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STARK BROADERING IN HOT, DENSE lASER-P&DDUCED PLASMA

Richard J. Tighe and C. ¥, Hooper, Jr.
Physics Department, University of Florida
Gainesvillie, Florida 32611

Abstract

Brozdened Lyman~g x-tray lines from neon X and ér'gon XWIIL
radiators, which are immersed in a hot, dense devteriuwm ox . O
deuteriun-tritijuw plaswa, are discussed. In gazticular, these
lines are analyzed for several temperature-density cases,
chavecteristic. of -laser-produced plasmas; special attention
paid to the relative importance of fon, electron, and Doppler

effects, Static jon microfield distribution functions are

tabulated.
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Stark Broadening in Laser-Produced Plasmag

1. Introduction

Vith the availability of high-powered lasers, it 1s now possible to pro-
duce extremely hot plasmas that are alse very dense. Such laser-produced
plasmas are currently being studied intensively both in the United States
and abread. An intepral part of these investigations is the developmer‘tt
of diagnostics for the resulting plasmas. Ome proposed diégnostic technigue
would employ x-ray line broadening to determine plasma densitiesl. Experi~
pents on laser-produced plasmas of woderate densities seem to confirm that
Stark broadening nay be vtilized as a disgnostic for high~density laser-
produced plasmasz' 3. Recently Yaakabi" and iaurkhalters, have both re-
ported the observa.tion of Stark-broadened x-raf 1lnes originating in these
dense, hot, laser~produced plasmas. .

Some of the experiments being corducted at the Lawrence Livermore
Leboratory involve the laser-induced implosion of glass encapsulated
deuterivm-tritium-gas targers. It has been propnséd that chese gas tar~
gets be sceded with a small amount of higher 2 impurity such as neon or
lrgons. Ther, for the expected temperature.-deusity conditions produced
by the implosion, the D-T plasma would be fully fonized and the impurity
would be chosen so that the ion would be hydrogenic. Caleculations indi-~
cate that some of the Lyman series wembers of argon XVIIT, a'nd possibly
also of neon X, will have sufficlent intensity to be observed.

In this paper we consider the situvation in which a D or D-T gas, seeded
with 2 suall percentage of neon or argon, is brought te conditions of tem-
perature-denstty sufficient to strip a large fraction of the impurity atoms
of all buc one electron. Under these conditions it should be possible to
observe the Lyman series of x-rays. Wence, ue.will consider I.ymz'm-ci radia-

tion from neon X and/or argon XVILI radiators that are immersed in a fully
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- Lyman~g line for both hydrogenic neon and argon, is to illustrate how such
x=tay lines will be broadened under these extreme conditions, We will ana-
iyze these lyman-alpha lines for various temperature-density cases with
specfal attention paid to the relative :lmportan‘ce to the broadening from
ien, electron, and Doppler effects. We will then compare our results to
those previously found for neutral-hydrogen and lonized-helium radiators
immersed in more conventional plasmas,

Tn section II, we discuss the thecretical formaiism: In part II-A we
treat the [;roblem of caleulating the appropriate electric microfield dis-
tribution at a radiator of charge xe. Alse in II, especislly in II-B we
discuss the formalism necessary to combine the- statlic electric mierofield
contributions with those due to electron and Doppler broadening., In sec~
tion II1 we discuss our results, and in IV we present our conclusions Lo~
getker with comments regarding ful::e work.
1L, TFormalist

The calculations performed herein, are based on s formalisn developed
in Refs. 7 and 8. In this section we sketch this development, as modified
for the case of a hydrogenic, high-Z radiator immersed it a D~T plasma.
Following this, we comment-on the range of validity of this theory.

For an icn undergoing spontaneous electric-dipcle transitions in the

presence of a plasma, the intensity distribution of the emitted radiation

1s given byg.

