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Quantum-mechanical calculation of Stark widths of Nevil n=3, An=0 transitions

Yuri V. Ralchenkd
Department of Particle Physics, Weizmann Institute of Science, Rehovot 76100, Israel

Hans R. Grierh
Institute for Plasma Research, University of Maryland, College Park, Maryland 20742

Igor Bray" and Dmitry V. Furs&
Electronic Structure of Materials Centre, School of Physical Sciences, The Flinders University of South Australia, G.P.O. Box 2100,
Adelaide 5001, Australia
(Received 1 September 1998

The Stark widths of the Nei 2s3s-2s3p singlet and triplet lines are calculated in the impact approxima-
tion using quantum-mechanical convergent close-coupling and Coulomb-Born-exchange approximations. It is
shown that the contribution from inelastic collisions to the linewidths exceeds the elastic width contribution by
about an order of magnitude. Comparison with the linewidths measured in a hot dense plasma of a gas-liner
pinch indicates a significant difference which may be naturally explained by nonthermal Doppler effects from
persistent implosion velocities or turbulence developed during the pinch implosion. Contributions to the line-
width from different partial waves and types of interactions are discussed aq 8/H50-294©9)03203-5

PACS numbd(s): 32.70.Jz, 34.80.Kw, 52.55.Ez

[. INTRODUCTION being in agreement to within 10%. A possible explanation
for this discrepancy in terms of a developed turbulence and
Spectral line shapes can provide very rich and valuablelifferent treatments of small partial waves in electron-ion
information on important plasma parameters, such as ion anscattering was proposed in Rg8]; however, more compari-
atom temperature, electron density, electric field distribusons and detailed investigation of important contributions to
tions, etc. The quantum-mechanical theory of collisional im-the linewidth are of primary importance.
pact line broadening is well established and develddgd Measurements of line profiles for thes2s-2s3p transi-
however the number of purely quantum calculations, espetions 'S,-'P; and 3S;-3P, of Nevi emitted from a hot
cially for highly charged ions, is rather limited. Most theo- dense plasma of a gas-liner pinch were reported recently
retical efforts were directed toward elaboration of semiclas{3 g]. The experimental linewidths for singlet A%
sical or semiempirical methods which showed good accuracy. 3643 g A) and(the strongesttriplet (\T=1982.0 A)
for neutral species and low-charge ions. It is only recently;inas are ANS=1.70+ 026 A and ANT=0.45+0.07 A,

when a number of sophisticated atomic collisional COdeSrespectiver. The electron density and temperature were

rr:]agcehank?gglo ?;iultgvggiﬁjlebe t;at“eg'%g'ﬂﬁzl_'%a ?acgfgm'rpeasuredindependentlyoy laser Thomson scattering and
PP b urned out to be in the range¥,=(3—3.5)x10® cm™3

tions for highly charged ions. From the experimental point of nd T.=(19-20.5) eV. The measured linewidths agree

view, test measurements of line profiles are impeded by th@ Il with iclassicdll 5.9 . irical 10
required independent determination of plasma temperatur\(-‘,{e with most semiclassicdll,5,9 or semiempirical 10]

and density. The experimental situation is even more pecif@lculations but only marginally with other semiempirical
liar in that the linewidths of highZ ions were measured al- "€Sults[11].

most exclusively by the Bochum groupee[2,3] and refer- Here we present the results of fully quantum-mechanical
ences thereln and therefore lack an independent calculations of the Stark linewidths for the=3— 3 transi-
confirmation. tions in Be-like neon. The plan of this paper is as follows. In

The recent results on the Stark broadening of spectrabec. Il the calculational method is described. The features of
lines from multiply charged ions revealed a significant dis-atomic structure as well as inelastic and elastic contributions
crepancy between the independent quantum-mechanical cdb the linewidths are discussed in detail. In Sec. Ill a com-
culations and, on the other hand, experimental measuremerpgrison with available experimental and theoretical results is
and semiclassical results. For thellBmeasurementg4,5], made and the sources of discrepancy are investigated. Fi-
the Stark linewidths for the simpless2p transition differ ~ nally, Sec. IV contains conclusions and recommendations.
by as much as a factor of 2, the two quantum reqdi3|

