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The Baranger-Mozer formalism for the computation of low-frequency thermal electric microfield
distributions is extended to dense and hot binary ionic mixture relevant to inertial confinement
fusion (ICF). The corresponding low-frequency microfield distribution of the thermal electric field,
H (B), reproduce the Tighe-Hooper results within 0.5%. However, the numerical procedures are
more straightforward and shorter. We pay special attention to proportion effects in various Ar'7+-
H* and Ne’*-H™ mixtures. Particular emphasis is also given to analytic asymptotic distributions
valid for #>5. Extensive numerical results are given in tables and figures.

I. INTRODUCTION

The continuing interest in accurate Stark broadening di-
agnostics of highly stripped heavy ions immersed in dense
and hot plasmas of inertial-confinement-fusion (ICF)
study, produced by laser or particle beam drivers, stems
largely from the accurate and nondestructive probe of n,
and T, afforded by a method that also does not require an
a priori drastic modeling of the plasma thermodynamics.

Keeping in mind diagnostics of current interest’? in
this field, we shall devote our concentration in the follow-
ing paper® to Ly-a and Ly-B lines emitted by Ne’*+ and
Ar'7* in a dense and hot proton fluid.

As is well known,* the ionic plasma component mani-
fests itself in the broadening process through the standard
low-frequency microfield distribution of the thermal elec-
tric field. It is due to ions screened by the faster moving
electrons.’

Tighe and Hooper? (TH) were the first to design an ac-
curate numerical code providing the corresponding H (3)
values. Their procedure is based on a rather sophisticated
mixture of central and noncentral interactions (as viewed
from the emitter charge) which makes the full process
quite a long one. Keeping in mind that a different emitter
charge requires a new H (), it is easily understood that
simpler computational methods yielding results of an ac-
curacy comparable to those of TH are of obvious interest.

In this respect, it is worthwhile to recall that we have
recently been able to demonstrate quantitatively6 that the
Baranger-Mozer (BM) scheme reproduces the standard
Hooper results’ for H(f3) in cold (T, ~ a few eV) plasmas
within 0.5%. The key quantities of numerical interest are
the intermediate ones involving the dense plasma correc-
tions through the plasma parameter A.

We are thus naturally led to investigate the credibility
of the BM cluster expansion for microfield calculations at
highly stripped ions in ICF plasmas. Actually, it will be
shown in the sequel that the BM approach is again able to
reproduce the TH H(B) data’ within 0.5% uncertainty
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through a much shorter numerical code.

These techniques are especially well suited for plasmas
with A <1. However, they also allow us to easily include
strong correlation effects (A >1) through systematic
resummations up to infinity of the most important chain
diagrams.?

In Sec. II, we adapt the BM scheme to a weakly coupled
binary ionic mixture (BIM) and detail the essential steps
of the H(B) calculation. Section III is devoted to mix-
tures where the proton component is the overwhelming
one. A single highly stripped Al component is considered
in Sec. IV, while Ar'”*-H* and Ne’*-H* mixtures in
any proportions are investigated in Sec. V. Sufficient nu-
merical information is provided in captions and tables.

II. LOW-FREQUENCY MICROFIELDS IN BINARY
IONIC MIXTURES (BIM)

In order to save space and prepare the ground for appli-
cations of specific ICF interest, we investigate low-
frequency distributions H () in BIM with the aid of the
BM cluster expansion for any relative proportions.

A. Notations

Labeling the ions, taken as pointlike, by a (Ne’* or
Ar!7t for instance) and b (H*), we introduce the compo-
sition parameter

Cp

= C,+C,+Cp=1 1
Ca+Cb e+ a+ b ()

p

in terms of the relative concentrations Cg,,
=N, p/(N,+Np). The C’s fulfill the neutrality condi-
tion

'_'Ce +ZaCa +Zbe =0,
so that
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Z, Z,—7Z,)
e_;_zi’L(Kb___“_, c,=1=2 c,=
where
A=(1—-pUZ,+1)+p(Z,+1) .
The corresponding overall BIM screening length
(n=n;/C;, i =a,b,e) is read as
2

(2)

2 Ab,
M= g ‘”
in terms of the electron Debye screening length
kgT
Ap =
Pe 4mn e’

and

R*=2(C,+C,Z2+C,Z})

e
1
1 _
+Za+P(Zb—Za) ]
(Z2—1)+p(Z5-2Z))
X |14 i b~ Za 4)

The dimensionless classical plasma parameter thus
reads

[ z24pzi—-z2 |

2 Z,+plZy,—2Z,)
A= e — a TP b a Ae , (5)
kBT)"D 1
Y Z.402,-2,)
with
' e? 2V2r 3 3
A V°=0.334V", 6
€ kBTkDe 15 334V (©)
and
PP G )
- )\‘D - T1/2 (K) ’

pertaining only to the electron component with 7y so that
(4/15)2m)**n,r3=1. The Holtsmark unit of field
strength thus becomes
Eo(kV/cm)=-5=3.75% 10" %2 (cm~?) (8)
ro

|

VMPy (T, .
VMPL (T, ..., TM) =

M M -
vvpy, (r,,..., 75Tk -

I;chlI,(?k)+2g12,(?k:?k’)ngll’(?k")+ e
(2) k"

"’rk)—ngl(r )Hgl(rk)+zg§b(rj,rk)ng (T )Hgl(rk)+
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with the reduced unit B=E/E,.
The microfield distributions will be discussed under the
usual isotropic form (u =kE,)

H(B)=2L [ " au uF wysin(Bu) ©)

in terms of its Fourier transform F(u).

B. Baranger-Mozer formalism

The mathematical quantity of interest is obv1ously
F(u). It is the Fourier transform of the probability W (E)
for finding an electric field

(10)

at the origin (emitter) produced by N =N, + N, pointlike
ions with number densities n, and n,. One then gets
F(K)= [ exp(ik-E)W(E)dE
= [expiK-E)p(,T5, ..., Ey)dT -

where p(T},T5, ..., Ty) is the joint probablhty for find-
ing N particles located at T1,T2, ..., TN
Upon introducing the auxiliary quantities @, through

exp(iKEf) =1+ ,
explik-Ef)=1+¢f (12)
and making use of Eq. (10) in Eq. (11), F(K) becomes
F(E)=1+zfp(r,)¢p,dr,+2 [p(Fgtd,
(1)
+3 fp(f},f}r)cpjfrp}df’jdf},
(2)
+2l fp(?k’i?k')(PzQJZ'd?kd?kr
(2)
+3 3 [p(F), FogjehdTid T+ -, (13)

