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The LS states belonging to the configurations?2p®, 2s2p*, 2s?2p?3s, 2s?2p?3p, 2s?2p?3d, and
2s?2p?4s of neutral nitrogen are considered in the calculations of excitation energies and oscillator strengths.
Extensive configuration interaction wave functions are used, which give excitation energies in close agreement
with the experiment. The calculation of the differential and integral cross sections of the forlfigtiép°
transition for the scattering of electrons from atomic nitrogen is performed in a 11-state close-coupling ap-
proximation using théR-matrix method in the energy region from threshold to 70 eV. The calculated differ-
ential cross sections are peaked in the backward direction and compare very well with the recent measurement.
The present integral cross sections also show very good agreement with the available other calculations and
measuremen{.S1050-294{09)10205-]]

PACS numbe(s): 34.80.Dp

I. INTRODUCTION transitions. Goldbach and Nolle8] measured oscillator
strengths of seven weak multiplets in the 1300—1500 A spec-

Atomic collision and radiative processes play an impor-tral range in emission using a wall-stabilized arc method.
tant role in the understanding of energy balance and the rateuggeret al.[9] derived oscillator strengths from astrophysi-
of radiative decay in various types of plasmas and to detereal observations. Musielo&t al. [10] measured the relative
mine theoretical line intensity ratios that eventually can betransition probabilities of 100 lines of Nin the visible and
used to infer electron temperature, density, and elementalear infrared spectral regions and normalized these to abso-
abundances in astrophysical plasmas. The determination bite value utilizing lifetime results. Zhat al.[11] also mea-
atomic transition probabilities and oscillator strengths forsured relative transition probabilities of neutral nitrogen in
electric-dipole-allowed and intercombination transitions ofemission with a wall-stabilized arc method. There have been
nitrogen has been the subject of numerous experimental argbveral measurements of the radiative lifetimes of the
theoretical studies. Recently Robinson and HibbgjtHib-  2s?2p?3s*P and 22p* “P states of neutral nitrogen. Using
bertet al.[2,3], and Tonget al.[4] reported extensive theo- the beam-foil method Chand.2], Dumontet al. [13], Ker-
retical calculations of energy levels, oscillator strengths, anthahanet al.[14], Berryet al.[15], and Smithet al.[16] have
radiative lifetimes of excited states using the configurationmeasured the radiative lifetimes of these states. Brebks.
interaction(Cl) method. Tonget al. [4] calculated oscillator [17], Hutchison[18], and Lawrence and Savag&9| also
strengths of electric-dipole-allowed transitions among themade these measurements using a phase-shift method. There
low-lying states of quartet symmetry inINHibbertetal. are measurements of lifetimes by Mallow and Buf@§]
[2,3] published oscillator strengths for a large number ofusing a pulsed beam, and Labuf#1i] using an arc method,
electric-dipole-allowed and intercombination transitions be-and that of Linet al. [22] who used a titration method.
tween the quartet and doublet symmetry states belonginBengtssoret al. [23], Catherinot and S§24], and Copeland
to the X22p3, 2s2p?, 2s?2p?3s, 2s?2p23p, 2s?2p?3d, etal. [25] obtained lifetimes of the E23p*S® and
and 2?2p24s configurations of neutral nitrogen. Robinson 2p?3p *D° states with state selective laser excitation tech-
and Hibbert [1] calculated oscillator strengths for the niques.
four resonance transitions from tha?2p24s° state to the Theoretical cross sections for elastic and inelastic scatter-
25%2p23s*P, 2s2p* P, 2s22p?4s*P, and X%22p?3d“*P  ing of electrons from atomic nitrogen have been reported by
states of N within the framework of nonorthogonal orbitals. Berrington et al. [26] over an electron energy range from
Bell and Berrington[5] usedR-matrix method to calculate threshold to 35 eV. They performed three independent cal-
oscillator strengths of dipole-allowed transitions between theulations by including 4L S states 2%2p34s°, 2D°, 2p°,
4s° and “P states. and 22p*?P; 6 LS states 2%2p3“4s°, 2D°, 2P°,