. METHOD
*Electronic address: fnralch@plasma-gate.weizmann.ac.il
TElectronic address: griem@glue.umd.edu
*Electronic address: igor@yin.ph.flinders.edu.au The calculational method applied here is basically the
$Electronic address: dmitry@yin.ph.flinders.edu.au same as the one used in RE]. We start from the funda-

A. General theory
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mental formula for the full collisional width at half- Ref.[17]. In addition to the Coulomb attraction between ion
maximum (FWHM) for an isolated line corresponding to a and electron and exchange,om accounts for normalization

transitionu—1 [12]: (unitarization) effects and uses experimental level energies
when calculating the atomic wave functions and collisional
- cross sections. It is well known that the Coulomb-Born ap-
W= N F ’ + ’ . . . .
efo v (U)( LZ'U Tuw (V) Z‘l o (v) proximation corresponds to perturbation theory witd &5

expansion parameter, whereis the spectroscopic charge;
therefore, one can expect better accuracy for the CBE
method applied tdighly chargedions. Although the CCC
method generally provides a superior accuracy, the use of

with N, being the electron density; the velocity of the ATOM greatly reduces the computationa}l efforts. Comparison
scattered electron, arf(v) the Maxwellian electron veloc- ©f CCC and CBE cross sections for highly charged H- and
ity distribution. The electron impact cross sectionsLi-like ions (Z<12) demonstrated an excellent agreement
oy (o) represent contributions from transitions connect-between these two methods and available experimental data
ing the uppei(lower) level with other perturbing levels indi-

cated by primes. In Eq(l), the f,(6,v) and f,(8,v) are

elastic scattering amplitudes for the target ion in the upper B. Atomic structure

and lower states, respectively, and the integral is performed
over the scattering angle, with dQ) being the element of

solid angle. Equatioril) relates a linewidth in the impact atomic structure. First, the current version of the CCC code

approximation with atomi_c Cross sectior_ls, facilita_ting the US&tilizes the Hartree-FoctHF) frozen-core approximation for
of well-developed techniques of atomic scattering calculag o mic \ave functions. To study the validity of this ap-
tions for line broadening studies. It can also be rewritten i

. . . i rIproach, we have made a comparison of wave functions cal-
t(erms of tf[1e ]e)lastlsmatrlx elements assuming LS coupling ¢,jated with the full HF and HF frozen-core methods using
see, e.g.[13)):

the Cowan codgl9]. The agreement between the two sets of
wave functions proved to be very good, thereby justifying
w=Re 27N, z (— 1)l+l’(2|_3+ 1)(2L|T+ 1) the use of the frozen-core approximation. These calculations
LI s were also used to determine the root-mean-squared radii of

+f|fu(0,v)—f,(0,v)|2d() dv, 1)

Before proceeding to the details of collisional calcula-
tions, it is worth mentioning some features of the \he

the lower Z3s and upper 23p states, which were found to
(2sT+1) (L] Li (L Ly 1 be 1.8h, and 1.79,, respectively, whereay=0.529
Xm L, L 1]lL, o 1 X 1078 cm is the Bohr radius(Recall that the CBEATOM
code constructs atomic wave functions by solving the Schro
=1 P T dinger equation wittexperimentaknergies rather than solv-
X fo ;F(”)d”[gl"_SU(LUSI 2LyShLuSIEL,ST) ing ab initio HF equations. Another measure indicating the
level of accuracy are the oscillator strengths, which for the
CCC calculations are found to agree within one percent with
Xsf(hs"%LFST;L|S|%L|T5T)])- (2)  the Opacity Project resulti20]. Since in some cases the
atom oscillator strengthsf oy deviate from the high-
accuracy results .. by as much as 15%, the CBE dipole-
allowed excitation cross sections were rescaled by the ratio
fac/ TaTom tO improve these results. Finally, to check the
applicability of LS coupling, we carried out large-scale
atomic structure calculations for N@ with Cowan’s code
taking into account both intermediate coupling and configu-
Gation interaction. The results obtained show that the levels
of interest of Nevil correspond to practically pure LS cou-
ling, although configuration interaction is important for the
s3p'P and P3s'P states which mix to a level of 10%.
'Nonetheless, this mixture is unlikely to be important, since in
the sum of inelastic cross sections in Ed) this effect is
essentially smoothed out.

HerelL and S are the atomic orbital angular momentum and
spin, | and |’ are the electron orbital angular momentum
before and after collision, superscriptenotes the quantum
numbers of the total electrarion system, and thg? 2 €\ are

6-j symbols. The advantage of E() is that it gives more
clear insight as to the importance of inelastic and elasti
contributions to the linewidth; therefore, we will mainly be
referring to Eq.(1) in what follows.