(1) (1)

where ;) (3(;,) denotes a sum on ions a (b), while
>z (X3)) is a sum on aa (bb) pairs, and so on. A cru-
cial step in this formalism is the introduction of the clus-
ter expansions

--,f’}”>=Hg‘f(?,->+%g§(?j,r}>ng‘:<?ju>+ e
J j"

(14)

’

(2)
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where M refers to particles located at T}, . . j Corre-
lations appear as systematic corrections to a system of
noninteracting ions. Setting Egs. (14) and (13) yields

F(k)=G(K)G,(K)G3(K) - - , (15)
with
- 2. ninf™1? -
G,(k)= —h,,_.k)|, (16)
P( ) CXP qgoq!(P ___q)| 9P —q
and
hq,p—-q(E):f e f‘l"l" .. ¢;¢,3+1 e ‘PZ
Xgp,p—-q(i?li e ey ?P)
XdT -+ dT, , (17)

where g, , _ q is the static correlation function for g parti-
cles of species a and p —gq particles of species b.
Finally, one obtains

ndnf —1
F LE 2 '(P q)| qP q(k)

_lq Oq

(18)

Inverting Eq. (11), the microfield distribution is given

as

Making use of a spherical harmonics expansion

= zﬂ[mzz + DI ZP0) — 8,17, (61,0, (22)

where j)(Z) is a spherlcal Bessel function, the 4 ’s are ex-

pressed as (Z2° =kEP®, X;=r;/Ap))
ngh%(u)=—u"*Y¢%a) , (23)
a,b 15 na,b 1
bg)m— 2
¥ 2(21”1/2 n, a3
X fo""[1—j(,(z‘l"”)]g‘f’”()(1 X24dX,, (24)

2y =v'ke /Ap, is not to be

confused with the upper index labelings of the heavy-ion
component.
Similarly one gets

maw=Ar, [ [ #lp5esaXdXdX,
WA =ARp, [
PA(u) =AM, f

where the argument a =u!

Pphgia(XdXdX,,  (25)

(2)

o (2)‘1’1%82 b (X)dX,dX,

in terms of the first-order part of the static correlations,
under the form

- 1 -
W(E)= exp(—ik-E)F(k)dk , (19)
(27)’3 Jexe TnZhs A(w)=u*"2Y5 Ala)
with igns a ar}d b trea?ed ex.actly on the same footing. Ln} h (u)=u3/21/J2 Ala), (26)
Upon introducing the dimensionless u =kE, and taking
the angular average in Eq. (19), one retrieves Eq. (9) with nanph? b (w)=u3" 2¢' ala),
Eq. (18). .
For most cases of practical interest,”? we shall restrict where ¢3 5(a), ¥7,4(a), and ¢ A(a are given by
ourselves to weakly coupled systems (A <1). Equation 15
2 wi ala)=—"—"|— 2 Aila)
(18) may then be stopped at order A* with Yo,ala)= 220m172 | n, | &3 ajiWhila),
F(u)~exp[ngh(u)+nyh’(u)+nnyh%(u) 2
L2 L2 b pa=—2 |2 Lsos whia), @)
+3ngh3(u)+5nphs(u)] (20) Y2.4la T 22m)\2 | n, | @3S AR
and
15 2'nanb 1 b b
Ala)= — >ay i Whila)
h‘f(u):fm,p';g';(?,)da , vs. 202m)'\2 | n? a32,.: A
o o g with
[ J, et drdss S—
a)=>(— a
t= [ ehelTndry, @
hg(u)=fm (2)¢';¢,ggg(a,?2)dﬂdr~2, WA,(a)—E(—l) 21 + X% (a) (28)
ab;, \__ b ab;—= =\ 3= 3=
h2 (u)_'f(l) @) ¢?¢2gg (rl,rz)drldrz, WA,i(a)zz(—l)(zl"-l)Xlab( )
where T (T,) denotes locatlon of 1on a (b), and the corre- !
lations functions® g4, g5, gl, gz, g2 detailed in the sequel. and
|
w pX Ia
Xiiar= [ [ Ui Z$) =8, Z25) — 8,17 - XiX3dX, dX;
Lb o o Xy b . b kl,)l 2y2 (29)
Xita)=[7 [ U2} -8, )L Z5)— 8,1 - X iX3dX,dX,

o X
o= [7 [ iz

=8, 1Lin(Z5)— 8,1+ 1i(Z5) =81, )Lin(Z

l,ab
Lab
HEE A 471 xX2x2dx,dX, .
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The o ; [Eq. (27)] will be specified later on, while f4/;
comes out from the spherical expansion (j =a,b,ab)

+1 :
$hi=3 S XX Y0 (01,00 Yim(0,0,)

I m=-1]

(30

for the A part of gJ.
The central quantity F(u) is then well approximated by

F(u)~exp[FV(u)+F®(u)], (31)
with
FO®u)=ngh%(u)+nyh8(u)
— w3 [Pi(a)+9(a)] (32)
and
FO(u)=3n2n2(u)+ 1n2hb(u)+nan,h P (u)
=u3[Y5 ala) + 95 A(@)+¥5A(@)] . (33)
!
Flu)=exp ~ [(1—p)h§(u)+phi(u)]

[Za +p (Zb _Za )]

ne

[Z,+p(Z,—Z,)]?

+7

A pure proton phase (p=1) is obtained by setting
Z,=2Z,=1 in the above, which reduces to

F(u)=exp[n.h(w)++nZh5w)], (38)

with [Eq. (4)] R*=2.

III. HIGH-Z IMPURITIES IN DENSE PROTONS
( P ~1)

Here we allude to the possibility of using small traces of
highly stripped ions (currently Ne’* or Ar!'’*) in a proton
or deuterium fill, as a probe of the plasma parameters
through Stark broadening. The low-frequency distribu-
tion is thus taken on a heavy ion (a). Equations (32) and
(33) now read (first order in A)

W) +nphb )= —u?*Yla) ,

(39)

Ln2h8(w)+ n2hS(u) +nanyh P (w)=uP A(a) .
Heavy ions a appear only in the first line with ¥2(a) tak-
ing into account the a-b interaction through the two-point
distribution

e RX ] 1,

g:(X)=exp |—Z,Z, (40)

X

The second line of Eq. (39) retains only b-b (within pro-
tons) with

[(1—p)?h%(u)+2p (1—p)h(u)+p2h5(uw)]| .

