~ tive excitation of H, the principal atmospheric constituent.
maximum (FWHM) and a broad pedestal base about 240Each process produces a broad line profile from multiple
mA-wide FWHM. Slow H(2) atoms with peak energy near scattering in an optically thick upper atmosphere of atomic
80 meV produce the peak profile, which is nearly indepenH- The main cause of the aurora is primary particle bombard-
dent of impact energy. The wings of H,larise from disso- Ment by electrons, protons, and heavier ions, followed by
ciative excitation of a series of doubly excit€ andQ, Secondary electron excitation of the Lyman series. The large
states, which define the core orbitals. The energy distributiomount of Lyman and Werner band emissions ensures that
of the fast atoms shows a peak at about 4 eV. In this work wélissociative excitation of kis an important process.
extend the measurements to thp 8State and compare our
results to Ilne-profllt_a §tud|es of H The H, line profile EXPERIMENT
shows a characteristic narrow central pe&k300-mA
FWHM) from the slow component and a broad wing The experimental system has been described byet al.
(~1.8-A FWHM) from the fast component in the optical [6]. In brief, the experimental system consists of a high-
region. Since the Doppler displacement is proportional taesolution 3-m uv spectrometer in tandem with an electron-
wavelength, six-times narrower line profiles can be expectednpact collision chamber. For the Hslline profile, a resolv-
in the vacuum ultraviolet spectral region for the Lyman se-ing power of 27000 is achieved by operating the
ries. spectrometer in second order. The Hllne profile has been
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‘ | tion than forn=2p dissociation to account for the broader H

b e (100 ev) + Hy O HE2p3p) + H s € g3z LB line prOfile- ) ) ]
b Hia a3 ] The weak signal from H L in third order prompted the
] Hip ern ] second-order study. Yet note that the line core FWHM is
[ *2ndORDERSLITFUNCTION £ 0 ] nearly (40 vs 38 mA at the limit of the second-order slit
+ HLYMAN--2nd ORDER S & =3=3=] 1 : . . . .

12 LyMAN s ORDER 518 = - function. It is slightly narrower than the third-order line core
_f N profile from H L,, even though the H |slit function was a
%10_ 3 ] narrow 24 mA that is indicated in Fig. 1. For this reason it
5 ¥ will not be possible to accurately determine the slow atom
e . distribution function as we were able to do for H, [4,5].

E oAs_— FI ]

g i S o ] H L 3 CROSS SECTION AT 100 eV

S o6 . N

§ 1 P Lo . ] The first step in our comparative study of H &nd H
oal A . . . was to measure the absolute cross section of;ldtL100 eV.

We can find the cross section by two methods. One method
relies on the absolute cross section of H &t 100 eV, to-

B

0zl g;'f+ ’ : ] gether with a relative calibration of H Land H L; line

I ot ! - \»” . ] intensities; the other method uses the absolute cross sections
oL AT of the three major L & W features in the red wing of b L

200 -100 0 100 200 300 For the first method, the cross section of i has been

WAVELENGTH (mA)

measured to be 72310 *® cn? at 100 eV[11]. The relative
sensitivity calibration in the vuv at 100 eV, using the H
“many-line” spectrum, has been described in fine structure
[6,11]. The two-step process involvgd) measuring the H
Lgto H L, intensity ratio at 100 eV an(2) determining the
relative calibration between 1025 and 1216 A. The sensitiv-

was 4 mA and in third order 2.667 mA. The operating conditions calibration was performed in second order using the syn-

