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Abstract

The contribution of the N2(E3Z*) state to the total metestable excitation

function of N« was assessed on the basis of previous tlme-of-flight studies

of metastable nitrogen molecules. As a result, the cross section for electron

Impact excitation of the N2(E3Z ) state was determined in the domain of the

resonance from threshold (11.87 eV) to an energy of about 13 eV. The maximum
•

value of the cross section was found to be (7.0 ± 4.0) x 10"^8cm2 at an energy

of 12.2 eV. The measurement was made absolute by using the previously deter-

mined yield of the metastable detector, the lifetime of the E-state and

eliminating the energy spread In the electron beam from the raw data. The

half-width (FWHM) of the resonance-like excitation function near threshold

was found to be about 0.4 eV. No substantial evidence was obtained from

the present data for the presence of the non-resonant part of the excitation

function for the E'z* state.
9
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I. INTRODUCTION

Excitation of the metastable E3Z* state of NZ by electron Impact

results In a very sharp feature In the total metastable excitation function.1"'

In this paper the first absolute determination of the excitation cross section

for the E-state Is presented. Relative measurements of excitation functions

for this state have been previously reported.1*"6 The present measurement

was made absolute by determining the efficiency of the metastable detector7

and using the measured lifetime of the E-state.1 Because of the narrow width

of the excitation function, the data had to be corrected for the energy spread

In the electron beam. As a result of this study a rather large peak cross

section of 7 x 10"iecm2 was found for the E-state near threshold 1n disagreement

with some earlier discussions.9 Although the excitation function for the

E-state appears to consist of resonant and non-resonant parts, only the

resonant part was Investigated 1n this work because no direct evidence could

be found for the non-resonant part. Calculations appropriate for the non-resonant%
part show that the maximum cross section In this case should be of the order

of 5 x 10"iecm2.8

II. DATA HANDLING AND RESULTS

The total metastable excitation function of N. obtained 1n previously

reported tlme-of-flight experiments1 using a Cu-Be-0 Auger detector Is shown

In Fig. 1. The sharp feature 1n F1g. 1 near 12.2 eV was caused by metastables

In the E3Z* state. In order to obtain the relative excitation function of

this state, the total metastable excitation function containing the A3z* and

a*ng states but excluding the E-state was Interpolated and Is drawn with

dashed lines 1n Fig. 1. The Interpolation shown was obtained by measuring
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the total' metastable excitation function for different detector distances

(I.e. different me tas table transit times) and detector surfaces.

Figure 1 was obtained' with a Cu-Be-0 surface distance of 6.4 cm from

the collision chamber. Ite can be seen from Fig. 2 that increasing the detector

distance fromr'6.4 to 21 em resulted in a marked change in the total metastable

excitation function. Clearly, at larger, distances the contributions from

relatively short-lived metastable states such as the E-state (and also the

a1 Jig state) become smaller and the interpolation near 12 eV becomes rather

accurate. In order to further assess the correctness of the Interpolation,

a tantalum surface that replaced the Cu-Be-0 surface at a distance of 21 cm

was used. The resulting excitation function is shown in Fig. 3. It 1s seen

that the contribution from the E-state was negligibly small although still

discernible. For a tantalum surface the relative sensitivity for detecting the

energetically lower lying A3E* metas tables is greatly enhanced compared to

a Cu-Be-0 surface, whereas the Increase in sensitivity for high E'E* metastables

Is not as pronounced. This makes the contribution from the E-state in Fig. 3

small compared to tMjt in Fig. 2. Based on the excitation functions in Fig. 2

and 3, the Interpolation shown by dashed lines in F1g. 1 was obtained after
*

taking Into account the decrease in the a'n contribution to the total

metastable excitation function at the larger detector distance.