It can be computed for any mixture through the ¢’s and
taking into account ions screened by electrons with
(j=a,b)

-—r,-/ADe T;
=35 (34)

ri

Bl=—Ze |14+
] 7 |°

and the Z® [Eq. (22)] given as (j =a,b)

X,

Z; =zj%(1+X,- Je (35)
1

The usual one-component-plasma (OCP) low frequency
H (p) is easily recovered through

ny=—P
¢ Za+p(Zy—2Z,) e s
- P
ny = n, , 36
S Ze 0 Zo—Z0) ©o
from Eq. (31) which becomes
(37)
|
2 e X
g2:(X)=exp | —Z;A —1. (41)
X
Introducing Eq. (40) into Eq. (24) yields
15 1 :
(@)=——"77~
¢" 2027 )1/2 a
- o R
X [ 11—jo(Z))]exp | —Z,2, X%dx, ,
1
»_ a’ -X
Zi=—00+Xpe "', (42)
X
1
R?=2,

where (p =1, Z,=1). Equations (42) are plotted, respec-
tively, in Figs. 1 and 2 for Ar'’* and Ne’*. The second
line of Eq (39) is identical to the corresponding OCP
quantlty

Therefore ¢2 ala) and ¢v2 a2(@) are, respectively, identi-
cal to Y a(a) and ¥, ,» (a) already worked out in Ref. 6.

It then suffices to replace 1//2 al@) by (P, A+v 1/;2 A2) in
the right-hand side (rhs) of the second line of Eq. ( (39), to
retain static correlations up to A2 Finally, the low-
frequency component at Z,,

(43)

HPB=2L [“uFwsin(Bu)du ,
m YO0

with
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FIG. 1. y%(a) [Eq. (42)] plotted for an Ar'7+-H™* mixture.

F(u)=exp{—u*[Y2(a) =Py ala) =0}, (@)1},  (44)

is given numerically in Tables I and II and pictured in
Figs. 3 and 4. It should be mentioned that the present cal-
culations are limited up to S<5. The 8>5 data are ob-
tained by asymptotic techniques worked out in Sec. V.

IV. HEAVY-ION COMPONENT ALONE (p =0)

A particularly important application of the general for-
malism worked out in Sec. II concerns the highly stripped
ion component a alone. The corresponding plasma model
is of a special relevance to the outer layers (high Z) of tar-
gets designed for heavy-ion fusion.”!® As a working ex-
ample, let us consider Z, =10 with p =0. H(B) is then
deduced from Eq. (32) written as

ngh%(u)+nyht(u)=—u’*yla) , 45)
with
15 11
Ha)=—" —
¢ a 2(277.)1/2 Z, a3
x [ 11—jo(Z]
X exp —z,%A}eT“”‘ XX, . (46)

In order to implement Eq. (33), it should be recalled
that the g-a interaction is now a strongly coupled one
which does not allow any more the linearization of the
static pair correlations
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T T T T T T T
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@ V=08

FIG. 2. 9(a) [Eq. (42)] plotted for a Ne**-H* mixture.

e —RX
X

g:(X)=exp | —Z2A 47)

Hopefully,® a Debye-type g,(X) may be recovered by
resumming the longest chain diagrams up to infinity,
under the form

) e—R’X
gz(X)=—Z,,A—X— , (48)
where
172
R'=+ 127— —-————2(2175) ZVR|R .
Equation (33) thus reads
Tn2hS W)+ 5ngh3(w)+ngnph S (W) =u3"Y5 \(a) ,  (49)

with ¢3 s(a) already computed in Ref. 6. The numerical
H (B) data (Table III and Fig. 5) are obtained through

F(u)=exp{ —u’[¢Y2(a)—yY5 A(a)]} . (50)

V. Ne’+-H* IN ANY PROPORTIONS

Moving to the general case of a BIM with any p, Egs.
(32) and (33) now take the following form: For p =0.0

nah'f(u)+nbh’1’(u)= _u3/2¢(lz(a) ,
Fn2hE(w)+ $nfh8u) +nanyh 8 (w)=u3"y3 A(a) ,

for p =0.5



29 LOW-FREQUENCY ELECTRIC MICROFIELD IN DENSE AND...
TABLE 1. Low-frequency microfield distribution at an ion Ar'’* immersed in a dense proton plas-
ma (p=1).
| 4

B 0.2 0.4 0.6 0.8

0.1 0.96128x 102 0.27887x 10! 0.72291x 10! 0.164 75

0.2 0.37499% 10! 0.106 14 0.263 59 0.55577

0.3 0.809 38 10! 0.22009 0.51066 0.95757

04 0.13584 0.349 82 0.742 84 0.12135x% 10"
0.5 0.19728 0.47510 0.90905 0.12829 10!
0.6 0.260 16 0.579 62 0.988 59 0.12111x 10!
0.7 0.31978 0.65338 0.98691 0.106 14 < 10!
0.8 0.37227 0.692 98 0.924 22 0.88338

0.9 0.414 88 0.700 46 0.82474 0.707 34

1.0 0.446 07 0.68135 0.709 68 0.549 37

1.1 0.46542 0.642 68 0.594 33 0.416 30

1.2 0.47347 0.59153 0.48798 0.309 17

1.3 0.471 39 0.53399 0.39512 0.22579

1.4 0.460 82 0.474 84 0.31697 0.162 66

1.5 0.443 55 0.41740 0.252 86 0.11594

1.6 0.42137 0.363 80 0.201 15 0.82003x 10!

1.7 0.39594 0.31518 0.15992 0.576 30 10!

1.8 0.368 67 0.27198 0.12728 0.40238% 10!

1.9 0.34073 0.23416 0.101 51 0.278 78 10!
2.0 0.31303 0.20142 0.81208 10! 0.19097x 10!

2.5 0.19568 0.976 09 x 10~! 0.28794 % 10! 0.67632x 102

3.0 0.11919 0.49319%x 10! 0.12800x 10! 0.24110x 102

35 0.75145% 10! 0.27183x 10! 0.65287x 102 0.97685x 103
4.0 0.49489 % 10! 0.16095x 10! 0.35063 %1072 0.44142x10~3