On the experimental side oscillator strengths of2s2p*42P and?D; and 8 LS states 8%2p34s°, 2D°, 2P°,
seven lines of N belonging to the strong 2s2p**?P, 2D, 2S, and 2°2P° in the close-coupling ex-
vacuum ultraviolet multiplets €2p®2D°-2s22p?3s?D,  pansions usingR-matrix method. Ramsbottom and BEA7]
25%2p32D°-2s22p?3s?P, and X%2p32P°-2s%2p?3s?P  also published cross sections over an incident electron en-
at 1243, 1493, and 1743 A, respectively, were measergy range from threshold to 13.6 eV obtained in a 7-state
ured by Goldbachetal. [6] using a wall stabilized close-coupling approximation. Ramsbottom and B2T] in-
arc method and more recently Goldbaehal. [7] used cluded three terms*8°, ?D°, and 2P°) of the ground
the same method to measure oscillator strength®s?2p® configuration together with four pseudostates to ac-
of the 222p%4s°-2s?2p?3s*P, 2s22p34s°—2s2p*“P,  count for the polarizabilities of théS®, ?D°, and 2P° states.
25%2p3 48°-2s22p24s4P, 25%2p34s°-2s?2p?3d*P,  Thomas and Nesbd®8] used matrix variation method to
2522p32D°-2s%2p23d 2F, and X%2p®2D°-2s?2p?4s?P  calculate cross sections for the scattering of electrons from
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TABLE |. Parameters of the radial functions ofiN

Orbital Powers of Exponents Coefficients Orbital Powersrof Exponents  Coefficients

1s 1 6.457390 0.937794 pt 2 2.808764 0.718337
1 11.172000 0.058489 3 5.042256 —0.061535
2 1.364050 0.000930 4 1.676895 —1.087283
2 1.897340 —0.001700 4 0.616302 0.505826
2 3.252910 0.005740
2 5.082380 0.009569

2s 1 6.457390 —0.216768 P 2 2.967792 0.258382
1 11.172000 —0.008460 3 0.639289 1.298512
2 1.364050 0.179909 4 1.820905 —0.765207
2 1.897340 0.674156 5 0.505623 —1.295951
2 3.252910 0.312968
2 5.082380 —0.144969

3s 1 5.719390 0.091925 (o] 3 1.695071 0.073760
2 3.757180 —0.086385 3 0.374905 0.985484
3 2.822150 —0.264701
3 0.721460 1.014379

4s 1 5.591291 0.034214 (o7} 3 2.625303 0.105301
2 2.175704 —0.127504 3 0.841961 2.489580
3 0.805945 0.271071 4 1.103713 —1.717963
4 0.379135 —1.147067 4 0.285117 —0.756023
4 0.769198 0.312588

5s 1 4.570678 0.293971 b 3 2.232180 2.620393
2 1.701446 —2.162652 3 2.135817 —1.712292
3 1.585264 2.785534 4 0.709284 —0.488994
4 0.888186 —1.042151 4 0.276778 0.424040
5 0.415284 0.312588

2p 2 1.180284 0.074532 4 4 0.762250 1.000000
2 1.752549 0.628113
2 2.899459 0.330684
2 6.479618 0.021095

3p 2 4.252280 0.022281
2 2.166810 0.123812
3 2.265470 0.030137
3 0.538850 —1.006630

atomic nitrogen and Burket al.[29] used a 6-state approxi- and %%2p24s“P) in the close-coupling expansion and by

mation in the framework oR-matrix method. Hennet al.  the use ofR-matrix method 33].

[30] included Z%2p34S°, 2D°, and 2P° states in the close-

coupling expansion while Ormondet al. [31] considered Il. METHODS OF CALCULATION

these plus some states of higher configurations. Hehg}.