The excitation function for the E-state as obtained by subtraction of the

dashed from the solid curve is shown 1n the lower part of Fig. 1. The count

rate N(E) due to metastables 1n the E3Zg state was related to the absolute

cross section q(E) for this state by the expression

N(E) ' - nt • T- c* q(E)
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where C ts. the fraction of metastables In the E-state reaching the detector,
T; ' ' '

Y the secondary electron yield, ft the solid angle subtended by the metastable
m

detector at the center of the collision chamber (assuming an 1sotrop1c flux

of metastables 1n all directions);, ty the effective scattering/length of the

collision chamber, n the absolute density of N_ molecules in the collision

chamber, I. the beam current averaged over the period of the electron pulse,

e the electronic charge, and £ the electron beam energy. The cross section

q(E) as given 1n equ. 1 1s uncorrected for finite energy spread 1^ the electron

beam. Typical values for the quantities In equ. 1 and associated errors are

listed 1n Table I.

The scattering length i and solid angle ft occurring In equ. T were calculated

from the known geometry of the collision chamber and detector configuration.

The absolute gas density n was calibrated by monitoring the (0,0) first nega-

tive band of N| at X3914 A for which the absolute cross section is well known.9

The secondary electron yield ym for the E-state was taken from the yield curve

for. the present Cu-Be-0 Auger detector7 at a metastable excitation energy of

11.87 eV which corresponds to excitation of £*Z+ (v1 •> 0). "Franck-Condon weighting"
3

of the yield Ym»2 '7 which takes Into account the dependence of ym on the vlbra-

tlonal levels, was unnecessary for the E-state since only the v1 » 0 level appears

to be strongly excited 1n electron Impact. The details entering in the construc-

tion of the yield curve for the present detector as a function of metastable

excitation energy have been previously reported.7 It suffices to mention that

the various yields obtained for different molecular and atomic metastable states

followed a single smooth curve (the "yield curve"), 1n particular for high

metastable excitation energies. From the overall consistency 1n the yield

curve 1t appears that the error 1n the value for ym listed 1n Table I 1s a

realistic estimate of the uncertainty Involved. Using a small center portion
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of the first dynode of the planar focused mesh multiplier as the metastable

detector, the collection efficiency of secondary electrons was near unity.

The counting efficiency of the pulse counting system was also near unity and

was determined by varying the discriminator threshold and the high voltage on

the multiplier.

The fraction of metastables reaching the detector was calculated from

the expression

0., .(-I.- |)d t
CT = H "IT—1 • (2)

where T Is the lifetime of the E-state (T * 190 usec, see ref. 1)» t the meta-

stable transit time, and 3 = Md2/2kT an experimentally known constant

(0 B 2.4 x 10"8sec2 for a detector distance d = 6.4 cm and room temperature).

It was assumed In equ. 2 that the t1me-of-flight distribution of the thermal

nitrogen metastables 1s MaxwellIan.1 The uncertainty 1n the value for C
• *

listed 1n Table I Is mainly a result of the uncertainty in the lifetime T.

Because of the narrow width of the excitation function for the E-state in

F1g. 1, 1t was necessary to correct the cross section q(E) in equ. (1) for

the finite energy spread 1n the electron beam. In order to facilitate the

calculation 1t was assumed that both the energy distribution in the electron

beam and the measured excitation function for the E-state (Fig. 1) can be

approximated by Gaussian functions possessing the measured half-widths (FWHM)

Tb and FJ,respectively. The "true" half-width of the corrected excitation

function 1s then given by

- v- <»>
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The values for r,, Tp, and rb are listed in Table I. It Is seen that the

corrected excitation function has a narrow half-width of about 0.4 eV.

According to the deconvolution of Gaussian distributions, the original

excitation function (Fig. 1) was scaled by a factor T2/r in width and a

factor r /r in height. This resulted in the curve shown in Fig. 4. Havirig

determined the corrected excitation function, the absolute cross sectional scale

in Fig. 4 was established from the known quantities in equ. (1) (see also

Table I). In particular, the peak cross section was obtained from the relation

rl
\,ax

where qm, is the peak cross section in the original excitation function of
nwiX

the E-state (F1g. 1). The value for q was also calculated from equ. (1).
• IlluA

Substituting the values from Table I into equs. (1) and {4), the corrected

peak cross section for the E-state was found to be

mav
 a (7-° * 4-°) * 10"18

max

at an electron energy of 12.2 eV. The probable error 1n equ. (5) is a conser-

vative estimate based on the Individual errors listed 1n Table I and is somewhat

larger than the rms error of 40%.