I(w)= ntRe rdt et {d-dt) W

< > indicates an equilibrium average over the states of the entire
system consisting of radiator and glasmu. 'g. is the dipole moment aperator

of the radiating 1on, the time &cpcndence of vhich {s gencrated by the

ionized D or D~T plasma, Our purpose here, in studying the b}'oadening of the




interaccdons within the plasma,

Ref, 10 indicates the steps by vhich Eq. (1) may be written in the form

I(v)= IP(a)J(w.e) d€ . o

In this expression, vhich sakes the quasi-static approximation for the inn:.'
P(c) is the probability distribution function for the electric microfield
dus to the static dons. The equilibrius average over tha icns is now con-
tained in the microfield integration of Bq, (2). The aversge over the

electrons and the radiator states vemains in J(w,c)

J(w,€)= mt kef&te‘“ Tr, té. {dw) PM]. €]

Tr‘ denotes & trace over the internal states of the radiating ion. The
baavy brackets represent an average over the electrons only, om is the

casonical density operator for the radiator given by

(r)
£ expl-ph)/ T, Lep(ph)]. @
After employing a projection-operator techniq_t:e developed in Ref, 10, and

explicitly perforaing the transform Integration in RBq. (3), we obtain the

following form for J(m,c)'

Jw)=-rIn T {d 20~ & R/A-HET ()] ©

Sa 1s the frequency separation from the unperturbed frequency. The second
ters {n square brackets contains the ion brosdening effects; B is the posi-
tion operator for the bound radistor electron. Averiged electron broadening
effecta appear in the term H{w). This resvlt fu discussed further {n sec-

tion II=B and in Ref. 8.
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The microfield average of Eq. (2) produces the Stark-broadened profile.
A final step involves the inclusion =f Doppler broadening by a convolution
of the Stark profile with a Doppler mmf:l).e.9

(w~u) Iswug("") Aw" (6

spplar

I |1,

where

: ' 2 Me2
T, ()= el ex[ °( )] M
rer = T LRT DL ZKT \@
M 18 the mase of the radiating ion and g is the frequency of the transition

in the absence of the plasma:

1 i
o, = Z n‘. . ()
Z is the nuclear charge of the radiator. o, acd n, are tha principal quan-
tunm nuzbers for the initial and £inal levels, tespectively, of ths transi-
tion being stuéicd,
A, Electric Yicrofield Calculation

The calculation of P(e)} favolves the evaluaticn of the folloving

sine transf om,7’ u

Ple)= 2r™ &jT(ﬂ sn(ef) 141 (9

vhere

=2t f-fexpl-pV -1 L 0:6: Jap oty 00

zu s the configurational partition function and f is the inverse tespers-
ture, (kT)'l. Ve V(rl.....r"). is the pocential entrgy of the systes,
including the interaction between the ions and the charged radfator at

the origin:
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V(r,., ,_“} éx-—exp -t +Z —'(’.! (__L) .
‘ 5y
xe §8 the charge of the radiator and ;\D is the Dabye length,

).p c (KT/L"WY\Q‘ )1”'. a2
After introduciag the parametars,

L‘JE..? as T‘./)u,’ %wc’ﬁ:l, a»

vhera o {8 the ‘on nuoher density, T(L) can be expressed in the form:

| T(L)= *e.:tpf_-‘(L2 +]'_1(L)+L(L}}. )

The evaluacion of ¥, !1(1.). and 12(1.) {nvolves the introduction of collec-
tiva coordinates in performing the wulti-disensional integrations appearing

10 B (10)7* 35 the results are:
Y= [a/8(-2) [ + 2(1-212)x" +3
+§(2-1)« - b + 4(2-12)] w

L(V= 354: X 5"’\'. Y (',(s":féﬁ :’” 1) (6)

() g)]

xax 1)

Pw, ()= X'j‘; .

o l 7‘ 1][e-u.ax _‘a-ff‘“] : 8)

vhers

S(ﬂ X3 < - 'Z
1(:):-[% [__i_( -0y -E:ﬁ“)- 9

+ --(u.e'qm -{2 ef'ﬁ“)],




Glx)= 7‘(x)+ .8 w(i-ru(ay) © (20

@ is an effcctive range parameter the choice of which Is well digcussed in

Refs. 11 and 12. We note here that P(c) is essencfally parameterized by the

tvo constants a and X.

I,(L)= 323, (1) (ke d)f ]
g= st' ZI (F a) @ 0&1{ 7 PYif:) (Lc,(x,)) "’jg(Li(xzﬂ]'

x S"f" e e sy,

k'o S %I (r S(x,_)[ -pwu(*z)__ 1}

S %K ) o] P Ly,

IandkK art; modified Bessel functions of tfuf fixst and third kind. jk(n) is
a spherfcal Begsel function of order k. .