In the present work, the inelastic cross sections appearin
in Eq. (1) were calculated with two independent methods
i.e., the convergent close-coupling€CC) and Coulomb-
Born-exchang€CBE) approximations. The basic idea of the
CCC method 14] lies in the close-coupling expansion with a
large number of square-integrable states. A set of coupled
Lippmann-Schwinger equations for the transition matrix is
solved in momentum space, and the convergence of the re- The inelastic cross sections appearing in Eg.include
sults may be checked easily by increasing the number of thall possible electron-induced transitions originating from the
basis functions. The details of the CCC method can be fountbwer or upper states of a transition. It is normally safe to
in a number of recent reviewd5,16, where a very good neglect the ionization and recombination processes, taking
agreement with various experimental collisional data isinto account only electron impact excitation and deexcita-
shown. For the calculations with the more traditional CBEtion. For the linewidths discussed here, even Are# 0 ex-
approximation, we made use of the codeom described in  citations may(but will not) be ignored, since their rates are

C. Inelastic collisions
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TABLE I. The CBE electron impact excitation and deexcitation 3107 ——— T T —
rate coefficients for Ne in units of cnt s~ for T,=20 eV. The ™
numbers in brackets denote powers of 10. \‘
Y
2s3s3S 2s3s1S 2s3p P 2s3p P
2s3s3S 7.46-10] 3.29-10] 6.1q—08] g a0 7
2s3s's  2.21-10] 5.17-08] 1.19-10] = -
2s3piP  2.47-10] 1.31-07] 5.30 —10] § L .
2s3p3P 1.39-07] 8.44-10] 1.5-09] ]
2s3d3D 9.9§-09] 1.50—09] 1.4§-09] 7.79-08] 2 sl |
2s3d'D  4.10-10] 9.97-09] 6.45-08] 4.49—10] o o
2p3s®P  9.71-09] 3.8 -10]
2p3s'P  9.99-11] 2.3§-08 T 2s3p P-2s3d D l
2p3plP 1.2q0-08] 4.34-11] -—
2p3p 3D 2.04—10] 9.69—09] 0 ] T
2p3p3s 3.8d—11] 2.1§-09] 1 10
2p3p 3P 1.17-10] 3.84—09] Electron energy (eV)
1
;ggz 12 ;gg_ 18% ig%_ iﬂ FIG. 1. Electron impact excitation cross sections for the transi-

tions 253s'S-2s3p P and %3p 3P-2s3d®D in Newvi. CBE,
dashed lines; CCC, solid circles and squares.

at least two orders of magnitude smaller than those for th&®matrix values of 6.X10 % and 9.6<10 '* cm®s 2.
An=0 transitions. Table | presents the CBE rate coefficientSThere also exist-pinch experimental resul{®2] for exci-

for electron impact excitation and deexcitation processetation rates from the ground and metastable states to some of
connecting the upper and lower levels of transitions withthe n=3 states at an electron temperature of 260 eV; these
other perturbing B3I’ levels. The calculation was carried are two to three times smaller than CCC/CBE rates, but large
out for an electron temperatufB,=20 eV, which corre- experimental errors up to 200—300 % limit their usefulness.
sponds to the experimental conditions of R&f, and only To summarize, for the experimental conditions of Ref.
one-electron transitions are considered here since twd8], the CBE inelastic contributiofwith accountof the An
electron transitions were found to have much smaller cross=1 transition$ to the linewidths obtained from Ed1) is
sections. One can see that the largest rate coefficients cornas ~0.806 A for the singlet line and/] ~0.197 A for the
spond to dipole-allowed transitions, while dipole-forbiddentriplet line.

and spin-forbidden channels contribute only a few percent to

the inelastic part of the linewidth. It should also be noted that D. Elastic collisions

since the reaction thresholds are smaller than 6-7 eV, the . ) .

rate coefficients are rather insensitive to smallfew eV) According to Eq(1), the non-Coulomb elastic amplitudes

variations in the electron temperature around the experimer! Scattering from the upper and lower states at the same

tal value of 20 eV. electron impact energy should be subtracted and averaged
Both calculational methods give clogeithin 10%) re- s

sults for the most important dipole-allowed cross sections. 1x10 T oo

(Note that the excitation of the innet 2lectron is also sig-
nificant for the linewidth, contributing as much as 12% and