4.5 0.34035x 10! 0.10147x 10! 0.20748x 102 0.20748x 103

5.0 0.24332x 10! 0.672995x 102 0.11956x 102 0.11287x1073

6.0 0.13629x 10! 0.32603 %102 0.47821x 1073 0.35861x10~*

7.0 0.838 64 102 0.17177 X102 0.21740x 1073 0.13717x10~*

8.0 0.55221x 102 0.101 67102 0.10771x 1073 0.55243x10°

9.0 0.38254 1072 0.668 88 < 103 0.54877x 10~* 0.25965x 1073
10.0 0.27561x 102 0.43071x 103 0.29991x10~* 0.11695x 1073
12.0 0.156 181072 0.18974x 1073 0.10927x10~* 0.27291x10~¢
14.0 0.96319x 1073 0.108 69 X 103 0.43137x1073 0.70180x 10~
16.0 0.62632x 103 0.60085x10~* 0.18539x 103 0.21764x 107
18.0 0.44493 %103 0.36261x10~* 0.85863 %10~ 0.69563x 1078
20.0 0.31690x 103 0.22694 < 10~* 0.41678x10~° 0.23629x 108
22.0 0.24019% 103 0.14919x10~* 0.20252x%10~¢ 0.88381x10~°
24.0 0.18467x 1073 0.99711x107° 0.10692x 10~¢ 0.33857x10~°
26.0 0.14448 %1073 0.68131x10~3 0.58141x1077 0.13494 % 10~°
28.0 0.11540% 1073 0.478 831073 0.32922x 1077 0.56926x 1010
30.0 0.94418x 104 0.32983x10~° 0.19634 %107 0.25895x 1010
35.0 0.57228x10~* 0.15533x 103 0.57594 %108 0.33783x 10~ 1!
40.0 0.37226x10~* 0.764 06 % 106 0.17844 <108 0.54057 %10~
45.0 0.25456x10~* 0.40307x 10~ 0.61258x10~° 0.12202x 1012
50.0 0.17717x10~* 0.2166110~° 0.21450x10~° 0.23576x 10~ 1
60.0 0.977 64 103 0.76345x 1077 0.35956x 1010 0.14073x 10~
70.0 0.59674 %103 0.28248x 107 0.63806x 10~ ! 0.898 73 1016
80.0 0.36919x 103 0.12954x 1077 0.16172x 10~ 0.997 80 10~
90.0 0.23355x10™° 0.54662x 108 0.34831x 10712 0.84217x 1018

100.0 0.16423 %1073 0.27800x 108 0.10340< 1012 0.11806x 10—18
nah§(u)+nyh ()= —u3[¢%a)+¢2a)] , (51)  forp=1.0

2RS4+ +nZh3(uw) +nanyh % (u)

=u¥"[Y4 A(@)+8na) +¥5 A (@]

nah§(u)+nphs(u)=—u3*ya) ,

Tnah3 W)+ +nghs(w) 4+ nanyh®(u)=u"*y8 s(a)
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TABLE II. Low-frequency component Ne proton (p =1) at an ion Ne’* immersed in a dense proton

B. HELD, C. DEUTSCH, AND M.-M. GOMBERT

plasma.
14

B 0.2 0.4 0.6 0.8

0.1 0.83316x 102 0.19536x 10! 0.44393%10~! 0.94722x 107!

0.2 0.32459% 10! 0.748 96 10~ 0.164 83 0.33160

0.3 0.70431x 10! 0.15716 0.32878 0.606 08

0.4 0.118 61 0.25390 0.497 24 0.826 15

0.5 0.17301 0.35191 0.63787 0.95018

0.6 0.229 35 0.439 88 0.73218 0.980 69

0.7 0.28362 0.509 41 0.77578 0.94111

0.8 0.33241 0.55672 0.774 50 0.85796

0.9 0.37323 0.581 18 0.73927 0.753 19

1.0 0.404 54 0.58493 0.68208 0.642 94

1.1 0.42573 0.571 69 0.61344 0.53817

1.2 0.43700 0.54577 0.54135 0.445 30

1.3 0.43917 0.51137 0.47125 0.36677

1.4 0.43347 0.47209 0.406 36 0.301 86

1.5 0.42133 0.43083 0.348 31 0.248C9

1.6 0.404 25 0.38970 0.297 63 0.20271

1.7 0.38363 0.35012 0.254 10 0.163 74

1.8 0.36075 0.31301 0.21705 0.13041

1.9 0.33668 0.278 85 0.18562 0.10292

2.0 0.31228 0.247 84 0.15895 0.81637x 10!

2.5 0.203 00 0.13696 0.74378x 107! 0.34063 10!

3.0 0.12893 0.784 34 10! 0.37490x 10! 0.15758x 10!

3.5 0.84268x 10! 0.47418x 10! 0.21093x 10! 0.83144x 10!

4.0 0.56919% 10! 0.31060x 10! 0.13027x 10! 0.46222% 102

4.5 0.39992x 10! 0.21471x 10! 0.82598x 102 0.26728x 102

5.0 0.29348x 10! 0.15415x 10! 0.55281x 102 0.16315x 102

6.0 0.16968 10! 0.84066 10~2 0.265 84 1072 0.68332x 1073

7.0 0.10648 < 10! 0.49803 x 102 0.14036x 102 0.32155%x 1073

8.0 0.711 66 102 0.31789x 1072 0.798 50103 0.16683 %1073

9.0 0.50049x 102 0.208 84 102 0.49476x 1073 0.90031x10~*
10.0 0.36308x 102 0.144 54 % 102 0.31698x 103 0.56077x10~*
12.0 0.201 69 % 102 0.716 75x 1073 0.15144x 1073 0.21130x10~*
14.0 0.13367x 102 0.43105x 1073 - 0.77420x 10~* 0.859 74103
16.0 0.93305x 103 0.26723% 1073 0.42382x10~* 0.39927x 1073
18.0 0.67982x 103 0.17850% 103 0.246 06 10~* 0.19035x 10
20.0 0.49713x 103 0.12312x 1073 0.1483610* 0.949 50 10~
22.0 0.38536x 1073 0.88509x 10~* 0.898 80 103 0.506 1410~
24.0 0.30291x 1073 0.64598x 10~* 0.578 70 103 0.27499 %10~
26.0 0.24210x 1073 0.48059 10~* 0.38133x10° 0.15371x 10~
28.0 0.19732x 103 0.36603 % 10~* 0.25892x 1073 0.89311x10~7
30.0 0.16446x 1073 0.27495x10~* 0.18247x 103 0.54531x10~7
35.0 0.10462x 1073 0.15502x10~* 0.80070% 1073 0.1536610~7
40.0 0.71116x10~* 0.908 82 10~ 0.36751x10~¢ 0.496 61108
45.0 0.506 58 x 10—* 0.56429% 1073 0.18177x10~¢ 0.199 68 < 108
50.0 0.36723x10~* 0.35672x 10~ 0.91590x 10~7 0.73444x10~°
60.0 0.21744x10~* 0.16659% 10~ 0.288 61107 0.13397x10~°
70.0 0.14123x10~* 0.81397x 10~ 0.95569 10~ 0.25824x 10710
80.0 0.93117x10°° 0.46710x 10~ 0.40067x 108 0.69937x 10~ 1!
90.0 0.62777x 1073 0.25414x10~° 0.15269x 108 0.16231x 10~ !