The assumption of Gaussians for both the energy distribution in the beam

and the original excitation function for the E-state clearly represents an

approximation, especially because the latter function Is slightly asymmetric

(Fig. 1). However, because of the existing experimental uncertainties in the

detailed shapes of the energy distribution and excitation function, 1t 1s

believed that a detailed numerical deconvolution would not have resulted in

greater Insights.
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IFI. 'DISCUSSION

The narrow resonance-H'ke 'shape 'of the present cross section (Fig. 4)

is in very good agreement with a realtive measurement by Ehrhardt and Willmann8

obtained at an electron scattering angle of 20°. A direct comparison of the

present curve with the relative measurement of Ffeund6 is difficult because

of an energy spread of more than 2 eV and a high energy tail in the latter

case which was not observed here.

The present peak cross section for the E-state is quite large and probably

larger than previously anticipated.1* The total metastable excitation of Winters10

contains very little contribution from the E-state. While this is in contrast

to the present measurements obtained with a Cu-Be-0 surface (Figs. 2 and 3),

it is in good qualitative agreement with the measurement obtained with the

tantalum surface (Fig. 3). It seems that the nickel detector used by Winters

had similar relative sensitivities for the various metastables as the present

tantalum surface. Metastable transit times in Winters' work correspond to

the shorter detector distance in the present work. Therefore any differences

observed in the excitation functions should be mainly due to different relative

detector sensitivities. There also exist measurements where the E-state was

observed with relatively high efficiency3 in qualitative agreement with the

present observations obtained with the Cu-Be-0 detector. Since none of the

other measurements yielded an absolute cross section for the E-state, a direct

comparison is not possible.

The present method does not distinguish between neighboring vibrational

levels of a high lying metastable state such as the E-state of N« (although

this 1s not true for low lying metastable states, see ref. 2 and 7). However,

it appears that the v' » 1 level of the Erstate is only weakly populated (if

at all) as compared to the v1 = 0 level.11 Therefore the present result

represents mainly the cross section for electron impact excitation of E * { v c = 0 ) .



TABLE I; Values and errors for the quantities entering 1n the cross sectjipji

determination (see text and equs. 1 - 4)

Quantl ty

Gas density n

Scattering length I

Solid angle ft

Yield ym
Survival factor C_(d=6.4 cm)

T ' •• • . / . . i ;• 3

Beam current Ib

Deconvolutlon factor Fj/Fg

Beam spread r
b

Measured halfwldth F.

"True" halfwfdth F£

Value

T.6xT012cm's

0. 5 cm

0.05 sr

0.042

0.44

2xlO'e A

1.7

0.60 eV (FWHM)

0.74 eV (FWHM)

0.43 eV (FWHM)
; t

Probable Error
(1n percent)

20

15

10

20

TO

0

20

Total error

* 40% (rms)

10

10

20
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FIGURE CAPTIONS

Fig. 1. Total metastable excitation function of N2 monitored with a Cu-Be-0

surface detector at a distance of 6.4 cm from the source. The sharp

feature near 12 eV corresponds to excitation of the E3E state. The

dashed part of the total excitation function was interpolated (see

text) and corresponds to metastable states other than E3E (i.e.

mainly A3E* and E3Eg). The relative excitation function for the

E-state before correcting for the instrumental energy spread in

the electron beam is shown near the bottom of the figure and was

obtained by subtraction of the dashed from the solid curve near

12 eV.

F1g. 2. Total metastable excitation function of N« monitored with a Cu-Be-0

surface at a distance of 21 cm from the source. The contribution

from the E-state near 12 eV is much less pronounced than in Fig. 1

because of greater in-flight metastable decay.

F1g. 3. Total metastable excitation function of N? monitored with a tantalum

surface at a distance of 21 cm from the center of the collision chamber.

Except for the different detector surface, the parameters were the

same as for Fig. 2. (For a comparison with Figs. 1 and 2, this curve

should be shifted about 0.5 eV to the left.) It is seen that the

relative contribution from the E3E+ state compared to that from the
9

A3E* state is much less than that for a Cu-Be-0 surface.

!ig. 4. Excitation cross section for the E3E* state of N2 as a function of

electron energy. The curve shown is corrected for the finite energy

spread 1n the electron beam (see text).
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