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Abstract. A method of calculation of inhomogeneity microfield tensors in Debye plasma, using the Mayer-
Mayer cluster expansion, is presented. The octupole inhomogeneity tensor of the ion microfield at a neutral
emitter has been calculated for the first time. The quadrupole inhomogeneity tensor of the ion microfield
at a neutral emitter has been recalculated. We have performed numerical calculations for plasma consisting

of atoms, electrons and singly or doubly charged ions.

PACS. 52.20.-j Elementary processes in plasmas — 52.25.-b Plasma properties — 32.70.Jz Line shapes,

widths, and shifts

1 Introduction

The main source of asymmetry of the hydrogen spectral
line shapes formed in plasma is the inhomogeneity of the
ion microfield. Kudrin and Sholin [1,2] noticed the fact
for the first time. They considered this problem in the
nearest neighbour approximation. In the Holtsmark ap-
proximation, in order to describe the gradient of the lo-
cal ion microfield, Demura and Sholin [3] adapted the
Chandrasekhar and von Neumann function B(3), which
originally was introduced in [4] for the description of the
gravitational field produced by groups of stars. The gra-
dients of microfield strength in plasma, with the inclusion
of screening effects characteristic of plasma, was calcu-
lated in papers [5,6]. However in papers [7—13] the screen-
ing and the ion-ion correlation effects were taken into ac-
count simultaneously. As regards the importance in the
line-asymmetry formation, the second great part is played
by the quadratic Stark effect, for which correction to the
energy eigenvalues of the emitter in plasma is proportional
to Ry 4 where Ry is the mean ions-perturbers distance.
References [2,14] show that the second order correction in
the perturbation theory (PT) for the quadrupole interac-
tion and the first order correction in PT for the octupole
interaction are proportional to Ry 4. For this reason, to
obtain correct description of the profile asymmetry of the
hydrogen and hydrogen-like ion, the Hamiltonian of the
emitter, immersed in plasma, should also include the oc-
tupole interactions.

The main aim of the present paper is calculation of

the inhomogeneity of the octupole tensor Ez(flz for the ion
microfield in plasma at the position of a typical atom. In
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all experiments, in which the hydrogen lines profiles were
investigated (see e.g. [15] including an extensive list of
references), the plasma parameter (see Eq. (4)) was I' <
0.25. Plasmas consisted of singly charged ions (and — at
the very most — doubly charged ions) and electrons. For
such Debye plasmas the approximation proposed by Mozer
and Baranger in [16] is accurate enough for calculation
of the microfield distribution function W, (53) as well as
the quadrupole Ez(f) and the octupole Ez(;’,z inhomogeneity
tensors.

In experiment [17], for electron density N. ~
10" ¢cm™3, the plasma consisted of almost solely He®™
ions. We again calculated the inhomogeneity quadrupole

tensor EZ(J2 ), because (i) there are no numerical values of
the tensor for such plasma as that in the experiment [17],
and (ii) numerical results of the tensor for singly ionized
plasma published in [7,9b], are differ slightly from one

another.

2 Emitter-plasma interaction

The Hamiltonian of a typical emitter immersed in plasma
can be described as follows:
H:H()+Uae+Uee+Uai+Uii+Uiev (1)
where U is the Coulomb interaction indexed by a for the
emitter, 4 for ions, and e for electrons. The interaction be-
tween the neutrals, i.e., atoms, is neglected. Interaction U
varies with time. The relaxation time measure of the ionic
microfield component in plasma is ©; ~ F;/F; ~ v;/R;,
where v; is the mean thermal velocity of ions, while R; is
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the mean distance between them, resulting from the rela-
tionship (47/3)R3N; = 1, where N; is ions density. Sim-
ilarly, for the electronic microfield component the relax-
ation time is 7, & v./R.. These times fulfill the following
relation

Te K At < 15, (2)

which allows us, via the Poisson equation,

v2¢a(r) = 747T€Ne(1 - exp(e¢a(r)/kT))
—4dnZaed(r — Ry)  (3)

to calculate the potential (averaged in time At) produced
at the point r by the statistical a-th ion at position R,
in the sea of free electrons. If the plasma parameter I’
satisfies the relation, e.g. [18],