[30] and Ormondeet al. [31] represented target states by The atomic state Cl wave functions are written in the

single configuration. The measurement of the differentiaform,

cross section§DCS) for the forbidden“S°-2D° transition

(A=5200 A) is reported by Yang and Doeriig2] at in-

cident energies from 5 to 30 eV. The measured DCS are

integrated over scattering angles to obtain the integral cross ‘I’(LS):_Zl a;®i(aiL9), @

sections(ICS) as a function of incident energy. =
We calculated energy levels, oscillator strengths, and ra-

diative lifetimes of the excited states using the Cl wave func. here each single configuration functidh is constructed

. : ; from orbitals whose angular momenta are coupled, as speci-
tions. ThelS states of the configurationss2p®, 2s2p?, : _ )
2s22p?23s, 2522p23p, 2522p?3d, and 222p?4s are con- fied by «;, to form a totalL and S common to allM con

sidered in these calculations. The differential and integrall?#crggm:g{gen z;alytlcal form of the one-electron radial
cross sections of the forbiddets®-2D° transition for the

scattering of electrons from atomic nitrogen are calculated by K
including 11 LS states (822p*4s°, 2D°, 2P°, 2s2p* P, _ jni _
2322p23gs4P 2p 2322p(23p‘PD° 4pe, 40 2522p2§d4P Pn'l(r)_jzl CimNio " €XPL~ L} @

M
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TABLE Il. Excited-state energie§n au) of N | relative to the ground state.

Index State This work Experimefit Hibbert? Tong®

1 2s%2p8 4s° 0.00 0.00 0.00 0.00

2 2s5%2p3 2D 0.10464 0.08760 0.12780

3 2522p3 2p° 0.15017 0.13140 0.15778

4 2s22p?(3P)3s P 0.38346 0.37971 0.39992 0.38220
5 2522p?(3P)3s?P 0.39676 0.38361 0.41533

6 2s2p* 4P 0.41089 0.40155 0.41511 0.40324
7 2s22p%(3P)3p 2s° 0.42865 0.42639 0.44811

8 2522p?(°P)3p “D° 0.43433 0.43212 0.45318 0.43698
9 25%2p?(3P)3p *P° 0.43701 0.43518 0.45613 0.43825
10 2522p%(3P)3p 4s° 0.44334 0.44083 0.46213 0.44422
11 2522p?(3P)3p 2D° 0.44493 0.44121 0.46402

12 25%2p?(3P)3p 2P° 0.44917 0.44558 0.46951

13 2522p%(3P)4s*P 0.47254 0.47247 0.49269 0.47670
14 2522p%(3P)4s %P 0.47591 0.47477 0.49526 0.48089
15 2s%2p2(3P)3d 2P 0.47407 0.47672 0.49698

16 25%2p?(3P)3d *F 0.47424 0.47714 0.49723

17 25%2p?(3P)3d °F 0.47691 0.47774 0.49786

18 2522p?(P)3d “P 0.47648 0.47846 0.49784 0.48233
19 2s?2p?(®P)3d *D 0.47628 0.47846 0.49854 0.48213
20 2522p?(®P)3d 2D 0.47679 0.47903 0.49923

aReferencd37].

bReferencd3].

‘Referencd4].

with k=n-l and the normalization factor, _
\Pk=A; Ci®(1,2, ... ,Tg,08)Ujj(Tg)

_[Zgjnl]ljerl/Z
L2112

jnl

3) +; dic; (1,2, ... 8, 7

where C,, {jn, andlj, are the expansion coefficients
exponents, and powers of respectively. For a given set of
configuration state functions, the coefficieatsn Eq. (1) are
components of the eigenvector of the Hamiltonian matri
with typical element,

' where the functiong are formed by coupling the multicon-
figurational functionsb; of the target bound states with the
spin-angle functions of the scattered electron, ancuthare

*the numerical basis functions for the scattered electron. The
operatorA antisymmetrizes the wave function ang, and
dj are expansion coefficients determined by diagonalizing
the (N+1)-electron Hamiltonian. The functiong; in Eq.