) j thetic vuv line intensities of Liwet al. [6], convolved to the
were established as follows{(1) background gas pressure of same resolution as the experimental low-resolution spectrum
2.3x107* torr and(2) electron-beam current of 130 A. Peak signal P P '

was 4000 and 13 000 counts in the 100-eV Kand H L, line The _approximately 16 (_:onti_nuous 25-A wide spectral regions
profiles, respectively, with background signals of under 100 countspmv'de(,j a Smooth.callpratlon Cu!'ve betwgen ,900 and 1300
A. A typical vuv calibration curve is shown in Liat al.[6].
previously reported4,5] and was measured in third order at BY applying this first method, the ratio of cross sections was
a resolving power of 50 000. The line shapes were measuredftermined to bQ(H L »/Q(H L,)=0.0412 at 100 e\Q(H
with experimental conditions that ensure linearity of signallg) is (3.0+0.8 X107 cn _ _
with electron-beam current and background gas pressure. In The second method gave an independent evaluation of the
this study the line-profile spectra were measured in thé&ross section. It is also a method that is free of instrument
crossed-beam mode, and the one |ow_reso|utionﬁH}*ci_ calibration. We have I’ecenﬂy measured the L & W fine-
tation function was obtained in the static gas mode. The opstructure direct cross-section energy dependence from 0-1
erating conditions for the collision chamber included anke€V[25]. Using the oscillator strengths of Abgrai al.[12—
electron-beam current of 13@A and an H gas pressure of 14], we are able to place on an absolute scale the cross sec-
2.3% 1074 torr. The e|ectron_impact_induced_ﬂuorescencetion for eVery rOtational Iine at 100 eV. The three Strong L&
line profiles of H L, and H Ly at 100-eV impact energy are W rotational lines found in the red wing of the H;line are
shown in Fig. 1, along with the instrumental slit function of Shown in Table I, along with corresponding intensities. The
the spectrometer in second order. It is found that the H L 1(6,0P L rotational line required~40% correct|o4n for opti-
line profile has a red wing that is blended by three moder<al depth at the measurement pressure ok2( ™ torr and
ately strong Lymar(L) and Werner(W) rotational lines, de- the path length of foreground gas of 11.05 cm. The fr_acuonal
tailed in Table I, among other rotational lines in the neigh-L & W area of the total blended J-+-L & W feature in Fig. 1
borhood of the red wing of H . One of the three strong IS 42.4%. The ratio oR(L ) to Q(L & W) is 1.36. At 100
lines is the L 16,0)P resonance line, lying furthest from H €V, we find the cross section of Hglto be 3.4-0.8X10 ™
L, line center. The closest, the WBI3)Q rotational line, lies cr_n2 _after subtract_lng a weak residual molecul_ar contribution
163 mA from H Ly line center. We estimate the extent of the Within the Ly profile. The average cross section of 4 at
red wing by reflecting the blue wing about line center. It is 100 €V based on these two methods is“28x10 e,
Shown as a dashed |ine in F|g 1. The major W|ng of theé—] L The tOtal CfOSi}gsectlon Of the blended feature n F|g 1is
line profile extends 150 mA from line center. A very weak (5-6=1.4x10 ' cn,
secondary pedestal wing extends to 175 mA from line center.
By comparison the H | wing extends 140 mA(reported
FWHM=240 mA) from line centef4,5]. The Doppler wave-
length shift is proportional to the rest wavelength. Much The determination of the kinetic-energy distribution of the
greater kinetic energies are released dunmg3p dissocia- products is a two-step process that we have described in the

FIG. 1. Overplot of experimental spectra: 100-eV I line
profile in second ordefopen diamonds 100-eV H L, line profile
in third order(filled squarey zero-order slit function of experimen-
tal apparatus scaled to second or@f#us sign$. The data statistics
were better than 2.5%. The wavelength step size in second ord

KINETIC-ENERGY DISTRIBUTION OF FAST PRODUCTS
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TABLE I. H, emission spectral intensities near H Lym@rnransition.