= (e /hnT = 200 <1, (1)

where kp is the Boltzmann constant, T is temperature,
Z e is the electric charge of the perturbing ion, a = Ry/D
is the screening parameter with D = /kT/(4mwe2N,) the
electronic Debye length, and Ry — the distance defined by
the relationship (4/15)(27)%/2R3N. = 1 (see, e.g., [16]),
we obtain the Debye potential:

Zye
Pa(r) = TRy exp(—[r — Ra|/D). (5)

In the case of strongly coupled plasmas, i.e. when the
plasma parameter does not fulfill the relation given by
equation (4), the potential ¢, (r) resulting from equa-
tion (3), is an even shorter-range potential than the Debye
one.

In this way, for weakly-coupled plasmas (I < 1), the
sum

UL = Uy + U, (6)

is well approximated by the effective interaction emitter-
ions, when the Debye-screened potential for ions is used:

o) = Y o en(—k = Ral/D). (7

In our paper [19] we showed that the sum of the interac-
tions

U;é‘j‘ = Uae + Ue€7 (8)

is well approximated by the effective interaction described
by the Coulomb potential for electrons cut-off at the dis-
tance equal to the electronic Debye length. Then the
Hamiltonian can be written as follows

H=Hy+ UL + UL, (9)
with the assumption that the ion-ion correlation (caused
by the Uj; interaction) is included in the statistics of quan-

tity U
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2.1 The multipole expansion

The multipole expansion of the potential produced by
(pseudo) ions in the neighbourhood of point r =0 is
given by

1 2 1 3
¢(r)=¢-—r E- 6 ZcijEi(j) ~ 30 ZcijkEi(jlz
ij ijk

1 1
+ET2V-E+—r2r-V(V-E)+--- (10)

10
The first four terms are the monopole, dipole, quadrupole,
and the octupole ones, respectively. The fifth term is con-
nected with the quadrupole term and the sixth term —
with the octupole term. The quantities: ¢;; = 3x;x; 77"251-]-
and ¢ = brizjzg — r*(xid, + 20 + b)) are the
quadrupole and the octupole tensors, whereas:

— the electric potential

¢ =¢(0) = > Zaeexp(—Ra/D)/Ra,  (11)

— the electric field
E= 7V¢(r)|r=0
= Zae(1+ Ra/D) exp(—Ra/D)Ra/RE, (12)

E](f)) and of trace-

0) inhomogeneous electric field

— the symmetrical (Ez(f)

less (Tr{Ei(jQ)} =
quadrupole tensor

E®@ _ (% — %%V . E)

A 1
§ =T SENCEY

r=0

— the symmetrical

3) (3) (3) (3) (3) (3)
(Eijk =Lk = By = By = Bjjy = Eikj)

and of “traceless” (3_,; Effﬁ% =0 for k = 1,2,3)
inhomogeneous electric field octupole tensor

2
ik <0xj6xk 5 | Ox; (r)?;
+ iV E(r)d; + iv E(r)d;; (14)
z; * D ) sy
— the divergence of the electric field
¢(0
V-E=V-E(r)|,_,=- 52) + 47TZZa65(Ra),
(e}
(15)
— and the gradient of the divergence of the electric field
V(V-E) =V(V-E(r))],—, (16)
are calculated in point r = 0. From the symmetry

property it follows results that the quadrupole tensor
has five independent components: Fyp, Fyy, Fyzy By,
E.., whereas the octupole tensor has seven indepen-
dent Components: Ea:a:ya Ezzz; Ea:yya Ezyza Ea:zza Eyzza
EZZZ'
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The divergence V - E requires a supplementary comment.
In paper [7], in the multipole expansion, the term pro-
portional to the divergence was neglected as a small one
in comparison with the quadrupole term. Justification
of such a treatment of this term was given by calcula-
tion in [20]. In paper [20], we showed that divergence
V-E(f3), as a function of the field strength in reduced scale