(7) are of bound-state type and are included to compensate
whereH represents the nonrelativistic Hamiltonian operatorfor the imposition of orthogonality conditions. Additional
The Hamiltonian matrix can be diagonalized to g  functions ¢; are included to allow for the short-range elec-
<E,<---<Epy. From the Hylleraas-Undheim-MacDonald tron correlation effects. We included 44 continuum orbitals
theorem, we have in each channel, which give good convergence for energies

up to 100 eV. Application of a variational principle leads to
E>Eg*ect, (50 a set of coupled integrodifferential equations, which are
solved numerically by the use of tiematrix method 34].

mine the optimum values of the paramet@g and ¢, in compared with the mean radii of the target orbitals. At each

Hij:<‘l’i|H|‘I’j>v (4)

Eq. (2), subject to the orthonormality condition, incident electron energy, calculations are performed for
eleven values of angular momenta=0-10, which gave
w converged cross sections for the forbidd®®P-?D° transi-
f Po(HPo(n)dr=36,, . (6)  tion. We adjusted the calculated energies of the target states
0 to reproduce the observed values in our scattering calcula-

tion. The diagonal elements of the inner region Hamiltonian
The total wave function representing the scattering ofmatrix are also adjusted before diagonalization.
electrons by atomic nitrogen is expanded 34 Thirteen orthogonal one-electron orbitals, 2s, 2p, 3s,
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TABLE lll. Oscillator strengths of dipole-allowed transitions between states of quartet symmetry in N

Other calculations

This work Tond Hibberf Bell®

Transition fL fy fL fv fL fv fL fy Experiment
2p° 4s°—3s*P 0.294 0.320 0.284 0.296 0.251 0.272 0.262 0.274 027266
2p34s°—2p* 4P 0.064 0.078 0.066 0.069 0.081 0.111 0.087 0.095 (6, @r880; 0.088
2p° 4s°—4s4pP 0.025 0.025 0.025 0.026 0.032 0.030 0.026 0.026 G,0B027
2p°4s°-3d P 0.078 0.065 0.076 0.076 0.066 0.060 0.078 0.069 G.mo7Y
3pisP-4sp 0.098 0.152 0.146 0.157 0.089 0.156 0.142 0.164
3p4s°-3d ‘P 0.919 0.954 1.010 1.022 0.751 0.893 1.02 0.849
3s4P-3p4s° 0.087 0.092 0.094 0.094 0.107 0.089 0102
2p* *P-3p 4° 0.043 0.036 0.034 0.042 0.030 0.042
3s*P-3p“D° 0.430 0.474 0.429 0.440 0.490 0.475 0.155
2p* *P-3p “D° 0.079 0.102 0.071 0.081 0.052 0.057
3p*D°-4s“P 0.128 0.153 0.148 0.163 0.165 0.143
3p “D°-3d*P 0.013 0.021 0.014 0.019 0.031 0.028
3s*P-3p *P° 0.290 0.291 0.283 0.287 0.318 0.277 0.304
2p* 4P-3p *P° 0.027 0.042 0.028 0.027 0.015 0.014
3p 4Po-4s4pP 0.171 0.212 0.198 0.218 0.211 0.205
3p4P°-3d“*P 0.197 0.178 0.204 0.203 0.231 0.221
3p *D°-3d *F 0.780 0.856 0.765 0.801 0.827 0.786
3p“D°-3d “D 0.143 0.133 0.137 0.136 0.139 0.123
3p *P°-3d “D 0.689 0.759 0.690 0.713 0.684 0.682

aReferencd4]. ‘Referencd9].

PReferencd2]. ‘Referencd 16].