Wavelength
A) Intensity* Relative intensity Assignmeht

1025.880 3.049810 2 2.1256<10°° 2(10, 5 P Werner
1025.886 4.6709 3.256R10°* 1(5, 3 Q Werner
1025.888 8.6408107%° 6.0240<10°%° 1313, 0 R Lyman
1025.895 2.386%107% 1.6635¢107° 4(11,1) Q D
1025.911 1434410 1.0000 13, 2 Q Werner
1025.918 8.373910°8 5.8379x10°° 82, 5QD
1025.922 1.074810°7 7.4930<10°° 6(11, 5 R Werner
1025.935 7.3617 5.132310 1 1(6, 0) P Lyman
1025.936 6.884810 3 4.7992<107% 3(10, 5 R Werner
1025.957 5.910810 2 4.1206<10°3 3(24, 4 P Lyman
1025.961 5.162010°8 3.5987x10°° 8(4, 2 Q Werner
1025.974 4.3548107° 3.0358<10° %0 7(36, 5 P Lyman
1025.998 5.8958107° 4.1099<107° 6(5 5 R B’
1026.016 2.282%107%0 1.5910<10™ 1! 7(35, 5 R Lyman
1026.019 8.7148102 6.0756x10°° 1(14, 2 P Lyman
1026.072 1.396910 13 9.7386x10 1° 10(19, 2 R Lyman
1026.079 3.510810°* 2.4470<10°? 33,6 QD
1026.096 5.172%10°° 3.6058<10° ¢ 3(16,19 Q D
1026.099 5.192810 % 3.6202x10 1© 101, 3 P B’

®Effective intensitiegunit:  10~2° photons per K moleculg.
PTransition is labeled by)”(v’,v")AJ. Lyman, WernerB’, and D refer to 2o B 13 X 125, 2pw
C'l=X 'Sy, 3pe B’ '3 7<X '3, and 7 D I, X '3 | electronic transitions, respectively.

previous paper on H L [4,5]. The resolution of the experi-

Expressed mathematically the measured line prdfite), is

given by the convolution integral

I()\)=JT()\’)A()\—)\’)d)\’,

where T(\') is the true line profile at wavelengtk’, and
A(N—\") is the instrumental response function. In the trans-
form domain the convolution becomes a simple product,

H, results of Freund, Schiavone, and Bradéal. [16] and
ment is not sufficient to recover the slow distribution of Higo, Komata, and Ogawat al. [2]. The L, feature arises
H(3p) atoms. However, the width of the wings is broad with from a single multiplet corresponding to the transitios 1
respect to the instrument slit function. On this basis it is3p. However, the H feature consists of three multiplets
possible to locate the peak of the kinetic-energy distributiorfrom the transitions & 3p, 2p-3s, and 2-3d. Only the first
function of fast H(®) and estimate the shape of the distri- H, multiplet (2s-3p) shares the same upper level. For that
bution function. The measured line profile is the convolutionH, multiplet the line profile would be identical toglwhen

of the true line profile and the instrumental slit function. scaled in wavelength by the factor 1025.7/6563.7, according
to the Doppler principle. In the comparison in Fig. 2, we
have assumed that all three multiplets produce the same line
profile. This is plausible since theirl 3lissociation asymp-

totes are degenerate.

10 a+H2—°>H(2p,3p)+H+e

Hla, LB

o
o
T

~—— HLa, THIS WORK
——— HLB, THIS WORK
......... Ha, FREUND et al., 1976

1025.7A, |
(WAVELENGTH x g o2) 7]

I7(s)=Tr(s)Ax(s), )

wherel -, T, andAy are the fast-Fourier transfor(RFT) of

I, T, andA, respectively, and is measured in inverse wave-
lengths. Optimal Wiener filtering of the measured sighal
was performed, since it includes a small noise component
[15]. The signal-to-noise rati¢5/N) is greater than 40 for all
line profiles. The FFT off is given by o2

++++ Ha, HIGO et al., (1982)
(WAVELENGTH x

0.6

04

RELATIVE INTENSITY (arb. units)

Tr(s)=I1(s)F+(s)/Ax(s), )