= F/Fy (where Fy is the so-called Holtsmark field),
is piecewise positive or negative in such a way that the
mean value of the divergence fooo V- E(B)W,(6)dS = 0,
is equal to zero. This result is not surprising, because the
total charge of plasma is equal to zero. On the contrary,
in paper [6] it was emphasized that the term proportional
to the divergence has a significant influence on the line
shapes formed in plasma. Such disagreement in estima-
tion of the importance of that term is caused by the fact
that in [6] only the electronic component of the divergence
was calculated, whereas the ionic contribution was omit-
ted. Such an incomplete calculation was presented in [9]
as well as in all the earlier papers of the authors cited in it.
Similarly, an incomplete calculation was performed in pa-
per [13], corrected (by introduction of an additional term,
taken ad hoc, by no means resulting from the multipole
expansion) in order to get the mean value of charge den-
sity equal to zero. After such a correction results [13] are
formally correct. We would like to notice that all the cal-
culations mentioned above were performed for the exactly
neutral point. Actually, even the neutral emitter interact-
ing with free electrons causes some modification of the
distribution of electron sea charge density. In our opinion,
at the point r = 0 and in its near neighbourhood this den-
sity is equal to zero, because the (free electron)—(atomic
nucleus) distance cannot be arbitrarily small. (About in-
teractions in plasma at small interparticle distance — see
e.g. [21]). Then, of course, the divergence of the microfield
is equal to zero also, V - E = 0. Ions also cannot locate
by themselves arbitrarily close to the point r = 0. For ex-
ample, the approach of an ion to the atom down to a
distance smaller than about 3n%ag (double the Bohr ra-
dius) causes ionization of the atom, so it stops being the
neutral emitter. This ionization effect can be taken into
account by introduction of a critical maximum value (.
for the distribution W, (). However, in the case of elec-
trons it is difficult to precisely determine the reference
volume at point r = 0, i.e. volume free from the electric
charge. We can estimate the influence of this volume on
the resultant value of the plasma-emitter interaction en-
ergy. Let us assume that the emitter is located in a cavity
of the spherical shape and of the radius R, at the center in
point r = 0; inside the sphere the density of plasma elec-
tric charge equals zero. We consider only such cases when
the nearest ion-emitter distance is greater than R, (wide
ionization problem). Then, we can calculate the resultant
potential ¢’ (r)as a difference between the potential ¢(r)
and the potential ¢*(r) produced by the sphere of radius
R, and of density equal to the electron sea charge density:

—¢°(r). (17)
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The potential ¢*(r) produced by the sphere can be calcu-
lated from the Poisson-Laplace equation

é(r)/D?, for
0, for

r < Ry,

r> R,. (18)

Vi) - {
First of all, we are interested in the strength of the elec-
tric field in the vicinity of the point r = 0, which is con-
venient to calculate using — in the above equation — the
multipole expansion for the potential ¢(r) given by equa-
tion (10). In such a case the potential satisfying the above
Poisson-Laplace equation is as follows

@°(r) = —%52(;5—1— -E+ —SQZCU

1 1
+ r2V E+—r’r-V(V-

10 )+...’

(19)
where s = Rs/D. Finally, the multipole expansion of the
emitter-perturbing (pseudo) ions interaction is given by

1 1
U;ﬁ=(2—1)e(1+532)¢—(1+632)d-E

1 2)
"6 (1 " 10° ) ZQ”E(
1 2) 3" 0,8 +

30 ij ’L]k

ijk
The quantities: d = —er is the dipole moment, Q;; =
—ec;; and O, = —ecj, are the quadrupole and the
octupole moment tensors of the emitter; whereas Ze
is a charge of the emitter. So, using symmetry of the
quadrupole @;; and for the octupole O,j;, tensors, which
are the same as corresponding symmetry of the inhomo-

(20)

geneous electric field quadrupole Ez(f ) and octupole Ez(] ,2
tensors, the sums in equation (20) can be written as fol-

lows:

Z QuES = (2Qus + Q22) B2 + (Quo +2Q..)EY)
+2Quy BS) +2Q.. B +2Q,.E?, (21)
and
3
Z OwkEz(le 4033951/ + OyZZ) ;cac)y
ijk
(6058902 + 30222) ;cacz (4O:ny + OJCZZ) ay)y
(22)
Moreover, we want to observe that the interaction

(Eq. (20)) contains no terms proportional to the diver-
gence of the electric microfield strength, in contrast with
equation (10). The significance of the new terms propor-
tional to s? is very small. We are not able to precise define
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the value of R, but even if we assume that the radius of
the sphere not containing a free plasma charge (reference
volume) equals the classical atom radius Rs = 3/2n2%ay,
then the resulting contribution of that reference volume to
the resulting interaction energy U ae{f is negligible as well
anyway.