‘Referencds]. 9Referencd 7].

dReferencd6]. "Referencd 11].
3p, 3d, 4s, 4p, 4d, 4f, 5s, 5p, and & are used in our Ill. RESULTS AND DISCUSSION

calculation. The &, 2s, and 2 radial functions are chosen
as the Hartree-Fock functions of the?2p2 4s° ground state
of N1 given by Clementi and Roet85] and the $ function In order to test the convergence of the ClI expansion for
has been reoptimized on the sta&2p?3s*P. The 2p and  differentLS symmetries, we carried out several test calcula-
other radial functions have been obtained with the generaions. All configurations with weight more than 0.003 are
nonrelativistic structure code CIV3 of Hibbgi@6]. The ra- retained in our final calculation. These CI wave functions are
dial part of each orbital is expressed in analytical form as ahen used to calculate excitation energies and oscillator
sum of Slater-type orbitals. The exponents and coefficientstrengths. The calculated excitation energies of the various
are determined variationally. The coefficients are also substates relative to thes32p® 4S° ground state of N are pre-
jected to orthonormality conditions. Thes34s, 3p, and 3 sented in Table Il and these are compared with the experi-
functions are chosen of spectroscopic type and are optimizegiental energieg37] and the theoretical energies reported by
on the excited statesp?3s*P, 2p%4s“P, 2p?3p“*D° and  Tonget al.[4] and Hibbertet al. [2].

2p?3d *P, respectively. There is strong interaction between The present calculated energies agree to better than 1%
the 2p24s*P and 20%3d *P states because of their proxim- with the measured values for most states. The largest dis-
ity. In order to represent these states accurately it is necesrepancies are for thes22p®2D° and %22p®2P° states
sary to obtain flexible spectroscopic functions on thesevhere the calculated results are, respectively, 19% and 14%
states. The g, 4d, 4f, 5s, 5p, and & functions are corre- larger than the measured values. Our calculation agrees very
lation type. It is necessary to use the correlation functions irwell with the CI calculation of Hibberet al. [2] and the
addition to spectroscopic functions so that a single set ofmulticonfiguration Hartree-FockMCHF) calculation of
orthogonal functions can represent all the energy states. THeong et al. [4]. The energy ordering of thes?2p?4s?pP,

4p function is chosen as a correction t@ 2n the ground 2s?2p23d 2“P, 2F, “D, and D states is not in agreement
state and is optimized on this state. The finction is cho-  with the experiment. The energy gap between these states is
sen to improve the flexibility of the 8 function and is opti- very small.

mized on the p23p ?D° state. The § and & functions are The length and velocity forms of oscillator strengths for
chosen to account for the polarizability of the ground statedipole-allowed transitions between states of quartet and dou-
The 4d and 4f functions are chosen to improve the energiesblet symmetries are listed in Tables Il and IV. In our calcu-
of the 2s2p**P and %%2p?3d *P states, respectively. The lation of oscillator strengths we have adjusted the diagonal
parameters of the optimized radial functions are given irelements of the Hamiltonian matrices to produce energy
Table I. splittings between states as close as possible to experimental

A. Excitation energies and oscillator strengths
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TABLE IV. Oscillator strengths of dipole-allowed transition between states of doublet symmetry.in N