-40 0 40
WAVELENGTH (mA)

-80

-200 -160

where F(\) is the optimal filter. We selected a é8s) to
remove high-frequency noise from the ratiolgfto A+. We FIG. 2. Deconvolution of the 100-eV line-profiles data of i L
show in Fig. 2 the inverse FFT df(s) for the 100-eV line  (solid line) and H L, (dashed lingof Fig. 1, along with a compari-
profiles of H L, and H L; compared to the wavelength scaled son to published data of Hine profiles.
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The first interpretation from Fig. 2 comes from a compari- I
son of the 100-eV line profiles of H land H L,. The wings 10
of the H L; line profile are broader and more intense than
those of H L,. The FWHM of H L, is 240 mA, while the H
L line profile has a FWHM of 260 mA. The ratio of the two
FWHM (Lgto L,) is a modest 1.08. This ratio can be used to
find the ratio of the average kinetic energy for fast HJ3
and H(2p) atoms. The ratio is made larger by an additional
factor of 1.41 when converting the Doppler shifts to an
equivalent translational energy. More details on the energyg
dependence of the distribution are discussed below. As de-=2
scribed earlier, we were only able to measure an unblended [
line profile for the blue wing of H |;. We have assumed that
the red wing is identical. Since the Hine is slightly asym-
metric, the same can be expected to be true of /4 The °
comparison of the H J line profile with the two published
H, line profiles is in quite good agreement with the results of
Higo et al.[2] and verified recently by Ogawet al.[3]. The FIG. 3. Fast H(®) and H(2p) atom kinetic-energy distribution
comparison with Freundt al. [16] is quite poor. Those au- functions. The solid line refers to (Bp) and the dashed line to
thors have pointed out that their, Hne profiles were flawed H(2p).
by spectrometer aberrations. Note that theliHe profile of

Higo et al.[2] and the I, line profile indicate the appearance g pigh kinetic energy fragments result from dissocia-
of a weak secondary wing extending to nearly 200 mA fromyo through a series of repulsive curves that involve doubly
L line center. The initial indication from our data is that the excited electron orbitals. These doubly excited states have
line core of H L, is broader than for H |. In Fig. 1, at_the been described by Gubermg20]. The Q, Rydberg series of
lower resolution afforded by second order for ij,lwe find  states consist of apr, core orbital plus excited states of

a narrower line than for H | This result can be attributed to symmetry. These repulsive states converge to’Hhg state

the energy scale relating to the processes for production ajf H,". The Q, Rydberg series of states consist of pi2,

slow H(2p) atoms from direct excitation, cascade, and precore orbital plus excited states. These repulsive states con-

R OF H ATOMS (arb. units)
° o
<D o

o <
>
T T

6 -4
KINETIC ENERGY FRAGMENTS (eV)

dissociation, particularly the la$#,5,17,18. We place an
upper limit of 30 mA on the FWHM of H |y compared to
our previously reported value of 40 mA for H,L

verge to the’ll, state of H*. Gubermarf20] has shown that
the potential curves of the manifold f; states are steeper
in the Franck-Condon region than tRe states and lead to 7

For the 100-eV line profile, the kinetic-energy distribution €V per atom upon Kdissociation. The potential curves of

of the fragmentsP(E) is given by
P(E)=k(dT/d\), 4

wherek is a multiplicative constaritl9]. With this approach,
the 100-eV electron-impact line profiles for H,land H L,

the mainfold ofQ, states, being less steep, result in a kinetic-
energy distribution with a peak near 4 eV per atom.