Siacc Il(l.) and Iz(L) are slowly varying functions of L, a table of
values for the two functions is computed, frem which values of T(L) are
produced as needad by interpolation‘. The asymptotie form for P(¢) devel-
oped in Ref, 7 iy uged to determine P(e) for large values of .,

B, The Electron Broadening Function, Jw,t).

The interaction between the radiator snd the electron perturbers is

assuncd to be a point-dipole interaction,

yht‘ - eR . ge (E) : (22)

N I, At o ety 0% = ey

-t



* where 5‘15 the position operator for the bound radiator electron. 'E!(r) is
the electric field, at the position of the radiator, due to an electron per-
turber located at ¥. The matrix elements of R between bound hydrogenic
states are proportional to 2'1! thus the interaction th also scaleg as .
2L, )

As mentioned previously, J{w,e) can be written in the form,

;* J(8)= -t Tm Tr { 4. [Au~eE R/ 'H(“’)]hi(}} (ﬂé)} 2 |

[Aw - e . _l};/h - H(w)]"1 is an effective resolvant operator for the radia-

tor; it is in general a tetradicm, which operates on the radfator opera-
tors to the right of it in equation (5). In the Relaxation Theory

fornalism H(w) is the expanded to second ,ordef i V The na-quenzhing

iat’
spproximation, whieh states that the Interaction V int does not induce mﬁn-
radiative transitions out of the initial excited state ¢f the radiator, is
&g gade. In the case of the Lyman series, vhere there is no lower-state
brosdening, the tetradic operator reduces to ar ordinary matrix operatorn

vhose elements are:

(80~ e&RA-H]] ﬂ-Aw eER /R “uﬂ”\ @)

vhere,
g2 rl 4)-
W), )Z )]
HL ( " R,_‘ w' 'ul
Rz is the z-component of the position operator for the bound radiator elec-
tron., The atomic physics of the problem is explicit in the various matrix

elements of .!L The sum over u" runs over the quantum nuzbers of the upper
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1evel of the desired Lyman transition. In our case, Lyman-a, " runs over

the quantun numbers of the n = 2 excited state. It remains to determine
P{Aw) which centains the average electron broadening effects.

In ordet to ascount for the radfator charge, the electron average is
carrfed out vsing products of Coulomd wave functions for the perturbing
electrons, Since electron-electron intevactions are neglected in this
approach, the perturbers are treated as particles moving independently in

the field of the charged radiator. The details of this calculation are

§ § §<lk1dkzcit

+

given in Ref, 8. The result is

" (aw)= - ‘- 4ne

(25)

X e*P[‘t(“”*“k*““k‘))e*P( 7‘-‘*) fk, )

.

n iz the electron nucher density, and 11 is the electron theruwal wave length.

Xy and k) are vave vectors of the perturbing electrons.

'F(k;, k1 TR 3F'+'(kh ;o (26)

vhere Bee is the free-free Gaunt factor discussed by Karzas and Latterlh.

and by O'Brienls.
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It is convenient now to separate I'(Aw) into its real and immaginary

parts,

Maw)=[ ;E(Aw) + i\-;m(bw) -

Then it can be shown thuts

o228 B4

X ,‘Sexp(-ke“t) ki 3 (ki,ﬁi) Jk,t

(2N

P (AQAO) exP( [Awl/e )PM(AQ}o) (28)

lowd=(2)( 58 e

(29)

°S° exp(—- 2/9 kkzﬂ khk inj(ki »X‘L)]

4
dk,dk
(7(1 \;2 ) . Gl A

O Q8
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(a0}

XSX __P("k.l/e@)k: ﬁ khkz)"'QXQ(-Xg/eg‘ “:X?q
60 (kf X, )

CR ak,Ak

Xi=hialool | Xom kvl

and Br_ is KT, expressed in Rydberg units.

In the above equations we note that I‘ (M) 15 expressed in terms of
tvo—dimensionnl integrals while the expression for I‘ (mn) contains only
cne-dimensional integrals, 1In Ref. 8 the two-dimensional integrals
2ppearing in Eqs. (29) and (30) were numcrically evaluated.