3 Distribution functions of microfield
inhomogeneity tensors

In order to describe mathematical formulas in a compact
form it is convenient to introduce, similarly as in refer-
ence [7], a formal vector G, which represents the indepen-
dent components of the inhomogeneity microfield tensor.
For the description of the quadrupole inhomogeneity ten-
sor we have introduced a five-dimensial vector

G® =G} = (Ewe, Buy, Boz, By, B2}, (23)
however for the octupole inhomogeneity tensor a seven-
dimensial vector is needed

ca® — {GE?)}

= {Ezzy; Ea:a:z; Ea:yyv Ezyzv Ezzz; Eyzz; Ezzz} (24)
(Any tensor G can be described similarly.) Then the
joint probability distribution function for the microfield
strength E and the microfield inhomogeneity tensor is
given by [7]

1 m
W(E;G):W/dgkd g

x exp{—i[k-E+ o G]}F(k,0), (25)
where m = 1,4, is the dimension of the vector G. In the
case of the plasma containing ions of one kind only (i.e.
go = Zpe = const) with density N, the Fourier transform
has the form

o l

F(k,o0) = exp{z ];['phl(k 0)}

=1

(26)

The function h;(k, o) corresponds to the increasing orders
in the cluster expansion method [22,16]. The general ex-
pression for a function of /th order is

hz(k70)=/so1<p2---soz

Xgl(RlaRQa"' 7Rl)dR1dR2"' 7dea (27)
with

va =explik-Eqy+0-Gy)]—1 (28)

where ¢g; is the Fbody correlation function depending on
the configuration of [/ ions located at Rq, Ro, - - -, Ry.

For calculations of the line profiles, the average of
the microfield inhomogeneity tensor (G)g alone is suffi-
cient [3-11,13], because contributions of the quadrupole,
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octupole and higher order terms to the line profile, are
considerably lesser than the contribution from the dipole
term. They are defined by

(Gr)g = / d"GG,W(B,G)/W(E)  (29)
and can be calculated [4] from
W(E)(Gn)E =
d*kexp(~k - E) [0F(k,0)/00,],_o- (30)

83

For small |0, |, the Fourier transform has the series expan-
sion

F(k,0) ~ FO(k, o) Z K)o, (31)
where
(k) = FO(k 3 N’l’h 32
F o
with
hin(k) = [0hi(k,0)/00n],_q - (33)

The function F(® (k) is the Fourier transform of the mi-
crofield distribution function W(E) given by

F(O)(k) = exp {i ];:l hl(O)( )}

=1

(34)

with hl(o) (k) = hi(k,0), whereas the microfield distribu-
tion function is:
kexp(—ik - E)F© (k).

W (E) = (21 (35)

In reference [23] it was showed that in the case when the
Debye potential is valid — a plasma model is internally
coherent- when the group expansion terms are taken into
account up to the two-body (pseudo)ion-ion correlations
term. Therefore, in equations (26), (32), and (34) the ex-
pansions can be limited to the first two terms only. Then
the derivate of the Fourier transform can be written

—Nghg,n(k)] FO (k)
(36)

[0F (k,0)/003],_¢ = [Nphlm(k) +

with
1
FO (k) = exp [N,,hg‘” (k) + §N§h;0> (k)] . (3

The functions h(k) resulting from equation (27) can be
written as follows:

— one-body functions
w0 k) = / g1(Ry) [exp(ik - Eq) — 1] d*Ry
and

hin(k) = i/gl(Rl)GLn exp(ik - Bq)d®Ry;
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— two-body functions

B (k) = / 02(Ry, Ry) [exp(ik - Ey) — 1]

x [exp(ik - Eg) — 1] d*Ryd® Ry (40)

and

hg,n(k) = i/dBRldBRQQQ(Rl, RQ)GLn exp(ik . El)

x [exp(ik - Eg) — 1]G3 p, exp(ik - Eg)
x [exp(ik - E1) — 1]. (41)
In the case of the quasi-neutral plasma consisting of
atoms, ions with charge Z,e and the density N, and elec-
trons of density N, the one-body correlation function at
a neutral point (for a H-atom) is g1 = 1, whereas the

two-body correlation function is given by the expression,
cf. [7,16,24],

2(2m)1/?