8% for singlet and triplet lines, respectivglyan example of

the agreement between the CCC and CBE results is demon-~
strated in Fig. 1, where $Bs!S-2s3p!P and
2s3p 2P-2s3d 3D excitation cross sections are shown. Un-
fortunately, there are no other available theoretical nor ex-
perimental data for the 3-3 transitions in We, so in order

to test the accuracy of our calculations it seems to be reason-
able to make a comparison with the existing 2-3 data for this
ion. Probably, the most accurate theoretical results were pro- 1x107"°
duced recently by Ramsbottort al. [21], who calculated

electron impact excitation rates for many 2-3 transitions us-

ing the multichannelR-matrix method. The comparison e oy
shows very good agreement between our data and those of ™10 ¢ 1.0 100
Ref.[21]. For instance, the CBE excitation rate coefficients
(Te=1C° K~86 eV) for the outer electron transition
2s2p®P-2s3d°D and inner electron transition FIG. 2. Non-Coulomb elastic cross sections of ¥eions in
2s2p3P—2p3s3P are 6.%10 ¥ cmPs ! and 9.1 2s3s3S (solid ling and Z3p P (dot-dashed lingstates, and the
x 1071 cm®s™!, respectively, which agree well with the coherent difference terrx(E) (diamonds.

%107

1x107"®

Cross section (cm

e 233338
== 23p°P e
-+ 6E) ¥

-
v vnnl

Electron energy (eV)
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TABLE II. Ratio of the experimental Stark widths of the2s-2s3p lines in Nevi to different theoret-

ical widths.

Line Te (e\/) Ne(Cmis) Wexpt/Wtheor
Nevi 1Sy-1P, 19 3.5¢10'8 1.28% 115" 157 0880.77¢  1.70°
Newvi 3S;-3P, 20.5 3.0<10% 1.53%  1.29°  1.91° 0940829  1.96°

aSemiclassical1].
bSemiempirical10].
¢Semiempirical 11].
dSemiclassical5].
®Present work.

over the Maxwellian electron energy distribution. These am-The ratios of experimental to different theoretical Stark
plitudes were calculated for a large range of electron enetwidths for the Nevi lines are presented in Table Il. The
gies only with the CCC code, since the existing version ofmethods cited there cover various modifications of the semi-
the CBE godeATOM pgoduces_ only melast_lc cross sections. gjassical[1,9] and semiempirica[10,11] approximations.
The 253s°S and 23p °P elastic cross sections,(E) along  the semiclassical methods, including the latest nonperturba-
with th62 coherent difference terma(E)=[[fs(6,v)  tive calculations[9], yield values which are generally in
—fp(6,0)[°dQ) are shown in Fig. 2, the singlet cross sec-greement with the experimental data. The semiempirical re-
tions and difference term having a similar behavior. These s of pimitrijevicand Konjevid11] are rather close to our
res_ults unambiguously reveal _the same .pecullarltles as Welues, and this is quite similar to what had already been
noticed for the Bil 2s-2p elastic tern6], i.e., a faster than notice(; for the Bil calculations6]

L/E energy dependence and strong cancellation(i®). For The major diagnostics challenge in the gas-liner pinch

example, at e~le_ctron impact energies=30 eV, .the coher- experimen{8] may be the determination of the main plasma
ent differencer is more than an order of magnitude smaller arameters, i.e., the electron temperature and density, in a

than' any of the’fe" Slnce_ at large energies the elastic cros region where the multiply charged ions of neon are situated.
section is mainly determined by the size of a system, such(ﬁ_] the experiment, boti, andN, were determined from the
| 1 e e

cancellation may be due to almost equal mean squared ra , :
of the 2s3s and X3p states, as was already mentioned | homson scattering onlglobally, which may not be charac-

above. The general behavior of the elastic difference ternfristic of the plasma conditions near the locally injected
deserves a special investigation and will be reported elsg?€on. As a matter of fact, there exist some experimental in-
where. The Maxwell-averaged elastic contribution to thedications that density and temperature do vary in the vicinity
linewidth is w5~0.067 A andw]~0.023 A for singlet ©f the doping ga$23]. However, the experimental value of
and triplet, respectively. This shows that in this case the elasle is supported by the fact that electron temperatufgs
tic contribution to the linewidths is about an order of mag-=19—20 eV are well within the range of the maximal abun-
nitude smaller than the inelastic one, which is not surprisinglance temperatures for Ne at an electron densit\N,

for such high temperatures. =(3-4)x10"® cm3. Our calculations with the collisional-
radiative codeNOMAD [24] show that for equilibrium condi-
E. Final results tions the Nevn ions account for about 30% of the total