‘ o,xr present caleulational pi'océdure eircumvencs that necessity by a
siﬁpuncazion nf' Eq. (25). That is, we insert a theta function 0(t) ino
Eq. (25) to extend the t~integration from —»-to +®, Then, using the integral
reprasentation of the theta function, the t- and the kz- {nteprations ecan

be :pe:formed. In this manner we obtain 2 dispersion relation expressing

I‘Re(Am) in terms of l'm(Aw):

: P
C{e(Aw): ot g wl}v-\(:) dw’ (1)
A - Lw

Hence we are sble to use the computed vawues of I‘Im(Aw} in evaluating the
onc-dimensional integral for PM(Aw). This procedure results in a large

reduction in the necessary computer time.

R
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A change of variables in Eq.(27)allows us to compute rh(w) rapidly
and accurately using Causs-Laguerre quadrature. Furthermore, since it is )
a slowly varying function of Lw, a table of values for I'Im(.&u) {5 con-
structed and used to compute numarically the Principal Part iotegral for .
l‘Re(Am).

We have stated above thar the electron perturbers move Independently
of each oihor and are represented by groduct wave functions. This jmplies
that rh(w) is analogous to the ideal-ges result shown in Fig. 1 of Ref. 16,
In order to approximafc the effect of electron correlations, we modify

{cut off) the functional forn of I‘h(bm) such that for Aw < ur_,

T (so<wy)z ()

The effects of this procedure have Leen discussed In detail in Ref. 16.
1 we dmpose the sutoff not at up but at some fraction o multiple there-~
of, ve find that the line center will be lovered or raised. However, tha
changes are small snd quite insensitive to the variation iIn the cutoff frequency.
Ouce I'(Aw) has been computed, Eqs. (23) aud (24) are employed in the
copputation of J(w,e). In the case of Ly'vnan-c;. the patrix inverson indi-
cated InEqs. (5) and (23) may be performed analytically. The details of this
nmatrix inversicn and the trace over the states of the upper level of the !

transition are given in Ref. 13. The resvit is,

J{w€)= C.IMI Cos\a(a;.;es-) ﬂ”+3h)+‘51 (32:‘9 (34 of * , ]

5 pry ‘:;
where b = (m.;)’ + oA+ W - 12":‘_“‘_5_ and C is 8 constant which s determined :

when the arca under the line profile is normalized to unfity. A(Aw) is

given by,
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Alaw)= - (%f / szﬁq) E N [l.\w) “ G4

vhere 2, 1s the Bohr radfus, The nuclear charge of the radiater, %, appears
explicitly 3o Egs. (33) and (38). Itids also contalned fmplieftly in

T'(Mw) since the electron perturbers move in the Coulawh field of the hydro-
genic radiaror of charge ¥ = 2 ~ 1, Th.t is, the charge ofithe rad{ator
enters Into the computation of the Caunt factor.

&t this point we briefly discuss the range of validity of the second-
order theory that wa've developed in this section, In dealing with high~
temperature (106 - 107 °%) plaspas in the density range, 1 % 102zfec ~2x 1023/cc,
4t might be expected that a second-order theory, which is based on the
assumption that the vast wajority of céllisions are weak and which does
not include degeﬁeracy éffects. would prove invalid. However, it can be

shown that for the temperature~density ¢onditions discussed in this paper,

degeneracy effects are negligible.1 Tp assess the relative strength of

the eleetron interactions for the physical situations considered here, we
first note that while the electronic attraction to an ionic radistor of
charge % - 1, is proportional te Z ~ 2, the binding energy of the hound

| radiator electron is proportional to 22.‘ Ir follows that the ratio of

the enerty of such an average electron-radiator interact;pn,to the binding
energy of the’valence electron is approximately p;pportional to nlla Z'l;
for the worst case considered here, this ratio is approximately 1/10. ’
Another indicator of relative electron-interaction strength that can be
discussed 1s the ratio of the average electron breoadening effects to the
average energy-level shift of the excited sublevels due to the static-
electric-ficld interaction, e€.R/h (see. Eq.(23). This ratio ig prop;r-
tional to RT/roz. where = 1s the thermal wavelength for the electrom.