S. S. TAYAL AND C. A. BEATTY

This work Other calculatich
Transition fL fy fL fy Experiment
2p32D° —3s2P 0.077 0.074 0.075 0.076 0.071
2p32D° —4s?pP 0.019 0.014 0.005 0.015 0.0713
2p®2D° -3d?P 0.00004 0.0004 0.017 0.002
2p32D° —3s2D 0.082 0.079 0.082 0.086 0.083
2p32D° -3d?D 0.003 0.003 0.015 0.005
2p32D° —3d?F 0.065 0.074 0.045 0.031 0.032
3p2D° -3d%D 0.124 0.140 0.121 0.140
3p2D° —4s2?P 0.106 0.198 0.101 0.196
3p2D° -3d°?P 0.038 0.061 0.042 0.058
3p2D° —3d%F 0.682 0.863 0.672 0.806
2p32P° —3s?p 0.068 0.079 0.066 0.056 0.061
2p32pP° —4s2p 0.008 0.003 0.008
2p32P° —-3d?pP 0.029 0.027 0.020 0.013 0.0%0
2p32P° —3s2D 0.025 0.022 0.028 0.025
2p32P° —3d?D 0.033 0.040 0.061 0.033 0.087
3p2P° —4s?p 0.284 0.377 0.214 0.428
3p?2P° —3d?%P 0.095 0.078 0.089 0.089
3p2P° —3d?D 0.666 0.701 0.568 0.772
3s2P-3p2s° 0.109 0.061 0.091 0.071
3s2P-3p?D° 0.696 0.472 0.590 0.662
3s2P-3p2p° 0.403 0.306 0.364 0.354
3p2s° —4s?p 0.001 0.001 0.007 0.002
3p2s° -3d?%P 1.061 0.971 1.205 0.919
%Referencd?2].
bReferencd7].
‘Referencd6].
dreferencd8].
TABLE V. Radiative lifetimes(ns) of excited states.
Lifetimes/excited states
Method Reference P 2p* 4P 3p*s° 3p“D°
Experiment
Laser excitation [23] 26.0-1.5 44+2
Laser excitation [24] 23.3+2.3
Laser excitation [25] 43+3
Arc [6] 2.39
Arc [21] 1.85+0.74 4322
Beam-foll [12] 2.27 3.18
Beam-foil [13] 2.35+0.23 7.3:0.7
Beam-foil [14] 6.80+0.30
Beam-foll [16] 7.4+0.4
Beam-foil [15] 2.4+0.1 7.0:0.2
Pulsed-beam [20] 55+1.5
Phase-shift [17] 2.4+0.2
Phase-shift [18] 2.2+0.4 9.9+1.0
Phase-shift [19] 2.5-0.3 7.2£0.7
Titration [22] 3.0+0.7
Theoretical
CIV3 This Work 2.20 9.10 26.5 41.3
CIv3 [2] 2.59 7.14 23.3 37.2
CIv3 [3] 2.32 8.26
MCHF [4] 2.28 8.82

PRA 59
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FIG. 1. Differential cross sections
(1078 cné/sr) for the #S°-2D° transition in
atomic nitrogen as a function of scattering angle
(deg at the incident electron energy 5 eV. Solid
4t E line: present theoretical results; diamonds: mea-

/ sured value$32].

Differential Cross Section
(4]
T
)

1 1 1 1 1 1 1 ! 1

0 20 40 60 80 100 120 140 160 180
Scattering Angle

values. These adjustments also caused some changes in #teal. [6] estimated uncertainties between 12% and 20% in
weights of eigenvectors. These changes were significant faheir measured oscillator strengths and Goldbach and Nollez
those cases where mixing between states of main configur8] and Goldbachet al. [7] claimed an accuracy of better
tions was strong. Thus oscillator strengths of some transithan 10% for their results. Our results of oscillator strengths
tions are significantly changed from the values obtained withagree well with the CI calculations of Hibbeet al.[2], the
theoretical transition energies. Brage and Hiblh)@] have = MCHF calculation of Tonget al. [4], and theR-matrix cal-
discussed the justification of this procedure. Transitions beeulation of Bell and Berringtofi5] for most transitions. The
tween the terms of the grounds2p® and the excited worst agreement is for the s22p?3p 4S°—2s22p24s4P,
2522p?3s, 2s2p*, 2s?2p23p, 2s?2p?3d, and X?2p%4s  2s2p**P-2522p?3p *P°, and x22p23p “D°
configurations are shown and these are compared with the2s?2p?3d *P transitions. The results for transitions involv-
calculations of Hibberet al. [2], Tong et al. [4], and the ing the 22p*“*P state are sensitive to the choice of wave
various measurements. We have converted LSJ oscillatdunctions and electron correlation effects.

strengths of Hibbertt al.[2] to multiplet oscillator strengths For dipole-allowed transitions among the states of doublet
to compare with our results in Tables Il and IV. The resultssymmetry, the present results normally agree with the calcu-
of Robinson and Hibberl] are within a few per cent of lation of Hibbertet al.[2] and measured values of Goldbach
Hibbertet al. [2] and are not given in Table Ill. The agree- et al. [6,7] and Goldbach and Nolleg8] for many transi-
ment between the present length and velocity forms and witions, except for transitions where oscillator strengths are
other theoretical calculations and experiments is generallgmall and for the Pp°2D°-3d?F transition. In case of
within 25% for most transitions given in Table Ill. Goldbach smaller oscillator strengths there may be some delicate can-

ol FIG. 2. Differential cross sections
(1078 cné/sr) for the #S°-2D° transition in

T atomic nitrogen as a function of scattering angle
8 W 1 (deg at the incident electron energy 7 eV. Nota-
tions are the same as in Fig. 1.

