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DYNAMICAL PROPERTIES OF DENSE
ONE-COMPONENT PLASMAS WITHIN THE
METHOD OF MOMENTS INTERPOLATION MODEL

Abstract. In this paper we present the results of investigation of dynamic characteristics
of dense one-component plasmas. In order to determine the dynamic structure factors (DSF) of
such systems, the interpolation self-consistent method of moments is employed, within which
the frequency moments are calculated as interpolations of the asymptotic relations for the exact
moments. The advantage of this method is the possibility of using approved fitting ratios for in-
ternal energy, which speeds up the computations. The obtained results, namely, the position, the
height of the DSF are in a good agreement with the computer modelling data in a broad range of
variation of the system parameters. Therefore, the conclusion is made that the interpolation self-
consistent moment method can be used to calculate dynamic structural factors and other dynam-

ic characteristics of a dense nonideal plasma.

Knowledge of DSF, in particular, allows calculating the dispersion of plasma waves, their
dissipation, as well as diagnosing the parameters of the medium under consideration.
Keywords: dense plasma, method of moments, dynamic properties

Introduction

Dense one-component plasmas are good
model systems possessing basic properties of
the working bodies of future inertial-fusion de-
vices. Contemporary methods of diagnostics of
such systems require knowledge of dynamic
characteristics of these Coulomb, though clas-
sical, systems.

Recent computational developments [1]
permit to describe their static correlations in a
quite reliable way. This cannot be said about
the dynamic properties. On the other hand, the
self-consistent approach based on the non-
canonical solutions of the Hamburger moment
problem [2] facilitates a direct relation between
the dynamic and static characteristics of the
above non-perturbative systems under the ex-
treme inertial-fusion conditions.

Here, the results of the simplified interpo-
lation version of the moment approach with re-
spect to the OCP dynamic properties are com-
pared to the simulation data of [3]. Thus, the
robustness of the self-consistent method based
on sum rules and other exact relations, see [4,
5] and references therein, is demonstrated.
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The interpolation self-consistent meth-
od of moments.

Consider the classical one-component
system, which is characterized by a coupling
parameter:

_B(Ze)?
F - a Y (1)

Here B! stands for the temperature in energy
units, Ze designates the ion charge, anda =
(3/4nn)'/3 is the Wigner-Seitz radius with n
being the number density of charged particles.
Plasma is considered to be strongly-
coupled if I'> 1 and is ideal for I' << 1. The up-
per limit of the coupling parameter is deter-
mined by the Wigner crystallization.
The interparticle interaction is described
by the Coulomb potential:
Ze)?
o) = ZL, @
The central characteristic of dynamic
properties of plasmas is the dynamic structure
factor (DSF)S (k, w), a positive frequency func-
tion, which is associated with the dielectric
functione(k, w) (via the classical version of the
fluctuation-dissipation theorem):
Ime(k,w) (2nZe)?p
w B k?

S(k, ). (4)
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Here, the wavenumber k (the system under
consideration is presumed to be uniform) is a
parameter.

Consider five convergent sum rules
which are frequency power moments of the sys-
tem DSF,

1 (o]
5,00 =~ j WSk, w)dow,

v=0,123,4. (5)
All odd-order moments vanish since the DSF is
an even function of frequency in a statistically
classical system.

It is well known [6] that the analytic pro-
longation of the positive function of frequency,
DSF, onté the complex-frequency upper half-
plane Im > Ois constructed by means of the
Cauchy integral formula,

S(k,7) = lf SW®) s (6)
n w—2z

—00

it admits the asymptotic expansion:
So(k) S,(k) S,k
Sy = B _$:00_$iK)
z 1z 7z
-0 (;) Im >0. (7)
The zero-order moment is, obviously, the static

structure factor SSF, Sy (k) = S(k) , while the
second moment is equivalent to the f-sum rule,

k2 2
S, (k) = w? (E) = w2 <§T> @)

and the fourth moment equals

2

S4(k) = wjS, (k) (1 + 3k + U(k)),

kp

2
= w}S,(q) (1 + qr— + U(q)>- )
Here q = ka, w, = \/4nn(Ze)? /m refers to
the plasma frequency, and
kp = \/4nn(Ze)?p is the Debye wavelength
withm being the mass of the particles.