Again for cases described in this paper, this rario will be less than 1/10.
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Hence even at the increased densitics the assumptions inherent in a sacond-

order theory are valid, at least iIn the first approximation.
Also, we expect that our theory will be valid inside the plasma fre-

12nll2

quency, w . Since wp = 2,72 x 10 (Rydberg units), we see that as

P
the density increases the second-order theory becomes valid over a larger
portion of the line profile. |
II1. Results

A, Electric Micrgfield Distribution Functions

In discussing our results we will rely on Figs., 1, 2, 3 and tables I
and Ii.

Figs. 1 and 2 illustrate how the probability-distribution functien
for finding a given electriec field at wmultiply-zharged radiators, immersed
dn a "gas" of singly-charged ions, changes as a function of the parameter a.
Fip. 3 shows a comparison .of the distribution functions for three different
wvalues of radiator charge ¥ at a given value of a.

+~Fron these .figures and graphs we observe that the effect on the dis-
-tribution function when ¥ 1s made greater than one, is similar to that
vhich occurs, for x = 1, when a is increascd_(’r is decreased andfor n is
dnereased), That is, as shown in Fig, 3, for ¥ > 1, the peak of the dis-
tribution is shifted to smaller vlalues of €, becomes narrower, and has its
maximum value increased.

Furthermore, a comparison of Figs, i and 2 (tables I a~1 II) with

'J‘ig. 4 (table I) of Ref. 7 reveals that as Y increases the relative sensi-
tivity to changes in a increases, Th's increased sensitivity is due to
the fact that in many functions written down in section II-A, the para-
meter _a_2 is multiplied by ¥.

B. Line Profiles

Figs. 4 and 5 show the relative contributions tr :E}e Lyman-alpha

neon X line profiles from the several broadening mechanisms that are




4nclnded in our calculations, together with the combined resalt, The condi-

15

tions represented in Fig, 4 correspond to an 3 value of 0.2 while those in
Fig. 5 correspond to an 3 value of 0,4, Tt is clearly seen that the lower .
the a value the breader the iun contribution to the line. The relative in- .
portance of the Doppler effect 1s also of Interest. For the temperatures
discussed in this paper, the Doppler effeed is much more significant - com~
pared to tﬁe electron broadening contribution - than was the case when dealing
with more conventional plasmas (e.g. n = 1017fcc ard T = QD,DODOK). The quali—
tative featuras of the Stark profileare glse differént: hete the electron con-
tritution produces a sharp spike which sits on shoulders provided largely by
the fons. Figs. 6 and 7 present plots for argon XVIII that are equivalent

to Figs, 4 and 5 for neon X. The qualitative information is the same.

Figs. B and 9 show, for neon and argon respectively, families of pro-
files, each of wﬁich corresponds to the same T, but different n. 1t is
evident that as n increases, the profile changes greatly, both in shape and
width, thereby illustrating the denéity sensitivity of t@e ilne profilé.

The practical sensitivity that might be inferred from comparison of ex-
perimental and theoretical line shapes depends on at least two factors:
1) how wuck of the line profile csn be experimentally cbserved, and 2}
the resolution of the x-ray spectrometer.used.

Figs. 10 and 11 show, that for neon X and argon XVIII, families of

three curves, each of which corresponds to the same density, but different P

%
‘

T. The results here iwply that the frequently mentioned insensitivity of
plasma~broadened line profiles to variations in T is significantly reduced
8s X increases. The fact that Doppler broadening plays a more significant
rols In broadening the Argon lines than it does for Neon, is due to the
fact that the effect depends not only on mess, but also pa the radiator

2. * i

S




REET

|
;

IV, Summary

The results illustrated, tabulated, and discussed in this paper sugpest
that the diagnostic potential of plasma-line-broadening which has been clearly
9, 18

demonstrated when applied to conventional plasmas , will carry over to

laser-prodeced plaspas where the emitted lines are in the x-ray region. How-

ever the decreased temperature insensitivity lmplies that the use of several .

series members might better be used to determine the density and to alse pro-

vide a consistency check on other temperature determinations.