. . ) amount of neon. Another line broadening mechanism affect-
To summarize, the total linewidthe"-WHM) for the g ihe opserved widths may be unresolved Doppler line
283S-ZS3Sp, S°P, and°S- P transitions obtained from Eq. gpjitting associated with the radial implosion velocities in the
(1) arew;~0.873 A andw;~0.220 _A- The same widths  aq jiner pinc23]. The contribution from an ioriproton
were glso calculated with Ec(2_) using the CC_C elastic glisional broadening may be estimated using E5L7)
T-matrix elements and the relation betweBmmatrix andS  from Ref.[1], and it is easy to show that ion broadening is
matrix T=S—1 (I is the unit matrix. The corresponding negligibly small comparing to electron impact broadening.
singlet and triplet widths arew§~1.05 A and w; Since the experimental conditions in the Wemeasure-
~0.230 A. The difference between the results obtainednents were basically the same as for the Bxperiment, the
with Egs. (1) and(2) can probably be attributed to the reso- general conclusiong5] regarding a possible effect of a de-
nances in the CCQ@ matrix, which were not included into veloped turbulence on the linewidths should remain essen-
the CBE inelastic calculations. A conservative estimate ofially the same. It was mentioned in R¢8] that the mea-
the accuracy of these results, based on the CCC-CBE agregdred value of the Stark width for the triplet transitiani
ment and the accuracy of the CCC calculations along the=0.45 A constitutes about 70% of the total measured
[Be] sequence, is 15%. Thus, the final Stark linewidths arelinewidth* which therefore iSANey;~0.64 A . This full
S T width includes Stark, Doppler, and instrumental broadening,
w®=1.0£0.15 A, w'=0.23+0.03 A. (3 the latter being decomposed into Gaussian (0.07 A) and

Ill. DISCUSSION

The linewidths calculated here differ noticeably from the There is no information in Ref8] on the full linewidth of the
measured values of Rd8] and most of the theoretical data. singlet transition, so we will not discuss it in what follows.
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Lorentzian (0.05 A) part$2]. For an ion temperature of
T,=T.=20 eV, the pure Doppler width is approximately 1.0~ ’,«-—H**'***"
ANp=~0.15 A . As noted in6], the Reynolds numbers for /
the Bochum gas-liner pinch experiment are of the order of
10*, which is sufficient for a developed turbulence to exist.
Such a turbulence leads to an extra chaotic motion of Ne ions
with a characteristic velocity of the order of the proton ther-
mal velocityv,. Hence, the full thermatturbulent Doppler
width becomes a factoy20+1~4.6 larger(here 20 is the
ratio of masse#l /M) and is nowAXp~0.70 A . Using
Eq. (6) of Ref. [25], for the FWHM of a combined Voigt
profile including Stark, thermaiturbulent Doppler, and in-
strumental contributions, we get a valds@ ~0.85 A which
is 30% higher tham\ A ,,. The main uncertainty in this cal- -
culation obviously comes from the turbulent contribution, 0.0
which is rather sensitive to the value of the characteristic
velocity. It is straightforward to show that reducing this ve- Electron+ion angular momentum L
locity by one-third only, i.e., multiplying the pure Doppler L ) )
width by 3.1 instead of 4.6, one can exactly reproduce the "'G- 3. Contribution of different total electrarion angular mo-
experimental value af\ ¢,,. Thus, according to the hypoth- mental ; to various elastic and inelastic cross sections.
esis proposed in Ref6], reasonable values of characteristic
turbulent velocities may naturally explain the observed dif-respectively. It follows then that for the given electron tem-
ference in linewidths. perature, criterig4) and (5) are similarly restrictive for the
Regarding the discrepancy between the quantum angemiclassical approximation.
other theoretical calculations, the reader may wonder as to Unlike in the semiclassical method, in fully quantum-
the source of such a difference. The crucial point is thainechanical calculations the determination of the range of
unlike the quantum-mechanical methods, the semiclassicafgnificantL values is naturally accomplished by the partial
approaches have a natural limit of applicability arising fromyaye expansion. In Fig. 3 the contribution of different total
the Heisenberg uncertainty principleee, e.g.[26]). The  gjectronrion angular momenta+ to the CCC cross sections
criterion of applicability of the _semlclasswal ca_llculatlons is shown for an incident electron impact energy of 20 eV for
may be formulated27] as a requirement for the distance of 5 mber of transition®Naturally, the elastic cross sections
the closest approach,,, rather than the impact parameter are governed by the smallest valuesLaf, which are con-
p, 1o be larger than or at least of the sa_me order as thgeaieq in the strong collision term of semiclassical calcula-
cor_respondlng de Broglie Wavelength,min—_Zﬂ_-h/rmm.ax. tions. The most important inelastic cross sections having the
Using the angular momentum conservation, it Is S.tralghtfor_smallest thresholds reach 50% of their values only lfor
ward to show that this is equivalent to the inequality —9, for which the lef-hand side ratio of Eq5) is about
27=<L. (4 0.35. This number is probably already sufficiently small to
justify the use of the long-range interaction approximation
Another limitation on impact parameters was introduced infor L=9; however, the restrictions following from E®)
order to avoid violations of unitarityl], but still assuming are less obvious to have been overcome.
the long-range dipole interaction remain valid. Again refor- Another discrepancy may come from other than dipole
mulated in terms of the distance of the closest approach, thieteractions. Although the monopole interaction was not ex-