4t L -
] |

2 1 1 1 1 1 ! 1 1

0 20 40 60 120 140 160 180

Differential Cross Section

80 100
Scattering Angle
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25 T T T T T T T T
20 | 7
S
§ 15 | . FIG. 3. Differential cross sections
] (10718 cné/sr) for the 4S°-?D° transition in
% atomic nitrogen as a function of scattering angle
£ (deg at the incident electron energy 8 eV. Nota-
g tions are the same as in Fig. 1.
o
0 1 1 ] 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
Scattering Angle
11 T T T T T T T T
10 a -
9+ 4
8l _
5
3 r q FIG. 4. Differential cross sections
8 (10718 cné/sr) for the 4S°-2D° transition in
S 5r T atomic nitrogen as a function of scattering angle
z s (deg at the incident electron energy 10 eV. No-
S i i tations are the same as in Fig. 1.
g e g
4} .
3t 4
2 F 4
1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
Scattering Angle
8 T T T T T T T
7+ 4
6 - -
@ FIG. 5. Differential cross sections
g nl i (1078 cné/sr) for the #S°-2D° transition in
: atomic nitrogen as a function of scattering angle
g (deg at the incident electron energy 15 eV. No-
£ or ’ tations are the same as in Fig. 1.
2r 4
1F 4
0 I3 1 1 ] 1 1 1 1
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6 T T T T T T T T

5 i
c 4+ } B
k)
(53
§ | FIG. 6. Differential cross sections
g sl i (1078 cné/sr) for the #S°-2D° transition in
s atomic nitrogen as a function of scattering angle
§ (deg at the incident electron energy 20 eV. No-
g8 Ll | [ i tations are the same as in Fig. 1.

| ;/{/\/ L \‘ -

0 1 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160 180
Scattering Angle

cellations leading to discrepancies. played in Figs. 1-7 over an incident electron energy range

Since many experimental publications report radiativefrom 5 to 30 eV and in the angular range from 0 to 180°.
lifetimes, we have given lifetimes in Tables V to compareThese are compared with the measurements of Yang and
our results with these measurements. The experimental lifepoering[32]. The theoretical cross sections are shown by the
time of the 2°2p?3s*P state range from 1.85 to 3.0 ns. full curve and the open diamonds represent the measured
Our calculated value of 2.20 ns agrees well with the mostgjyes of Yang and Doering32] who reported DCS in the
recent of these experimenf§]. Our calculation is also in  angular range 20-135°. The estimated uncertainties in the
very good agreement with the calculated value of Tengl._ measured DCS are: 48%. We have plotted the averages of
[4]. For the Z2p™ °P state we are larger than the calculation i ee sets of measured DCS in these figures. Our theoretical

of Hibbert et al. [2] and Tonget al. [4] by approximately DCS at all enerqi - L
: e 4 gies are peaked in the backward direction and
22% and 3%, respectively. For thes2p<3p“S° and this trend is in agreement with the experiment. This is the

2s%2p?3p “D° excited states our calculated lifetimes agree . ) : ) s
well with the calculation of Hibberet al. [2] and measured expected behavior of a spin-changing forbidden transition as

values of Bengtssoat al. [23], Catherinot and Sy24], and ZLL?.": a?:g?'ej g;]ZnSpén'nCtZ?;g.g% ;?ﬁg'?iegcgggrs.g'ogi ?{;
Copelandet al.[25]. ! Yy ex gel ! g ing angles.