Qur deliberations have thus far been based on rather ideal assumptions,
Ve have been assumed that our plasma Is optically thin and at a fixed tempera-
ture and density. All of these assumptions will break down for the laser-
produced plasmas. TFirst, the plasmas are in general optically thick which
weans that the resomance line can be expected to be greatly altered, over a
gignificant portion of the profile. Hencé we are in the process of extending
our caleulations to higher series members where the effects of optical thick-
ness will be reduced. Secondly, no.t only will temperature and density not
be fixed, but it is expected that the electrons and ions'ﬁill have different
kinetic temperatures. To deal with this problem, we are modifying our theory
to allow for different ion and electron kinetic temperatures. Finally, we
expect to produce time-averaged profiles, so that we may more realistically
analyze experivental data, Tovard this end, it should be mentioned that the
line profiles illustrated here were very inexpensive to produce - approxi-
nately 1/20th the cost of those illustrated in Ref. 8,

We are also in the process aof extending our electric microfield -and
line profile calculation to cases where the radiator has charge 2-1, and
the perturbers are hydrogenie (2~1) and helium-like (2-2) ions, in varying

ratios,

-
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Figure 1:

Figure 22

Figure 3:

Figure 4:

Figure 5:

Figure 6:
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Figure Captions

The electrie microfield distribution function (), at a point )
haviog & charge of 417, € 48 in units of eo(co ] elr:) and
a=r onb'

The electric microfield distribution functien, P(c), #t 2
point having a charge of +9. ¢ is in unfits of £ a(E o " efri)
and a = 'o”v'

Electric nicrofield distributfen functions, 2(c), for a = 0.6,
8% points corresponding to ¥ ~ 1, 9, 17. "¢ 15 in units of €
(e, ~ e/t and = x, /L.

Line profiles for the Lyman-alpha line of neon X, illustrating .
various contributions to the complete line profile; a) static
icn profile, b) profile including static ions and dynamic
electrons, ¢) profile includiné static jons, dynamic elec~
trons, and the Doppler effect, d) Doppler profile, T = 93.9eV
andn=2x lozzlcc. b is in units of Rydbergs.

Lire profiles for the Lyman-alpha line of neon X, illustrating
varfous contrilwtion to the cemplete line profile; a) static
don profile, b) profile including.static ions and dynamfe
electrons, c) profile. inclvdx'n‘g static lons, dynamic electron

gud the Doppler effect, d) Doppler profile. T = 809.1eV and

n=1x20%fce. b5 s in units of Rydbergs.

Line profiles for the Lyman-alpha line of Argon XVIII, illu-
strating various contributions to the complete line profile;
a) static fon profile, b} profile including static fons and
dynanic electrons, c) profile imeluding static lons, dynamic
clectrons, and the Doppier effect, d) Doppler profile.

Tm113.2¢Vand nr 3 x 1023Icc. Ao is 4n vnits of Rydbergs.
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! Figure 7: Lige profiles for the Lyman-alpha Jine of Argon XVIIX, illu- :
: stracing various contributfon to the complete lir;e profile;

8) static ion profile, b) profile Including static fons and

dynamic electrons, ¢) profile including static fons, dynamic .

electrons, and the Doppler effect, d) Doppler profile.

T = 1019.2V 20d n = 2 x 10°/cc. Au is in units of Rydbergs.
Figure 8: Neon X Lyman-alpha line profiles, each of which correponds

to the same temperature but different density, &uw is in Rydbergs,
Pigure 9: Argon XVIII.I Lyman-alpha line profiles, each of which correspends

to the same temperature but different density. 4w 1s in Rydbergs.
Figure 10: Neon X Lymap-alpha line profiles, each of which corresponds to '

the same density but different temperature. Aw is in Rydbergs.

?gure 11: Argon XVIII Lyman-alpha ldne profiles, each of which éorresponds

: ’ to the same density but different temperature. 4w is in Rydbergs.
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Table Captions

Table I3 Probability distributions, P(e), at a point having a charge
49 e, for geveral values of a, The field strength, €, is
in units of € .
(
Table TI: Probability distribucions, P(€), at a point having a charge '
+17 e, for several values of a, The field strength, €, 1s

in units of_co.