At 100-eV impact energy, both th@,; and Q, states can
contribute to the approximately 14 eV of kinetic energy re-
leased to the pair of excited H atoms at the peak of the 3
kinetic-energy distribution in Fig. 3. However, in the thresh-
old energy range, th®, state is the only source of fast H

in Fig. 2 were differentiated. The combined kinetic-energyatoms between 23- and 30-eV impact energi&s], and as

distributions of the fast and slow HE} and H(3) frag-
ments are shown in Fig. 3 for the blue wing of H &nd H

pointed out above, th@, state remains the dominant source
of H(3p) at all electron-impact energies. The lowe3}

L. The results for the H(@B) atom distribution show a peak [t g(l)(Zpau)Z] state crosses the Franck-Condon region

kinetic energy at 7 eV compared to the H)2peak near 4

at 23 eV. In our case, a curve crossing of this doubly excited

eV. The high-energy end of the kinetic-energy distributionstate via homogeneous perturbation with the dissociating
indicates that the dissociation process releases pairs of btate (ko) (3l) (16.67-eV dissociating energieads to the
atoms with 10-eV energy per atom. The low end of the disfirst group of fast H atoms fon=3. It is important to note,
tribution begins at about 1 eV. We have previously shownon the other hand, that th@, states are dominant for H{2

that the H(%) distribution changes with electron-impact en- above 30-eV electron-impact energy. The difference between

ergy. A comparison of the results for Hf3 at 100 eV with

the two processes can be attributed to the behavior ofthe

those of Ogawa, Ito, and co-workers is excellent. For exasymptotes of the potential curves at large internuclear dis-

ample, their first measuremefit] of H(3l) kinetic-energy

tanceg2—-4 A). Many of theQ, states have a potential curve

distribution from H, line-profile studies showed two kinds of with a potential minimum above the H§1+H(2l) dissocia-
kinetic-energy distributions, an average kinetic energy of #ion limit but below the H(&)+H(3l) dissociation limit.
eV associated with the fast group and an average kineti¥hus, moreQ; states are available for Hf3 production
energy of 0.3 eV attributed to the slow group. More detailed 26].

analysis of the Balmer series by Higa al. [2] followed.
They measured the line profiles for,HH;, and H,. At an

Ogawa and co-workers have carefully measured the cen-
tral peak of the H line profile. They find the central peak of

electron-impact energy of 100 eV, the translational energyhe H, line profile to have a FWHM of 0.32 A at 100-eV
distributions had a fast peak at 7—-8 eV and a slow peak @mpact energy. They also find the central peak to be asym-

~0 eV.

metric because of fine structure. They find the same results
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as illustrated here from the point of view of line-profile and s
kinetic-energy distribution in Fig. 2 and Fig. 3, respectively,

for the ratio of the fast-to-slow component H atom intensi-
ties. The relative intensity of fast atoms increases with in-
creasing principal quantum number. For=RIp we found
that 31% of the atoms released in the dissociation process
are fast[4,5]. Integrating under the kinetic-energy distribu-
tion curve for H=3p in Fig. 3, we find that 47% of the atoms
expelled in the dissociation process are fast. On a qualitativegla)
basis the line-profile comparisons in Fig. 2 show the samey
results. If we take the central core FWHM reported by Ito & ?
et al.[1] and divide by six, we would predict that the H; L
central core should be 50 mA FWHM. On the other hand, 1
our results suggest a FWHM of less than 30 mA. The differ-
ence may be ascribed to the lack of resolution in the H
measurements to separate all the fine-structure components.
The complex line at 6562.8 A is composed of three multi- ENERGY (V)

plets at 6562.86 (@-3s), 6562.74 (2-3p), and 6562.81 A _ . )
(2p-3d). Under higher resolution there are seven lines. The FIG. 4. Estimated absolute cross section of ffilom published
maximum separation is 120 mA and shows the difficulty 0]cc_)ptlcal excitation function measurement of Hrhe excitation func-

determining the slow atom energy distribution from ke tion measurements of Karolis and Hartifg, shown as open _dia-
profiles. monds from 0—100 eV, and Freued al.[16], shown as plus signs

from 100-290 eV, are normalized to the 100-eV cross section of H
L g from this work. The cross section of the blended fldnd L &
DISCUSSION W feature from this work is shown as a filled square.
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We have measured the line profile of H; for the first
time and compared it to a higher-resolution line profile of H