The contributionU (k) in (9) is directly re-
lated to the interaction between particles. In
1998, the authors of [7] obtained the interpola-
tion expression for this contribution based on
the hypernetted-chain approximation:

3
by AT —0.005 2+
T35 pm %63 %r
0.272
(10)

+—
1+T
Collecting all above expressions together, the
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characteristic frequencies [4], needed in the fol-
lowing, are written in the following form:
w? = Wi (k) =
= w2(1 + k2kp? + k*kz*), (11)
3 F:(n)

2 k2
wim B O3

w5 = wi(k) = wi(1+

h\% k*
+(zm) Wi
4k? T3 —0905 2
TwI15fm Yoesz TS

N 0.272 12
Thecharacteristic frequencies determine the

plasma inverse dielectric function(IDF) and,
finally, the system dynamic characteristics. In-
deed, using Nevanlinna’s formula [8] one ob-
tains for the IDF the linear-fractional transfor-
mation of the function of the Nevanlinna class

Q(k, z):

e k,z) =
N wp (Q(k, z) + 2)
2(z2 — w2 (k) + Q(k, 2)(2% — w?(k))’

®)

Both the IDF and the Nevanlinna parameter
function (NPF) Q(k, z) are analytic in the upper
half-plane Imz > Oand havethere positive im-
aginary parts, and, in addition, the NPF satisfies
the limiting condition li ,_ @ = 0 which
guarantees the fulfillment of the moment condi-
tions (5) for any correct NPFD. Note that the
Nevanlinna function Q(k,z)is modelled here,

like in [8], in the static approximation with
Q(k,z) = Q(k,0) = ih(k), h(k) > 0.

Results.

The numerical results on the dynamic
structure factor are compared to the simulation
data of [3] and are summarized in Figures 1-2.
In all figures the squares correspond to the data
of [3] with q = kabeing the dimensionless
wavenumber.
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Conclusions

The reliability and robustness of the self-
consistent moment approach is demonstrated by
comparing the results obtained for the OCP dy-
namic structure factors with the simulation da-
ta.No adjustment to the latter is employed Us-
ing the obtained dynamic structural factors, one
can determine both the dispersion and attenua-
tion of plasma waves in the plasma under con-
sideration. Such an outcome can be used in
dense plasma diagnostics.
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ThIFbI3 BIP KOMIIOHETTI IVIASMAHBIHMOMEHT 9AICIHIH
UHTEPIIOJIAIUAIBIK MOAEJII HHEHBEPIHAE KAPACTBIPBIJIFAH
JAUHAMMUKAJIBIK KACUETTEPI

AnHoTauusi. OCBI JKYMBICTa TBIFBI3 013 Oip KOMIIOHEHTTI IUIa3MaHbIH JIWHAMUKAIIBIK
CUMAaTTaMaJlapblH 3€pPTTEy HOTIDKEJNEPIH YChIHAMbI3. MyHmall SKyiHenepaiH JUHAMHUKAIBIK
KypbUTBIMIBIK  (hakTopiapsiH ([JIK®) aspiKTay YIOIIH HHTEPHIOJSIIHUOHIBIK ©3IHAIK KeNiCuIreH
MOMEHTTEp SiC1 KOJIIaHbLIaAbl, OHbIH IIEHOEpIH /1€ )KULTIKTIK MOMEHTTEP HAKThl MOMEHTTEpP YIIIH
aCUMNTOTUKAJBIK  apaKaThIHACTBIH HMHTEPIOJSALMACH  peTiHAe ecenrteneni. byn  omicTiH
apTHIKUIBLIBIFBI 1IIIKI 3HEPT U YIIIH OEKITUINeH Tapal apaKaTbIHACBIH NaiiAanaHy MYMKIHJIT O0JIbII
TaObUIabI, OYJI ecenTeynepai Te3neTeni. AJbIHFaH HOTIKeNep, atan aiiTkanna, JIK® Ouikriri xyiie
napameTpJIepiHiH KeH Iuana3OHbIHAA KOMITBIOTEPIIIK MOJIENBACY JACPEKTEPIMEH KaKChl YilsieceIl.
CoHIBIKTaH WHTEPIOJSIIHMSIIBIK ©31H-631 KeTICUIreH XKeael oMiC JUHAMUKAIBIK KYPBUIBIMIBIK
(dakTopnap/pl *KoHE THIFBI3 €MeC IJIa3MaHbIH 0acka /1a AMHAMUKAJBIK CHIIaTTaMalapblH ecenTey
YIIiH NaiaanaHblIybl MYMKIH JIET€H KOPBITBIH/IbI Kacabl.