o <

[2>] (=]

T T
L S

-

Ratio o(L<L,)/c,,

o
E-N
e

—o 2535°s-2s3p°P
+~% 253s'S-2s3p 'P|
B8 2535 °S elastic 7
& —A 2535 'S elastic 4

0.2

0 5 10 15 20 25

corresponding condition may be written as plicitly included in nonperturbative semiclassical calcula-
tions[9], the quadrupole transitions3s-2s3d was shown to
Mn <1 ) account for about 15% of the linewidth. This value is in

contradiction with the present results. As one can see from
Table I, the 33s-2s3d quadrupole channel contributes only
wherer, is the excited state atomic radius. If this inequality approximately 3% to the quantum-mechanical inelastic line-
is violated, both semiclassical and long-range interaction apwidth. If we take into account only those transitions that
proximations are questionable. Using the Coulomb paramwere considered in Ref9], then this number increases to
eter p=(Z—1)e’/fhv, Eq. (5) may also be expressed in 3.5%, still a factor of 4 smaller than the nonperturbative

I min

terms of the total angular momentumas[27] semiclassical result.
These considerations clearly show that the accuracy of the
rn (Z=Drf[1+(L/5)?]¥2+1} semiclassical calculations may not be as high as it is often
—= =1. (6) thought to be, and new calculations, both semiclassical and

[ 2
mn 2ol guantum-mechanical, are needed to better establish the limits

As was noted above, the mean root squared radii of #s2  ©f applicability for the nonquantum methods.

and X3p states are about 1a§. For T,=20 eV, the Cou-
lomb parameter iy=7 and therefore the ratiq, /r i, takes
values of 1.45, 0.96, 0.43, and 0.22 fo=4, 5, 8, and 12, °The CBE partial wave composition is practically the same.
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IV. CONCLUSION ducing accurate results for other than dipole interactions,
may have problems when being applied to the small impact
, . ; i . parameter region. In our opinion, the next important step in
widths for the singlet and triplets3s-2s3p lines of Nevi fthe development of Stark broadening theory would be a very

was carried out in the impact approximation W'th the US€ Olyetailed comparison between quantum and semiclassical re-
accurate atomic data. Although the results obtained dls«':lgresqjl,[S

with experimental and most theoretical results, a natural ex-
planation for this disagreement can be suggested. On one
hand, the measurements are not free from difficulties related
to possible extra contributions from turbulence and unre- This work was supported in part by the Israeli Academy
solved Doppler shifts. This suggests an independent mea&f Sciences and the Ministry of Sciences of Israél.V.R.),
surement of Stark widths of highly charged ions. On theby the U.S. National Science Foundatidid.R.G), and by
other hand, the semiclassical calculations, not obviously prothe Australian Research CounéilB. and D.V.F).

A fully quantum-mechanical calculation of the Stark line-
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