L. The Tes.‘"“t!on was ;ufﬂment to determine the kinetic Fig. 1, including H Lg and L & W features of Table I. The
energy distribution function of fast H{® atoms from an . _19

. : 7 cross section of the blended feature(%69+0.80 <10
analysis of the blue wing at 100-eV impact energy. The

kinetic-energy distribution function shows that tQg states ;:mz t&.lt 100 Ie:V T4he peak cr05830 S(i/Ct'on for both excitation
are most important for H(8) production, wherea®, states uné lons In F1g. ;ccur near 64 e f. h c .
are more significant for H() production. Accurate analysis ur previous indirect estimate of the Hlcross section

—19
of the slow energy peak requires higher-resolution studies dff 8-3X10 cnt’ at 100 eV was based on the,33p, and
the line central peak. Preliminary results from our measure3d excitation rates of Julien, Glass-Maujean, and Descoubes

ment indicate a line FWHM of less than 30 mA and al21] and Glass-Maujeaf22]. However, the excitation rates
kinetic-energy distribution with peak energy between 0 and Were measured at threshdaliear 16.56 eYand may change

eV. The quantum yield of fast and slow atoms released in th@t higher energy. Additionally, these authors have measured
various types of dissociation processes is 0.53 for slow atthe velocity distribution of fast and slow atoms, using mea-
oms and 0.47 for fast atoms. A comparison of the fassurements of anticrossing signals between Zeeman sublevels.
kinetic-energy distribution for H(8) from this experiment They have detected slow atoms with energies between 0.3
to that for H(3s,3p,3d) of Ogawa and co-workers shows that and 0.4 eV and fast atoms with energies~af0 eV in good

they are very similar. This result suggests that the three Hagreement with the results for fast atoms presented here. The
multiplets have the same line profile at 100-eV electron-Doppler shift[21,22 for the slow atoms corresponds te80
impact energy. mA, also in excellent agreement with our estimate.

Our direct measurements of the H; Icross section at Recent studies of Hphotodissociation with synchrotron
100-eV electron-impact energy by two different methods areradiation have shown the angular-momentum population of
in very good agreement with one another and yield an absdl varies strongly with photon energy, particularly in the
lute cross section of3.2+0.8)x10 1% cn?. Due to blending region of predissociation peakg3]. On the other hand, at
with nearby L & W bands, this measurement required arhigh photon energy the angular-momentum substates tend to
estimate of the profile of the red wing. We assumed the lineonverge to equal population.
profile was symmetric, which causes about 10% uncertainty We can also make an estimate of the contribution pf 3
in the cross section. We can extend the absolute cross-sectiatoms to the I cross section and to the total 8mission
result at 100 eV to other energies by normalizing the lowcross section. The branching ratio,gg,, for 1s-3p emission
resolution H, cross-section results of Karolis and Hartiig ~ is 0.881. The emission cross section fqr & 100 eV can be
from 0-105 eV and of Freunet al. [16] beyond 100 eV. found to beQ; 4/ w;3,=3.6X10""° cn?. We sum the H(p
This result is shown in Fig. 4. The excitation function indi- —1s) cross section found in this studiB.2x10*° cnr)
cates the four thresholds found by Karolis and Harting at 16with the H(3-2I) cross section9.3x10 ° cn?) [7]. On
26, 35, and 43 eV. Recently, from high-resolution studies othis basis, we estimate that the &toms contribute 2810%
the excitation function of the Hwing, Ogawaet al. [3]  of the total 3 emission cross section of 180 % cn? [7].
found thresholds at 22—23 and 27 eV. In addition, we showfhis fractional percentage indicates that there is probably no

in Fig. 4 the cross section for the entire blended feature of
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