JK® Oiny, aram aWTKaHAa, IUIa3MalbIK TOJKBIHAAPIBIH JUCHEPCHUSICHIH, OJIAPIBIH
JTUCCUTIALIMACHIH ~ €cenTeyre,  COHJAal-aKk  KapacThIpbUIaTblH  OPTAaHBIH  [apaMeTpiepiH
JMarHOCTHKallayFa MYMKIH/IK Oepei.

Tyiiin ce3aep: THIFBI3 MJ1a3Ma, MOMEHT 9JIIC1, TUHAMUKAJIBIK KaCUETTEPI.
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JUHAMUYECKUE CBOMCTBA IUIOTHOM )
OJJHOKOMITIOHEHTHOM I1JTA3BMbI B PAMKAX UHTEPIIOJISIHIUOHHOM MO/IEJIA
METOJIA MOMEHTOB

AHHoTanusi. B nanHoil paboTe mpeacTaBieHbl pe3yNbTaThl MCCIECIOBAHUS AMHAMUYECKUX
XapaKTEepPUCTUK IJIOTHOM OJHOKOMIIOHEHTHOH mia3Mmbl. Iy onpeaeneHus] TUHAMHUYECKUX CTPYK-
TypHbIX (akTopoB (JCD) Takux CHCTEM HCIIOIB3YETCS MHTEPIOJSIIMOHHBIA CaMOCOTIaCOBaHHBIN
METOJI MOMEHTOB, B paMKaX KOTOPOTO YacTOTHbIE MOMEHTHI BBIUHCISIOTCS KaK HMHTEPHOJISIUU
ACUMITOTUYECKMX COOTHOIICHUMN ISl TOUHBIX MOMEHTOB. [IpermyliecTBoM JaHHOTO METoAA SIBIS-
€TCsl BO3MOXHOCTh MCIOJIb30BaHUS YTBEPKIACHHBIX CTOPOHA COOTHOLICHHUS Ul BHYTPEHHEH SHEp-
TUH, YTO YCKOpPseT BhIUMCIeHUs. [lodydeHHble pe3ynbTaThl, a UMEHHO mojoxeHue, spicota JJCD
XOPOIIO COTJAcYIOTCS C JaHHBIMU KOMIBIOTEPHOTO MOJEIMPOBAHUS B IIMPOKOM JHMANa30He HU3Me-
HEHUs mapaMeTpoB cucTeMbl. [l03ToMy cenaH BBIBOJ, YTO MHTEPHOJSIIMOHHBIN CaMOCOIIacOBaH-
HBII MOMEHTHBIM METOJ1 MOKET OBITh MCIOJIB30BaH JJIS pacyeTa TUHAMUYECKUX CTPYKTYPHBIX (hak-
TOPOB U JAPYrUX JUHAMHUYECKUX XapaKTEPUCTUK IJIOTHOM HEUJeanbHOM MI1a3MBbl.

3nanue DSF, B yacTHOCTH, MO3BOJISIET paCCUUTHIBATH AUCIIEPCUIO IJIA3MEHHBIX BOJIH, UX JIUC-
CHUMAIIHIO, a TAKXKE IUAarHOCTUPOBATH MapaMeTphl pacCMaTpUBaEMOil Cpebl.

KuroueBble cjioBa: 1ioTHas 1ia3mMa, METOJl MOMEHTOB, TUHAMUYECKHE CBOMCTBA.
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DYNAMICAL PROPERTIES OF DENSE
ONE-COMPONENT PLASMAS WITHIN THE
METHOD OF MOMENTS INTERPOLATION MODEL

Abstract. In this paper we present the results of investigation of dynamic characteristics of
dense one-component plasmas. In order to determine the dynamic structure factors (DSF) of such
systems, the interpolation self-consistent method of moments is employed, within which the fre-
quency moments are calculated as interpolations of the asymptotic relations for the exact moments.
The advantage of this method is the possibility of using approved fitting ratios for internal energy,
which speeds up the computations. The obtained results, namely, the position, the height of the DSF
are in a good agreement with the computer modelling data in a broad range of variation of the sys-
tem parameters. Therefore, the conclusion is made that the interpolation self-consistent moment
method can be used to calculate dynamic structural factors and other dynamic characteristics of a
dense nonideal plasma.

Knowledge of DSF, in particular, allows calculating the dispersion of plasma waves, their dis-
sipation, as well as diagnosing the parameters of the medium under consideration.

Keywords: dense plasma, method of moments, dynamic properties
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