2 zexp (—|Ry *R2|/Dp)
15 ¢

R; —Ro|/D

g2 = — (42)

where D, = D/\/1 + Z, is the plasma Debye length.

In spherical coordinates (R, 6, and ), the ionic mi-
crofield strength E and the components of the inhomo-

geneity tensors Ga n, can be written as follows:

E, = —E(Ra)Ra/Ra, (43)
Gg,)n _G(t) (Ra)Agzt) (eou (Poz)- (44)

The quantity E(R,) is the radial contribution to the
field given by equation (12). The radial contribution to
the quadrupole inhomogeneity tensor described by equa-
tion (13) is

Zpe
a) = F

(e%

G (R [1+4 Ra/D + (Ra/D)?/3] exp(—Ra/D),

(45)
while the five components depending on angles are as fol-
lows:

V6 e

AR = = (C3+ C2y) = CF, Al = —i=-(C5 = C2y),
A = f@c% -2, A= f(@ +C2y),

where C! ( = /47 /(2L + 1)Y1,n (0, ¢). The radial con-

trlbutlon to the octupole 1nhom0genelty tensor described
by equation (14) is

Z 2
J1 [1+43Ra/D +6(Ra/D)

«

G®(R,) = +(Ra/D)?/5]

x exp(—Rq /D), (47)
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while the seven components depending on angles are as
follows:

%

AB) = 5 (C3 4 C3, —V15(C5 + C2,)),

AG. = @ws +C2y) = G,

AG), = ﬂ[c? - C2, 4+ VI5(C3 - C2y)),

A = - r<02 C2y),

A, = f@(cf oty

A =Yy 0y,

AL, =203, (48)

Applying a similar calculation technique as in [16,24] for
calculation of the microfield distribution function, and as
in our earlier papers [7,25] for calculations of the average
microfield gradients — we have introduced also the auxil-
iary functions ¥(v). Then, the contributions of one-body
and two-body clusters in equations (38)—(41), using the
auxiliary functions, can be written:

N, h(O) _ —:c3/2471(0)(v),
§N§h( ) x3/2%(0)(v),
Nohh = =i 7 e PR AD (0. 00),
G = i B (AR B ).
N = T B0 o),
SV = EEAEDAY B0 (49)

The new variables are defined as follows: v = az'/? and
x = kEy, whereas the angles 05 and ¢y, describe the direc-
tion of k vector in the coordinate system xyz. The one-
body auxiliary dipole function

15,

),y — TR
100) = o [ el 60
and the two-body auxiliary dipole function
w0 (v) = (wm/l T Z,08 Y (1) 21+ 1)
X y1:0 dy1y? fyzzo dy2y3
x[ji(ex) = du0llii(e2) = ol fi)(ur) fil(uz) — (51)

are analogous (for Z, = 1 — the same ones) as in pa-
pers [16,24]. The function ji(e) is the Spherical Bessel
Function of order [. The next new variables are defined
as follows:

y= (ke)*l/QR and u = /1 4+ Zyvy, and

e(v,y) =kE(R) = Zpy_2(1 + vy) exp (—vy); (52)
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and functions f;)(u) and, fj{(u), defined according to [24],
are given by

e =t () (2.

s =it = () (5).

For the quadrupole auxiliary functions we have derived
the expressions

and

(54)

v (v) =6 /°° dyy*y® (v, y)ja(€) (55)
0

and

U (0) = 12Z,\/T+ Zyo* 1P (v), (56)

however for the octupole auxiliary functions we have de-
rived the expressions

7 (v) e / dyy*+®) (v, 9)js(€) (57)
and LZ/(3) _ 28 37(3) /.
5 (v)—( )1/2Z L+ Zpo 1,7 (v); (58)
where
0y " 2.y
I /y dy1y1/ Odyzyzv (v,91)
L 0@+ Ditden) ) ()l (o)
=0
< DO @+ 1) (e) (053,110)2]
’=0
) ) fol(un) b, (69
whereas
Y (v,y) = (Zpe) ' (vD)* G (R)
=y [1+vy+ (vy)*/3] exp (—vy), (60)
and
Y (v,y) = (Zpe) M (vD)*GP(R)
Y1+ 30y + 6(vy)® + (vy)®/5] exp (—vy), (61)

while ClO o is the Clebsch-Gordan coefficient.
Fmally, the average of the microfield inhomogeneity
tensors given by equation (29) are as follows:

