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ABSTRACT

The Industrial Zone at the Russian FederaI Nuclear
Center/ A1l-Russb Scientific Research Institute of
Experimental Physics (RFNCNNIIEF) consists often
guarded areas with twenty two material balance areas
(MBA@. The type of ihcilities in the Industrial Zone
include storage sites, machine shops, research facilities
and training f=ilities. Modernization of the Material
protectio~ (bntrOl and Accounting (MPC&A) System
atthe Industrial Zonestartedin 1997. This Paper
provides a description of, the methodologyktrategy
uaedintheupgrade of the MPC&Asystem.

INTRODUCTION

The RFNC/VNIIEF is one of the two main nuclear
weapons &sign laboratories in Russia. The laboratory
has its origin in the initial Soviet Union effort to
develop the nuclear bomb. The past mission of the
laboratory included weapon design and fabrication of
prototype warheads. Since the collapse of the Soviet
UnioU the laboratmy has been trying to divers~ the
mission to irwlude research into such areas as safety of
commercial nuclear power reactor, mathematical
modeling, and elimination of chemical weapons and
waste’. Due to the past and currentmission in nuclear
weapon development the laboratory has significant
quantities of sensitive nuclear material (SNM) it
various locations.

In 1994, *ions began between the United
States Depmtment of Energy National Laboratoriesand

RFN~F
system. The

VilctorMaltsev
RFNclvhmEF
37 Mim Avenue
%rov, 607190, Russia
Nizlmii Novogorod Region

on upgmding the existing MPC&A
initial fimded projects dealt with

evaluation of Russian and U.S. safeguards
technologies. The purpose of these projects was to
introduce the VNIIEF personnel to U.S. technologies
and also to provide the U.S. team with data on Russian
developed technologies. The actual implementation of
the MPC&A llpglZidf2Sbe@n in 1996 with tWOSitM
that were named the Reactor Site and Production Site.
The acceptance testing of the upgraded MPC&A
System at these sites was completed in the Spring of
1997 and trial operation began during the Summer of
1997.

In the Ml ti 1997 at a @t U.S./Russian project
teammeeting in Oak Ridge, the VNIIEF team
presented to the U.S. team a plan for the upgmding the
MPC&A system at the entire VNIIEF Complex. For
the implementation of this plq the VNIIEF Complex
was divided into two large entities called the Scientific
Zone and the IndustrialZone. This delineation is based
upon the nuumgement wnsibility and fictional
responsibility ratherthan physical location. This paper
presents the status of the MPC&A upgrades at the
Industrkl ZOne.

DESCRIPTION OF INDUSTRIAL ZONE

A diagmm of the closed territory of Sarov is shown
in Figwe 1. The closed territory is divided into three
se@kms for. @. implementation of the MPC&A
System. These three parts include the residential
sectiom the Sckmtific Zonq and the Industrial Zone.

*Operatedby LQckheedMartin Energy Research Corp.for the U. S. Depmtment of Energy under ContractNo. DE-
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An effective two-body nuclear interaction is presented whkh is a sum of terms
separable in coordinate space. Calculations are made using this interaction of some
doubly closed-shell spherical nuclei using many-body perturbation theory with the
Hartree-Fock state as a reference state. It is demonstrated that the interaction
gives good bulk properties in finite nuclei.

1 Force

Separable multipole forces have been used in the past as residual interactions
to describe certain aspects of nuclei, such as deformation or for shell-model
calculations. The irdinite range of the separable multipole forces has led to
their use in restricted space calculations. By introducing a densit y-dependence
and extending the multipole force to include a monopole force, we perform
full-space Hartree-Fock calculations to obtain bulk properties and use pertur-
bation theory with the same interaction which generated the Hartree-Fock
state to look at correlations. The two-body tiective interaction is written

+ kV~p(rl)V~p(r2)

+ WD,P,.A-7 ~(-1)~ (rlp(rl)Y~M(?l)) (r2p(r2)Yl_M(+2))
M

+ WQ,P,.A-7 ~(–l)M (rfp(n)yz~(fl)) (ri?p(m)hw(f%))
M
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where the functions fa are defined as

‘a= [Id’’p’r’al-’ (1)
The first line in the potential is the attractive monopole term, and the second
line is a functionally identical repulsiveterm. The third line is a surface term.
The next line, being the term proportional to ~D, is the dipole term, and the
term proportional tO ~Q k the CWdrUpOh3 h%HiCtiOIL

Furthermore, there is a one-body spin-orbit interaction

(2)
,.