0.1
0.2
0.3
0.4
0.5
0.6

0.7

0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.5
.0
3.5
4,0
4.5
5.0
6.0
o
8.0
9.0

; a= 0.2

0.82795E-02
0.32355E-01
0.70015E-01
0.11793€ 00
0.17206E 00
0.22B17E 00
0.28227E 00
0.33099E 00
0.37184E 00
0.40329E 00
0.42471E 00
0.43625E 00
0.43883E 00
10.43352E 00
~0.42178E 00
0.40507E 00
0,38481E 00
0.36224E 00
0.33844E 0D
0.31427E 00
0.20551E 00
0,13116E 00
0.65068E-01
0.57464E-01
0.40516E-01
0.29671E-01
0.17142E-01
0.10789E-01
0.72993E-02
0,523106-02

Table 1

an D.A
0,19933E-01
0.76325E-01
0.15582E 00

" 0.25750E 00

0.35582E 00

" 0.44323E 00

“0.51181E 00

0.55773E 00
0.58074E 00
0.58321E 00
0.56899E 00
6.54242E 0o
0.50765E 00
-0,46826E 00

© +0,42706E 00

0.38613E 00
0.34688E 00
0.31018E 00
0.27649E 00
0.24600E 00
0.13715E 00
0.79675E-01
0.48503E-01
0.31248E-01
0.21209E-01
0.14989E-01
0.B0386E-02
+ 0, 45998E-02
0,27943E-02
0.1792)F-02

a= 0.6

" 0,50061E-01

0.18414E 00
0.36197E 00
0.53756E 00

0.67584E 00

0.76003E 00
0.78976E 00
p.?7485E 00
0.72874E 00
0.66441E 00
0.59217E 00
0.51927E 00
0.45019E 00
0.38734E 00

0.33169E 00

|0.28332E 00

0.24180E 00
0.20646E 00
0.17652E 00
0.15124E 0D
0.729158-01
0.38276E-01
0.21727E-01
0.13077E-01
0.81010E-02
0.51674E-02
0.229126-02
0.21280E~02
0.61011E-03
0, 35875103

a -'OIB

0.12237E 00
0.41742E 00
0.73441E 00
0.95661E 00
0.10474E 01
0.10281E 01
0.93966E 00
0.81936E 00
0.69277E 00
0.57426E 00
0.47032E 00
0.38264E 00
0.31040E 00
0.25178E 00
0.20455E 00
0.16659E 00
0.13636E 00
0.11204E 00
0.92505E-01
0.76738E-01
0.32482E-01
0.15390E~01
0.77776E-02
0.41504E-02
0.23256£-02
0.13626E-02
0.52827E-03
0.23564E-0)
0.11756E-03

0. 64287404



10,0
12,0
14,0
16.0
18.0
20.0
22,0
24.0
26,0
28.0
30.0
35.0
40,0
.0
50,0
60.0
70,0
60,0
90.0
100,0

10,39335E~02
0,24105E-02
0.15585E-02
0,10512-02
0.737176-03
0.535508-03
0.401568-03
0.30975E-03

02449003

0.197778-03
0.162558-03
0.105038-03
0.71638E-04
0.50974E-04
0.37507E-04
0.21932E-04
0.13850E04
0.92562E-05
0.646165-05
0.46668E-05

[ r_gb.lc,..i st td TV O

0.12092-02
0.62569E-03
0.37178E-13
0,26365E-03
0.16914E-03
0,12035E-03
0.87183E-04
0. 64236E-04
0.,48092E-04
0. 36551E-04
0.28174E-04
0.15539E-04
0.91622E-05
0.56849E-05
0.36742E-05
0.16876E-05
0.85331E-06
0.46362E-06

0.26642E-06 .

0.160136-06

0.22692£-03
0.10834E-03
*0.61023E-04
0.37269E-04
0.23137E-04
0.145106-04
0.92342E-05
0.59900E~05
0.39741E-05
0.269428-05
0.18622E-05

" 0.79448E-06

0.36830E-06
0.18222E-06
0.95030E-07
0.29264E-07
0.10237E-07
0.39452E-08
0.16415E-08
0.72675£-09

'0.37953E-04

0.156665-04
0.732556-05
0.35754E-05
0.18041E-05
0.93957E-06
0. 50419E-06
0.27831E-06
0.15776E-06
0.91682E-07
0. 5453207
0.16307E-07
0. 54218E-08
0.196092-05
0.75974E-08
0.134365-09