100.0 0.46449x 10~ 0.15840x 10~ 0.71569x 10~° 0.51140x 1012

with the 1/le,z(a)’s explained in terms of their respective

g,(X) as (see Fig. 6)

Yila)—>g,(X)=exp

e —RX
X

—Z2A

ybf(a)-—»gz(X):exp

P(a)—g,(X)=exp

—Z,Z,A

e-—RX
X s

X

—RX
—Z2AE l_1,

(52)
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FIG. 3. Low-frequency electric microfield H(B) values in
Ar'7+-H+ at Z,=Ar'"* for heavy impurities immersed in a
dense proton fluid (p =1).

b e—-RX
¢§ (a)——>g2(X)=exp *ZaZbA X -1,
b 2 e—RX
r(ab)—g,(X)=exp | —ZzA X -1
with
F(u)=exp{ —u>"[$2(a)+¢5(a)— 95 Ala)
— 93 Ala) =93 ()]} (53)
and
o\ 15 (1—p) 1
vela)= 22m)? Z,4+p(Zy—2Z,) a®
x [ 11—jo(z$)]
—RX,
X exp —Z‘,ZAe X%Xm ,
X (54)
b(g)— — 13 p 1
d’c(a)— 2(217_)1/2 Z,,+p(Zb—Za) 3

x [y [1—jo(Z9)]

—RX,
e 2
—Z,Z,A X ]deXl,

Xexp
1

N L R E B
1.0~® —
LOW-FREQUENCY (Ne®t H")COMPONENT

AT A CHARGED POINT Z, N

0.6 —

MV=02
@V=04
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FIG. 4. Low-frequency electric microfield H(B) values in
Ne’t-H* at Z,=Ne’* for heavy impurities immersed in a
dense proton fluid (p =1).

where
b a? —X,
Z‘f’ Z,,b——;(l—i—Xl)e
X1
and
1
RrP=|14+——
o« |14 (Zy—WNZ,+1)+p(Zy—Z, N2y +2Z,)
(Zg+1)+p(Zy—2Z,)

The resulting H () are given in Table IV and Fig. 7 for
V =0.2 (weak coupling). The variations of the overall
plasma parameter A [cf. Eq. (5)] are explained in Fig. 7.
The strongly coupled case (¥ =0.8) is numerically con-
sidered in Table V and Fig. 8.

Both Figs. 7 and 8 show clearly that it takes only a
small heavy-ion proportion to switch the H (B) distribu-
tions around the pure heavy-ion phase (p~0) one. More-
over, the p dependence of A [Eq. (5)] altogether with the
A dependence of V [Eq. (6)] shows that proportion effects
are basically monitored by the coupling parameter A.

It is also gratifying that the present results fall within
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TABLE III. Low-frequency H (B) in a pure Al'%* plasma (p =01).

| 4
B 0.2 0.4 0.6 0.8
0.1 0.20920% 102 0.56333% 102 0.20459x 10! 0.81649x 10!
0.2 0.82898 %102 0.21974x 107! 0.74456 10! 0.23333
0.3 0.18363x107! 0.47449x 107! 0.145 67 0.360 55
0.4 0.31940x 10! 0.797 54 10! 0.21849 0.44253
0.5 0.48535x 10! 0.11623 0.28277 0.48581
0.6 0.67565x 10! 0.15424 0.33377 0.50040
0.7 0.88387x 10! 0.19145 0.37043 0.495 67
0.8 0.11033 0.22601 0.39383 0.47991
0.9 0.13272 0.256 63 0.406 06 0.458 39
1.0 0.15491 0.28257 0.409 38 0.433 62
1.1 0.17632 0.303 50 0.405 67 0.40700
1.2 0.19643 0.31946 0.39652 0.38163
1.3 0.214 82 0.33071 0.38342 0.35607
1.4 0.23116 0.33765 0.36776 0.32807
1.5 0.24522 0.34074 0.35063 0.30073
1.6 0.256 84 0.34044 0.33274 0.278 61
1.7 0.266 00 0.33722 0.31461 0.262 17
1.8 0.27270 0.33150 0.296 61 0.24803
1.9 0.27705 0.323 67 0.278 96 0.23333
2.0 0.27918 0.31411 0.26170 0.21702
2.2 0.277 54 0.291 14 0.228 64 0.18205
2.4 0.26947 0.26508 0.19909 0.15428
2.6 0.25675 0.23804 0.17375 0.13312
2.8 0.24099 0.211 64 0.15248 0.11949
3.0 0.223 54 0.18697 0.13455 0.10148
35 0.17843 0.13568 0.10091 0.78978x 10!
4.0 0.136 87 0.98670% 10! 0.74251x 10! 0.59546x 10!
4.5 0.10113 0.728 69 10! 0.53986x 10! 0.43348x 10!
5.0 0.716 14 10! 0.54222x 107! 0.38580x 10! 0.30641x 10!
6.0 0.38426x 10! 0.26840 10! 0.18316x 107! 0.156 54 10!
7.0 0.22764x 10! 0.14440% 10! 0.97108 %102 0.77737x 1072
8.0 0.14699% 10! 0.80775x 102 0.55243x 1072 0.39109% 102
9.0 0.998 60 102 0.483 50 102 0.31217x 1072 0.20625% 1072
10.0 0.707 11 102 0.28239% 102 0.174 54102 0.11860x 102
12.0 0.404 191072 0.13279x 1072 0.65487x 103 0.38285x% 1073
14.0 0.24213x 1072 0.65620x 10~3 0.25215x 1073 0.13906x 10~3
16.0 0.15559% 102 0.33354x 1073 0.10690x 103 0.52259x10~*
18.0 0.10507x 102 0.19282% 103 0.48883x10~* 0.21750x 10~*
20.0 0.75731x 1073 0.11054x 1073 0.22666x 1074 0.80130x 1073
22.0 0.56214x 1073 0.69958x10~* 0.11474x10~* 0.35967x 1073
24.0 0.409 84 10~3 0.42723x 1074 0.55827x 1073 0.14819%x 1073
26.0 0.31735x 1073 0.26588x10~* 0.29445x 103 0.68092% 10~
28.0 0.24550% 1073 0.17003x 10~* 0.15213x107? 0.29159x10~°
30.0 0.19710x 1073 0.11024x10~* 0.856 78 10~° 0.11546x10~°
35.0 0.11370x 1073 0.42436x10° 0.18889x10~° 0.15430x 107
40.0 0.63591x10~* 0.14200% 103 0.40307x 1077 0.14747x 1078
45.0 0.40693 % 10~* 0.61569x10~° 0.87516x 108 0.23055x10~°
50.0 0.27898 % 10~* 0.28075% 10~ 0.20601x 108 0.276 50 10~ 1°
60.0 0.13074x10~* 0.66907x10~7 0.19622%10~° 0.82026x 1012
70.0 0.68839x10~3 0.19039% 1077 0.21296x 1010 0.21135x 1071
80.0 0.38032%x10~° 0.53058% 108 0.28575x 10~ 0.164 64 10~
90.0 0.23853x 1073 0.16797x 108 0.36045x 1012 0.658 861016
100.0 0.14822x 1073 0.64901x10° 0.56400x 1013 0.29368x 10~"7
0.5% of the TH ones,? which demonstrates the efficiency VI. Ar-Ne MIXTURES
of the much shorter BM code. Obviously, Ar'’*-H*
mixtures display very similar trends. Thus we do not need With a heavy-ion fusion perspective, we think it rather

to detail here the corresponding data. instructive to move to Ar!’*-Ne’* mixtures in various