2 Calculations

Calculations have been made using this interaction in the Hartree-Fock (HF)
approximation for closed-shell spherical nuclei. For such nuclei the direct

,..

contributions to the energy (and HF potential) from the multipole forces are
zero. The exchange contribution is non-zero and, in principle, contributes :.

to the spherical mean field, although for this report, the strengths for the
multipole forces are set to zero. Thk is done since calculations of deformed
nuclei and excited states, in which the multipole effects will be most obvious,
have not yet been done, and only such calculations would allow one to fit the

./

parametersfor the multipoleforces. The contribution of the monopole force to
the HF energy and the HF potential is considered. Furthermore, correlations
are calculated usingthe techniqu&:of many-body perturbation theory3 for the
ground state energy. In contrast to realktic forces and most other effective
interactions, such as the Skyrme interaction4, thia potential has a convergent
perturbation seriesso diagrams may be evaluated order by order.

The parameters used are presented in Table 1. Table 2 compares exper-
imental and calculated results of the rms charge radius in the HF approxi-
mation. It is expected that the corrections to such one-body observable are

Wa [MeV fm3] /% b. c [MeV fm5]
-1568.0 ?0 1.0 0:~ -0.1125 180.0

IVr [MeV fm3s4] l% b. k [MeV fml”]
1831.0 2.?8 1.28 -O: 0.08 8.0

Table 1. Monopole force parameters used in this paper.
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Nucleus reh calculated [fro] Tchexperirnent5[fro]
160 2.74 2.69

40(-la 3.47 3.48
48Ca 3.47 3.48
90Zr 4.28 &27

114riJn 4.64 4.60
2.08pb 5.50 5.50

‘fhble 2. Charge radii for some spherical nuclei

much smallerthan the corrections to many-body observable, such as the en-
ergy. Table 3 shows the binding energy for the same nuclei. The calculation
includes the Coulomb interaction with the Coulomb excharige calculated using
the Slater approximation. There is no centr~of-mass correction.

Table 4 shows some properties of infinite nuclear matter calculations per-
formed with the same set of parameters as used for the finite nuclear calcula-
tions. The equilibrium density, PO, ia the density of nuclear matter at which
the energy ia minimized and a typical experimental value ia 0.16 A 0.02 fin-3.
kF is the fermi momentum and is related dmectly to the density. Co is the
energy at this density, with a typical value from a fitted mass formula being
-15.6 + 0.2 MeV. The correct value of the nuclear incompressibility, Km, is
less well known, but the result obtained with th~ separable force is very close
to those inferred from observationa of the breathing mode excitations and the
best fits with other effective interactions. The parameter a, is the asymmetry
energy. It is the coefficient of the asymmetry term in the semi-empirical mass
formula, and its experimental value is around 30 MeV.

Nucleus EHF E2 E3 ExperimentG
’60 -101.7 -2.95 1.08 -127.7

4oca -340.3 -2.27 0.14 -342.0
48 c+a -408.5 -6.00 0.68 -416.2
902? -786.1 -4.04 0.28 -783.9

114sn -975.4 -4.19 0.29 -971.6
208pb -1633.3 -5.18 0.15 -1636.4

Table 3. Binding energy contributions from Hartr*Fock and perturbation theory, All
energies are in MeV
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POo[~~31 kF [fr”-l] CO [Mev] Km [MeV] a, [MeVl

1.310 -15.69 220.10 29.22

Table 4. Nuclear matter propertied

3 Discussion

The results calculated in Hartree-Fock order give quite a good description
of the spherical nuclei presented. By using a density-dependent effective in-
teraction, the total energy and the radius can simultaneously be fitted, and
the separable form results in small correlations in perturbation theory. The
energiesup to third order agree with experiment within about 1% except for
the lightest nucleus, la0, which is quite under-bound. This may be due to
the omission of the centre-of-mass correction or a deficiency in the force. If . .

the latter, the inclusion of multipole correlations may provide a solution or,
alternatively,the inclusion of pairing. The quality of the fit to radii is slightly
better than that to energy. In particular, the lack of increase in charge radius
between 40Ca and 48Ca is reproduced. 160 is somewhat too diffuse, which is ..
not surprisinggiven its under-bhlding.

The nuclear matter properties are all very reasonable. There is no contri-
bution to nuclearmatter binding energy per particle from perturbation theory,
which one could have suspected from the fact that the lowest-order correction .,

to the total energy of finite nuclei stays about the same as the number of
particles increasesand the higher-order corrections become smaller.

4 Conclusion

An effective interaction has been developed which can be used to calculate
the properties of nuclei across the periodic table. The force has the advantage
that the perturbation seriesseemsto converge quickly so that the interaction
may be used to calculate both the mean field properties and correlations
beyond the mean-field using standard many-body perturbation theory. With
the calculation of deformed nuclei, the parametersof the multipole forces may
be fixed and perturbation calculations developed for excited state properties.
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