0.28175E~-10

0.67364E-11

0.17885E-11
0.51737£-12




0.1

0.2
0.3
0.4
0.5

0.6,

0.7
0.8
0.9
1.0
1)
1.2
1.3
1.4

7.0
a'o
9.0

am 0.2

0.95228E-02
0.37158E-01
0.8021SE-01
0.13465E 00
0.19562E 00
0.25808E 00
0.31738E 00
0.36968E 00

0.41225E 00

0.44355E 00
0.46313E 00

0.47149E 00

0.46980E 00
0.45964E 0D
0.44278E 00
0.42099E 00
06,39590E 00
0.36892E 00
0.34222E 00
0.31371E 00
0.19583E 00
0.12025E 00
0.75688E-01
0.49B66E-01
0.3426BE~0
0.24542E-01
0,13796E-01
0.83781-02
0.53663£-02
0.36029E-02

Jable‘il;

a= 0,4

0.28835E-01
0.10951E 00
0.22627E 00
0.35793E 00
0.48363E 00
0.58673E 00
0.65765E 00

" 0.693B3E 00

0.69796E 00
0.67612E 00
0.63564E 00
0.58360E 00
0.52597E 00
0.46730E 00
0.41072E 00

0.3581SE 00

0.31061E 00
0.26843E 00

.0.231535 00

0.19958E 00
0.96666E-01
0.50139F~01
0.27397E-01
0.16809E~01
0.10658E-01
0.70776E~02
0,34344E-02
0. 18018E-02
0.130923—02
0.600275-03

a=0,6

0.87047E~01

. 0.31204E 00

0.58882E 00
0.82879E 00
0.97782E 00

. 0.10245E 01

0.98700% 00
0.89527E 00
0.77760E 00
0.65488E 00
©.53982E 00
0.43866E 00
0.35331E 00
0.28320E 0D

. 0.22662E 00 .

0.181458 00
0.24561E 00
0.11725E 00

0.94821E-01
0.77057E-01

0.29511E-01
0.12954E-01
0.65264E-02
0.37286E-02
0.23715E-02
0.15980E-02
0.74376E-03
0. 35938E-03
0. 16001E-03
0.93331E-04

a=0.8

0.24017E 00
0.76925E 0
0.12320% 01
0.14314E 01
0.13816E 01

0.11891E 01

- 0,95200F 00

0.72853E 00
0.54282E 00
0.39835E 00
0.29057E 00
0.21173E 00
0.15468E 00
0.11377E 00
0.84086E-01
0.62798e-C1
0.47%?35-01
0.35784E-01
0.27502E-01

0.61281E-02

0.23034£-02

0.13119E-02
'0.63823E-03
0.37731E-03
0.22775E-03
0.846276-04
0.32703E-04
0.13126E-04
0.54G47E-05
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10,0
12,0
14.0
16.0
18,0
20.0
22.0
24.0
26,0
28.0
36,0
-35.0
40,0
5.0
50.0
€0.0
70.0
80.0
50,0
200.0

*

0,25254-02

0.13890E-02
0.86449E-03
0,58938E-03
0.42614E-03
0.31716E-03
0.24048E-03
0.18514E-03
0.14534E-03

0.11575E-03
0.52623-04

0.575396-04
0.37575E-04
0, 25666E-04
. 18165E-04
0.98870E-05
0.5843BE-05
0,36723E-05
0.24193E-05

0.16551E-05

Table 1I .

0.37715E-03
0,17178E-03
0,91379E-04
0, 54402E-04
0.34735E-04
0,22793E-04
b.i&SGZE-O&
0.10020E-04
0.68513E-05
0,47876E-05
0.34690E—05
0.15630E-05
0.77485E-06
0.40847E~06

0,226275-06

07780652-07
0.30289E-07
0,12870E-07
0,58705E-08

0,28358E-08

an

0, 50016E-04

| 0.15767E-04
0.55728E-05
* 0.218258-05

0.93600E-06
0.434408-06
0.21561E-06
0.11311E-06
0.61975E-07
0.35056E~07
0.20323E-07
0.57179E-08
0.17955E-08
0.61763E-09
0.228128-00
0.36920E-20
0.71466E-11
0.158685-11

0.39320E-12

0,10660E-12

0.23568E-05
0.48479E-06
0.11306E~06
0,295826~07
0.85947E~08
0.27439E~08
0.95263E~09
0.35593E-09
0.24164E~09
0.59404E~10
0.259B8E~10
0.5,381E-11
0.62702E-12
0.11911E-12
0.25071E~13
0.14225E-14
0.10465E-15
0.84251E-17
0.99924E-18

0.12121E-]8
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