— for the quadrupole

(B 5

5 Fopega
ij >E (327’(’)1/2 RO (6) ij ( EaSDE)a

(62)
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1.5

\ dipole

0.0 1 1 ‘ LN

Fig. 1. The one-body &T/(O)l and the two-body 10&17(0)2 auxil-
iary dipole functions at a neutral emitter (Z. = 0) versus the
quantity v. The solid lines are obtained for the singly charged
perturbers (Z, = 1), while the dashed lines are obtained for
doubly charged perturbers (Z, = 2). The points represent orig-
inal Mozer-Baranger’s [16] results.

— for the octupole

15 Ey

(B = g5 B (DA, 06),  (63)
where
BO(9) = 262/ Wa(B)

X / dra? [Wl(t) (azt/?) + LTIQ(t) (aml/Q)}
0

x exp { ~a*2 0" (az'/2) — @ (a2"/?)| ju(B) }

(64)
whereas the microfield distribution function is
2 o [T 2
Wa(8) == dxx
™ 0
X exp {—x3/2 [Wfo)(axlﬂ) — LTIQ(O) (aml/Q)} }jo(ﬁx).
(65)

In a particular case, in the coordinate system xz'y’z’ with
E||02', the effective atom-(plasma) ions interaction is
given by the expression:

5 eEO
Uaz ~—-d-E— (32%)1/2 2ROB(2) (ﬂ)(?’z TIQ)
15 ek
-5 2 RgB<3> (B)2' (52”2 — 1) + ... (66)

4 Numerical results

Figures 1, 2, and 3 present the one-body and the two-
body, the dipole, the quadrupole, and the octupole aux-
iliary functions. These results show that ordinates of the
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1.0
qudrupole
0.8 —
~ 0.6 —
2
- & [
o4l T
02 1= P=2
T P Y- A
0.0 l 1 R [ B L I
0 1 2 3 4 5
v

Fig. 2. The one-body w,fi)l and the two-body Wf:g auxiliary
quadrupole functions at a neutral emitter versus the quan-
tity v. The lines have the same meaning as in Figure 1. The
points represent our earlier results [7].

5

L octupole

Fig. 3. The one-body W’Ei)l and the two-body W’E?’:g auxiliary
octupole functions at a neutral emitter versus the quantity v.
The lines have the same meaning as in Figure 1.

two-body function are much lesser than the corresponding
values of the one-body function LTIQ(t) < Lffl(t) in any case.
Such a relation confirms the assumption accepted by us
for Debye plasma, that inclusion of two terms only in the
Mayer-Mayer group expansion (Egs. (36) and (37)) is ac-
curate enough for calculation of the distribution function
W,(8) and inhomogeneity tensors B((lt)(ﬁ). The most im-
portant argument supporting the opinion is presented in
Figure 4, where we find an excellent agreement between
our results and Hooper’s ones [26], which are not lim-
ited by such approximation. We conclude that the discrep-
ancy between Hooper’s function W, () [26] and original
Mozer-Baranger [16] — for the first time reported in refer-
ence [26] — are not caused by differences between models
but by numerical inaccuracies (especially for the function

WQ(O), see Fig. 1) in reference [16].
In Figure 5, the quadrupole function /1,(12)(5) =

W, (ﬁ)B,(f) (8)/ 8 is presented. This function is more suit-
able for a graphical presentation than the quadrupole

inhomogeneity tensor B((f)(ﬁ). (Function AP (B) was de-
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Fig. 4. The electric microfield distribution function W, (03)
at a neutral emitter in the case of singly charged perturbers
as a function of the reduced electric field 3, for several val-

ues of the screening parameter ¢ = 0.0,0.2,0.4,0.6, and
0.8. The solid lines represent our results, the points repre-
sent Hooper’s results [26], whereas the dashed lines represent
Mozer-Baranger’s [16] results.