29 LOW-FREQUENCY ELECTRIC MICROFIELD IN DENSE AND. .. 889

T T T T T | T
0.8/~ LOW-FREQUENCY (A1'%*-AI'"*) COMPONENT -
AT A CHARGED POINT Z,

Z3 =10

=0
0.6 P —

HP | ) _

V=02
(2)V=0.4 —
3)V=06
@vVv-=0.38

04—

0.2

FIG. 5. Low-frequency H (B) in a pure Al'®* phase.

relative proportions, and compute the distributions H ()
at a Ne’t and Ar!"* emitter, respectively. Table VI to-
gether with Fig. 9, display the given H () at a Z, charge
for ¥=0.2 and p =0.5, so that everything else remains
unchanged; the charge of the tagged emitter is seen to play
an important role, especially at the peak values (Fig. 9).
As before the asymptotic H(B) with f>5 are deduced
from the nearest-neighbor approximation (NNA) worked
out in Sec. VII. The present results together with those
obtained in the preceding section show us that the low-
frequency microfield distributions are mostly dependent
on A and Z, in BIM.

VII. H(B) WITH LARGE-B VALUES

The BM scheme worked out successfully in Sec. II is
mostly accurate in the 0 <8 <4.5 range (first column of
the calculated data). In contradistinction to the neutral-
or single-ionized emitter, the large Z, >>1 considered here
precludes any smooth asymptotic extrapolation for 8> 5.
The usual standard techniques would produce too many
spurious oscillations. This explains why one has to switch
gear toward other numerical procedures based on the
NNA.

A. Nearest-neighbor approximation

For this purpose, let us consider a sphere located at the
origin (emitter). The probability of finding a given parti-
cle between O and 7 is then

p(r+p'(r=1, (55)

where p’(r) denotes a probability for finding no particles
between 0 and r. It obviously fulfills

T T T T T T T
0.4 —
LOW-FREQUENCY (Ne®*-H*) COMPONENT

Za= 9
Zp=1
0.3 v v -0z —
2)
0.2 M p=00 V3 (a) .
¥, (a) @ p-05 V3 (a
® p-05 W (ax10°
@ p-05 ¥3Pax10
01 @) —
(4)
0 ] ] | ] ] 1

a 6 8

FIG. 6. yy(a) [Eq. (52)] plotted for ¥ =0.2 and a Ne°+-H*
mixture.

p'(r +dr)=p’(r)p'(dr) . (56)

Denoting again as p dr the probability of finding a par-
ticle between r and r +dr, which obeys

p'ldr)+pdr=1, (57)
and
p'(r+dr)=p'(r)(1—pdr),
so that
p'(r)=exp [-—forpdr’] ,
where p’(r =0)=1, one finally obtains
p(r)=1—exp [—forpdr’] . (59)

From the last two equations, one deduces immediately
(dp +dp'=0)
- f Orp dar’ ] .

Therefore, the probability for finding a B value at the
origin is equal to the probability of finding a charged par-
ticle located at » from the origin, so that

(58)

dp =p drexp (60)

H(B)dB=dp . (61)
In order to continue further, let us notice that
2
pdr =N4T;/r g,(r)dr , (62)
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TABLE IV. Low-frequency H(B) in a Ne’*-H* mixture (¥ =0.2) at a neon point for various pro-

B. HELD, C. DEUTSCH, AND M.-M. GOMBERT

portions.
B 1.0 0.5 0.0
0.1 0.83316x 1072 0.24655x 1072 0.22037x 102
0.2 0.32549x 107! 0.97584 1072 0.87289x 102
0.3 0.70432x 10! 0.21575x 10! 0.19323x 107!
0.4 0.11861 0.37432x 107! 0.33583x 10!
0.5 0.17301 0.56693x 10! 0.50975 x 10!
0.6 0.229 35 0.78610x 10! 0.708 68 10!
0.7 0.283 62 0.102 37 0.92567x 10!
0.8 0.33241 0.127 12 0.11535
0.9 0.37323 0.15205 0.148 49
1.0 0.404 54 0.176 37 0.16130
1.1 0.42573 0.19942 0.18318
1.2 0.43700 0.22061 0.203 59
1.3 0.439 17 0.23949 0.22209
14 0.43347 0.25574 0.23835
1.5 0.42133 0.269 14 0.25214
1.6 0.404 25 0.279 62 0.263 35
1.7 0.38363 0.28719 0.27193
1.8 0.36075 0.29194 0.27795
1.9 0.336 68 0.29406 0.28152
2.0 0.31228 0.29376 0.28279
2.5 0.203 00 0.265 36 0.26270
3.0 0.12893 0.21540 0.21913
3.5 0.84268x 10! 0.16519 0.17222
4.0 0.56919x 10! 0.12269 0.13048
4.5 0.39992% 10! 0.88596 10! 0.95710x 10!
5.0 0.29348x 10! 0.61941x 10! 0.67763x 10!
6.0 0.16968x 10! 0.34247x 107! 0.37551x 107!
7.0 0.10648< 10! 0.20761x 10! 0.227 64 10!
8.0 0.71166x 10~2 0.13405x 10! 0.14530x 10!
9.0 0.50049x 102 0.92128% 102 0.98717x 1072
10.0 0.36308 %102 0.65092 1072 0.69581x 102
12.0 0.20169x 102 0.36580x 1072 0.389 641072
14.0 0.13367 %1072 0.23284x 1072 0.247 54X 102
16.0 0.93305% 1073 0.16101 102 0.17115x 1072
18.0 0.67982x 1073 0.11343x 102 0.12036x 102
20.0 0.49713x1073 0.78017x 1073 0.82477x 1073
22.0 0.38536% 103 0.606 63 103 0.64162x 1073
24.0 0.30281x1073 0.44346x 103 0.46671x 1073
26.0 0.24210x 1073 0.35455x 1073 0.37323x 1073
28.0 0.19732x 1073 0.26604 < 103 0.27831x 1073
30.0 0.16446x 1073 0.208 821073 0.21738x 103
35.0 0.10462x 1073 0.12349x 103 0.12774x 103
40.0 0.71116x 10~* 0.74807x 10~ 0.76507x10~*
45.0 0.506 58 10~* 0.505 18 10~* 0.51373x10~*
50.0 0.36723x10~* 0.33261x10~* 0.33437x10~*
60.0 0.21744x10~* 0.17425x10~* 0.17229x 104
70.0 0.14123x10~* 0.10423x 10~ 0.10117x10~*
80.0 0.93117x1073 0.66251x 1073 0.64316x 103
90.0 0.62777x10~° 0.408 83 10~ 0.39072x 103
100.0 0.46449x 1073 0.24753%x 103 0.22667x 103