The peak in the backward direction becomes stronger as the
incident electron energy increases. Our calculated DCS are
well within the experimental errors at most scattering angles
Electron-impact excitation differential cross sections forfor the incident energies 5 to 20 eV but at 30 eV our results
the forbidden*S°-2D° transition in atomic nitrogen are dis- are larger than the experiment at many scattering angles.

B. Differential and integral cross sections

FIG. 7. Differential cross sections
(10718 cni/sr) for the #S°-2D° transition in
atomic nitrogen as a function of scattering angle
(deg at the incident electron energy 30 eV. No-
tations are the same as in Fig. 1.
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FIG. 8. Integral cross sections (1t cnr)
for the 4S°-2D° transition in atomic nitrogen as a
function of the energyeV) of the incident elec-
tron. Solid line: present 11-staRematrix results;
short-dashed line: 8-staRRmatrix calculation of
4 Berrington et al. [26]; long-dashed line: 7-state
R-matrix calculation of Ramsbottom and Bell
[27].

100 | T

80 b

Integral Cross Section

60 |

40 |

20

0 10 20 30 40 50 60 70 80
Electron Energy

The integral-excitation cross sections for tH&°-2D° of Burke et al.[39] can be used to smooth over pseudoreso-
transition are plotted in Fig. 8 where they are compared wittances. We have made no attempt in our work to smooth
the measurement of Yang and Doerif82] and with the over these resonances. Alternatively, the pseudoresonance
calculations of Berringtoret al. [26] and Ramsbottom and structure can also be reduced by including pseudostates with
Bell [27]. Again the average of three sets of measured ICS dhresholds in this energy region in the close-coupling expan-
each energy is plotted in Fig. 8. The agreement between thgion together with physical states as described by Bartschat
present calculated results and the measurements of Yang agtial.[40] and this will be the subject of future investigation.
Doering [32] is excellent at all incident-electron energies.

The present theoretical calculation predicts a peak at around IV. CONCLUSION
6.12 eV, which is in excellent agreement with the calcula- We h q ive CI calculati f
tions of Berringtonet al. [26] and Ramsbottom and Bell e have presented an extensive Cl calculation of energy

[27]. The peak in the meaured cross sections seem to 0CCurIgtvels, oscillator _strengths, and radiative lifetimes of excited
slightly higher energy and has the value +9& statesé ng con5|ferec21 2(2) Iow-Iy2|rlgS-2 stateszbelzongmg to

X 10 18 cn?, which they obtained by averaging the peakthe2 2522p , 252p", 25°2p°3s, 25°2p“3p, 25°2p~3d, and
cross sections at 7 and 8 eV. The calculated peak cross sets 2p°4s conﬁgurgtlons of N in the structu_re calculat|o.n
tion is 67.25¢107 8 cn?. There is also an overall good gnd 11LS states in our scatterlng.calculatlon. Theo'ret|cal
agreement between the three calculations. Berringtoal. integral and d|ffer4e|1tlgl é:ross sections for electron-impact
[26] noted a dip in their cross sections due to a cusp assocgXcitation of the “S™-“D? transition in atomic nitrogen,
ated with the opening of channel coupled to tre2p* P which give rise to prominent emission feature at _5200 Ain
threshold. In our calculation we includedpZ3s*P, 2P, the aurora, is reported. The theqretlcal Cross sections are nor-
2s2p* %P, 2p23p2s°, “D°, 4P°, 4s°, 2p24s’P, and mally in very good agrepment with the mea;u_rement of Yang
2p?3d *P states with threshold energies in the 10.3-13.0-e\ANd Doering32] and display the characteristic shape of the
region. Some structure in our cross sections in this energ§pln—chang|ng forbidden transition.

region is due to coupling to additional states not considered
by earlier calculations of Berringtaet al.[26] and Ramsbot-
tom and Bell[27]. The structure above 13.0 eV is due to  This research was supported by NASA Grant No. NAG5-
pseudoresonances, which arise in our calculation because 6889. The computational work was carried out on the JPL/
the use of pseudo-orbitals. Thematrix averaging procedure Caltech Cray supercomputer.
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