0.5

quadrupole

04 —
Z.=0
Z,=1
0.3

(2)

Aa(B)

0.2

0.1

0.0

Fig. 5. The quadrupole function A,gQ)(B) at a neutral emit-
ter in the case of singly charged perturbers as a function of
the reduced electric field 3, for several values of the screening
parameter a = 0.0,0.2,0.4,0.6, and 0.8. The solid lines show
results obtained in this paper, while the points represent our
earlier results [7]. The dashed lines indicate the results [9b].

fined by Demura and Sholin in Ref. [3]). Some minimal
differences between our currently obtained values and our
earlier results [7] are caused by a slightly worse numerical
accuracy in [7]. In that paper a smaller number of terms in
sum equation (59) were taken into account, moreover the
terms were ordered in a different way. The disagreement
between our results and those from [9b] is far bigger. It
increases when the screening parameter a increases up to
15% for a = 0.8. Authors in [9b] suggest that a reason
for the discrepancy of their results with [7] is the differ-

ence in the two-body quadrupole auxiliary function WQ(Q),
caused by applying (in [7]) the series expansion of the
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Fig. 6. The two-body quadrupole auxiliary function LPISQZ)Q ver-
sus the quantity v. The numbers near the lines describe the
number of terms taken into account in equation (59).
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Fig. 7. Ratio of the quadrupole function B (8,2, =2) at a
neutral emitter in the case of doubly charged perturbers and
the quadrupole function B,(f)(ﬁ,Zp = 1) at a neutral emit-
ter in the case of singly charged perturbers as a function of
the reduced electric field 3, for several values of the screening
parameter a = 0.0,0.2,0.4,0.6, and 0.8.

two-body correlation function (Eq. (42)). The results of

checking of the series convergence of function LDQ(Q) pre-
sented in Figure 6 contradict this opinion. The first five
terms in sum equation (59) are sufficient to stabilize func-

tion 472(2). Moreover, we note that function AP (8) very
weakly depends on WQ(Q). Even changing the sign of the
last function does not destroy the 15% discrepancy. Func-

tion A,(IQ) (8) depends much more on the two-body dipole

(0)

auxiliary function ¥, . In our opinion, the considered dis-

crepancies can be caused by differences in function LD2(O)
from [9b] and that from [7].

Figure 7 shows the perturber’s charge effect for the
quadrupole inhomogeneity tensor of the ion microfield.
For two quasi-neutral plasmas of identical temperatures
and of identical electron concentrations, but of different
charges of the ion-perturber Z,e — the quadrupole inho-
mogeneity tensor of the ion microfield is the smaller if the
Z, is larger. This happens because for quasi-neutral plas-
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Fig. 8. The octupole function /1,(13)([3) at a neutral emitter
in the case of singly charged perturbers as a function of the
reduced electric field 3, for several values of the screening pa-
rameter a = 0.0,0.2,0.4, 0.6, and 0.8.
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Fig. 9. Ratio of the octupole function B (B, Zp = 2) at aneu-
tral emitter in the case of doubly charged perturbers and the
octupole function Bgs)(ﬁ, Z, = 1) at a neutral emitter in the
case of singly charged perturbers as a function of the reduced

electric field 3, for several values of the screening parameter
a =0.0,0.2,0.4,0.6, and 0.8.

mas the ion density decreases simultaneously. Figures 8
and 9 present the ion octupole inhomogeneity tensors.

The octupole function /1((13)(6) is defined analogously to

the quadrupole function /1,(12) (3). The interpretation is also
similar.

From a comparison of quadrupole function /1,(3) (8) (in
Fig. 5) with octupole function AP (8) (in Fig. 8) it fol-
lows results that the importance of screening characteris-
tic of plasma and correlations effects, represented by the
screening parameter a, increases with the increasing order
of the inhomogeneity tensor ¢. Thus, one can expect that
in strongly-coupled plasmas the importance of the ion mi-
crofield inhomogeneity is relatively larger than in Debye’s
plasmas. In the case of strongly-coupled plasmas such cal-
culation could be also performed using the Mayer-Mayer
cluster expansion if the higher order correction to the pair
correlation are included as in reference [27].
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