in a medium containing N particles. Introducing

pdr =4mr’ng(r)dr, n=

in Eq. (60) yields

N

(63)

dP =4mr?ng (r)dr exp [— f41rr'2ng(r’)dr’ ,

(64)

when B>>1, the nearest neighbor is very close to the

emitter, and
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FIG. 7. Low-frequency H(B) in Ne’*-H* mixtures in vari-
ous proportions. Weak coupling (¥ =0.2).

f 0’417r’2ng2( rdr'<«<1, (65)
while (n =N /V)
dP ~4mring (r)dr . (66)

Recalling that ¥V =ro/Ap, and x =r/Ap, while setting
&=r/ry and altogether collecting Eqgs. (61) and (64), one
gets

15 n
H(BdB=——— T o0&
(Bldp=—= 7 g XEdE
£ 15 o
Xexp |— [ oo —:eg(X EXE | (67)

which will be discussed later on.

B. High frequency

Recalling that Eq=e/r3 and B=E /E,, one also ob-
tains B=1/£%. Introducing n =n,, Eq. (67) specializes to

15
=———2g(X)&
HB= 1 omnsXE
§ 15 Y- ’
xexp |— [ SR8 X628 (68)
with the large B(§—0) limit
15 1
H(B)~ o S8 0 577 (69)

@
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FIG. 8. Low-frequency H(B) in Ne’*-H* mixtures in vari-
ous proportions. Strong coupling (¥ =0.8).
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FIG. 9. Low-frequency H(B) in Ar'7*-Ne’+ mixtures for
¥V =0.2 and p =0.5. Emitter charge (Z,) effect.
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Therefore, at a neutral point [g(X)=1] one gets

H(B)~

TABLE V. Low-frequency H(B) at a Ne’* charge in a strongly correlated Ne’*-H* mixture

B. HELD, C. DEUTSCH, AND M.-M. GOMBERT

(V=0.8).
P

B 1.0 0.5 0.0

0.1 0.94722% 10! 0.70390x 10! 0.75533x 10!

0.2 0.33160 0.21867 0.22295

0.3 0.606 08 0.35919 0.35283

0.4 0.826 15 0.45832 0.43976

0.5 0.95018 0.51497 0.487 64

0.6 0.980 69 0.53779 0.506 34

0.7 0.94111 0.53679 0.505 16

0.8 0.85796 0.52111 0.491 60

0.9 0.753 19 0.49721 0.47078

1.0 0.642 94 0.468 69 0.445 80

1.1 0.538 17 0.43793 0.41870

1.2 0.445 30 0.407 14 0.39209

1.3 0.36677 0.37635 0.36500

1.4 0.301 86 0.34501 0.33592

1.5 0.24809 0.31497 0.30753

1.6 0.202 1 0.28895 0.28377

1.7 0.163 74 0.267 40 0.265 34

1.8 0.13041 0.24853 0.249 61

1.9 0.10292 0.23057 0.23392

2.0 0.81637x 10! 0.21269 0.217 14

2.5 0.34063 10! 0.137 64 0.144 83

3.0 0.15758x 10! 0.94379x 10! 0.99970 % 10!

3.5 0.83144x 1072 0.686 62 10! 0.72642x 10!

4.0 0.46222% 1072 0.49528% 10! 0.52465x% 10!

45 0.26628% 102 0.34422 % 10! 0.39431x 10!

5.0 0.16315x 102 0.23582x 10! 0.29427% 10!

6.0 0.68332x 1073 0.10830% 10! 0.14277x 10!

7.0 0.32155x 1073 0.54608 102 0.707 55102

8.0 0.16683x 103 0.28992x 102 0.36921x 102

9.0 0.90031x10~* 0.15290x 102 0.20040% 102
10.0 0.56077x10~* 0.85114x 103 0.11548% 102
12.0 0.21130x10~* 0.28275x 103 0.38723x 1073
14.0 0.85974x 103 0.99712x 104 0.14041x 103
16.0 0.39927x 103 0.38494x10~* 0.55311x10~*
18.0 0.19036 103 0.15082x 10~ 0.22000x 10~*
20.0 0.949 50 106 0.60523% 1073 0.88966 10~
22.0 0.506 14 106 0.25761x 1073 0.37804x10°
24.0 0.27499% 10~¢ 0.11215x 103 0.16276x 1073
26.0 0.15371x10~° 0.492 65 10~¢ 0.695 64 10~°
28.0 0.89311x 1077 0.23026 %10~ 0.31204x10~°
30.0 0.54531x 1077 0.10917x 10~ 0.13683x10~°
35.0 0.15366 %1077 0.203 65107 0.19947x 107
40.0 0.496 61 10~% 0.49021x 103 0.31830x 10~
45.0 0.199 68 108 0.16248x 108 0.54801%10~°
50.0 0.73444x10~° 0.56145x10~° 0.10307x10~°
60.0 0.13397x10° 0.99216x 10710 0.39383x 10~ !!
70.0 0.25824 1010 0.19531x 1010 0.168 461012
80.0 0.69937x 101! 0.54075x 10~ 0.92374x 101
90.0 0.16231x 10~ 1 0.128 66 10~ 0.60978 X 10~ 1*

100.0 0.51140x 10~ 12 0.41282x10~12 0.399 74 1016

15 1

4(2,”.)1/2 BS/Z ’

(70)

while at a single charged one (g (X)=exp[ —A.(e ~*/X)])

H(B)~

Xexp | —

15

1

4( 2,n.)1/2 35/2

15

2(2#)1/2 Vzﬁl/ze _V/ﬂl/z

b

(71)
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TABLE VI. Low-frequency H (B) in Ar'’+-Ne’* mixtures with ¥ =0.2 and p =0.5.

B H(B) B H(B) B H(p)
Tagged emitter Ne+
0 0.0 2.0 0.23998 12.0 0.53063 %102
0.1 0.249 62 1072 2.1 0.24373 14.0 0.33033x 102
0.2 0.59384x 102 2.2 0.24593 16.0 0.21677x 1072
0.3 0.13190x 10! 2.3 0.246 69 18.0 0.14824 1072
0.4 0.23029x 10! 2.4 0.24611 20.0 0.10481x 1072
0.5 0.35163% 10! 2.5 0.244 33 22.0 0.76153 %1073
0.6 0.49237x 10! 2.6 0.24149 24.0 0.566 171073
0.7 0.648 54 10! 2.7 0.23771 26.0 0.42924x% 103
0.8 0.81588 10! 2.8 0.23313 28.0 0.33095x 103
0.9 0.99006 10! 29 0.227 86 30.0 0.25895x 1073
1.0 0.116 68 3.0 0.22203 35.0 0.14793x 103
1.1 0.13420 35 0.18779 40.0 0.89847x10~*
1.2 0.15120 4.0 0.15122 45.0 0.57241x10~*
1.3 0.16735 4.5 0.11709 50.0 0.37896x 10~*
1.4 0.18237 5.0 0.87568x 10! 60.0 0.18170x 10~*
1.5 0.196 04 6.0 0.50119x 10! 70.0 0.95448%10~°
1.6 0.208 19 7.0 0.30200x 10! 80.0 0.53701x 103
1.7 0.218 69 8.0 0.19498x 10! 90.0 0.31880% 1073
1.8 0.22750 9.0 0.13335x 10! 100.0 0.19763x 103
1.9 0.23459 10.0 0.92398% 102
Tagged emitter Ar!’*
0 0.0 2.0 0.274 16 12.0 0.29289% 1072
0.1 0.17887x 102 2.1 0.27723 14.0 0.166 46 10~2
0.2 0.709 67 102 2.2 0.27846 16.0 0.10022x% 1072
0.3 0.15753x 10! 2.3 0.27801 18.0 0.63149% 103
0.4 0.27482% 10! 24 0.27603 20.0 0.41285x1073
0.5 0.41918x 10! 2.5 0.27270 22.0 0.27829x 1073
0.6 0.58620x 10! 2.6 0.268 19 24.0 0.19249x 1073
0.7 0.77094 % 10! 2.7 0.262 66 26.0 0.13613x10~?
0.8 0.968 16 10! 2.8 0.25628 28.0 0.98136x10~*
0.9 0.11725 2.9 0.24921 30.0 0.71949x 10~*
1.0 0.137 88 3.0 0.24157 35.0 0.35225x10~*
1.1 0.15820 3.5 0.19898 40.0 0.18525x10~*
1.2 0.17776 4.0 0.15570 45.0 0.10308x 10~*
1.3 0.196 19 4.5 0.116 19 50.0 0.60058%10~°
1.4 0.21313 5.0 0.82262x 10! 60.0 0.22727x10~°
1.5 0.228 35 6.0 0.398 11 10! 70.0 0.96240x 10~¢
1.6 0.24165 7.0 0.20893% 10! 80.0 0.44358x10~°
1.7 0.25291 8.0 0.12589x 10! 90.0 0.21887x10~°
1.8 0.26207 9.0 0.83176x 102 100.0 0.11412x10°
1.9 0.269 14 10.0 0.55588x 102
in terms of which reduces to
172
Ae — 2(2’1)75) V3 s s
Hp~—2 15 (68")
Equation (71) yields Eq. (70) in the ¥'—0 limit. 4Q2m) % ne Z

C. Low frequency at a neutral point, while at a charged point Z,, with

Now the ion microfield is screened by the background _RX
electrons so that B=(Z/&*)N1+£&V)e %Y. The corre- g:2(X)=exp —Z,,Z,,Aee— ,
sponding asymptotic H (B) (§—0) thus is written X
15 3 &v one gets
Hp~—— B L ¢ g(X)  (68)
42m)\2 n, £y H(B)=H o (B)+H,(B) , (68"

-
with
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FIG. 10 Asymptotic (large 8) H(B) in Ne’*-H* mixtures Wil | ! ]
0 20 40

with any proportions. Weak coupling case.
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FIG. 11. Asymptotic (large B) in Ne’+-H* mixtures with any
proportions. Strong coupling cases.

15 n 5 &V
Hab(é)z—ﬁ -2 ‘g— ¢
42m)'? n, Z, £v?
1+EV+ 2
X exp 22m)'\ 2, e REY
—7 a2 > 172 —REV
> ] X exp ——————2(2;15) V2Z,Z, < E ,
where where
Z
Z, , =2 (1+&Ne~* . (69b)
b= (1+&V)e 5", (69a) &
In the B— oo limit, for 0<¥V <0.8 (£V <«<1), the
asymptotic low-frequency distribution in a BIM is finally
and also deduced from Eq. (68""’) and
L
15 (1—p) 1 1
H,(B)~
a B 4(271)1/2 Za +p(zb _Za) Za ﬁ V2 572
z, "2
172
1/2 V2 RV ,
X exp —2—(2%7-5)—-VZZ.,2 Z£+_2— l exp | — 7z || > (709

‘_B_zi

z, T2
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15 p 1 1
Hy,,(B)~ p—
(B 42m)\? Zo+p(Zy—2,) Zy [ g p2 |77
Z, 2
172
22m)2 BV RV
Xexp | ——-——V?Z,Z, | =—+—| exp|— 7z | | - (70”)
15 Uz, " 2 B +V?
Z, 2

D. Numerical results

Equations (70’) and (70"”) have already been used to compute the low frequency H (8)’s in Tables I-IV for B> 5.

The most salient feature of the present asymptotic calculations is afforded by the equal proportion curve p =0.5
switching over from p =0 at weak coupling (Fig. 10 with ¥ =0.2) to p =1 at large coupling (Fig. 11 with V' =0.8). This
versatile behavior is mostly based on the observation that a large Z, emitter will tend to repel other Z, perturbers, so
that lighter ones (protons) will get closer to it.

A last interesting result concerns the extreme asymptotic limit

B V2

Z. >>—2-‘ , (72)

with
172 /g1/2
. RVZ}2/BY/

~

b

where Egs. (70’) and (70”) boil down to (8> 100)

15 1—p z;” 22m)172
H(B)~ _ 3220172
B 4(277)1/2 Za +p(Zb_Za) ] BS/Z €X| 15 Za | 4 B
372
z, 202m)\2 5
x 114+ |—2— 3/2 201/2
+ l—p || Z, ‘ 15 Za |1 Z17 VB (73)
so that
H(B)~H(B);_g for Z,<2Z,
and
H(B)~H(B)y_p for Z,>2Z, .
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