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O6 umnynbcHOM pacnpefefleHun HYKJOHOB B stApax

CrpouTca Monenb “KorepeHTHuIX $GIYKTYyaUHit” s1epHOil MAOTHOCTH
(anbrepHaTuBHas x Teopum Bpakrepa) ¢ ueabio TEeOpeTHYEeCKH CTPOrOro
06BbACHEHHST B HMNY/IbCHOM pACNpelelleHHH HYKIOHOB CYWeCTBOBAHHSA 60.1bIUKX
KOMIIOHEHT, OTDEeTCTBEHHBIX 38 POXOeHHUe BBLICOKOIHOPreTHUECKHX HaCTHI
B HHKJIO3UBHLIX peakuuax. [lonyuennas B pamkax 3Toit Mopmenu dopryna mns
HMNYNbCHOI'O paclpenelleHHsl He COAePXUT CBOBOAHLIX NMapaMeTPOB, H KOMIO—
HEeHTB! C GOIbWHMHK MMMNYJILCAMH BO3HHKAKT eCTECTBEHHbIM o6pa 30M.

Pa6Gora suminonnena B Jla6opaTopuu TeopeTHuyeckoit du3uky OW M,
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On the Nucleon Momentum Distribution in Nuclei

The nucleon momentum distribution in nuclei has been obtai-
ned within the framework of a "coherent flucton" model. The present
theoretical calculations agree well with experimental data on particle
backward production in inclusive reactions,

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR,
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1. The production of particles in inclusive reac-
tions povides an interesting possibility of studying the
nucleon momentum in atomic nuclei, The authors of
Refs, “12/  consider the production of particles
(N.7..) in scattering processes of fast particles
on nuclei in the forbidden energy range for the
corresponding elementary events such as (p+ Norm+ X).
These inclusive reactions are pictured as a process
of interaction of the projectile particle with an ensem-
ble of nucleons of the target, The kinetic energy
of the nucleons in such a correlated formation (the
so-called flucton/1-3/ 1} js several times larger
than the average value of the nucleon kinetic ener-
gy in the nucleus. In such a way in nucleon mo-
mentum distribution there appear high momentum
components that are responsible for the particle
inclusive production. In Refs,’4-6/ the dependence
of the production cross section on the energy of
the detected particles is qualitatively described on
the basis of a phenomenological single~-particle mo-
mentum distribution, In spite of the success of the
above approaches there still remains the problem
of the strict theoretical explanation of the existence
of high components in the momentum distribution,

In this paper we propose a model of the cohe-
rent nuclear density fluctuations, the former being
an alternative to Brueckner theory, One can deter-
mine the single-nucleon momentum distribution, which
agrees with the results of the phenomenological
analysis,



2, Nuclear matter theory studies the "asymptotic"

state of a system with mass number A > in the
volume szg—nx3 . The nuclear density p(Xx)-= g =
X

=—4—3—é—3 is finite within a sphere of radius x . The
X
energy of such a homogeneous "piece" of nuclear

matter is:

&(x) =AGy(p(x)), (1)

where &y (p (%)) is the energy per nucleon, The
latter can be expanded in powers of the Fermi-mo-
mentum, corresponding to density p(x) " .

Let us assume that the properties of finite Fermi
systems depend only on the energy density and the
local nuclear density distribution p(r). This assump-
tion has alredy been used in statistical theory of
nuclei /7. At finite values of x (that holds the
nucleon number A fixed at a given value of the
density) the quantity has the meaning of the energy
of an abstract nuclear object, which should be trea-
ted as a virtual state of the real nucleus, This vir-
tual state will be referred to as a coherent flucton
in what follows. The calculation of the energy of
the system requires the determination of the probabi-
lity for existence of this object (or the wave function)
and the kinetic energy connected with the collective
momentum, conjugate to the variable x.Keeping in
mind the definition of the density:

p(r)=<f(x)1;x(r)[f(x)> (2)

one can obtain the flucton wave function f(x).
The density distribution is obviously determined

by :

P T ©

where 8(x—=< ) is the well-known @ -function

~ 1, r© <x
0 (x-r) = {
0 r »X

Equations (2) and (3) define the wave function

1/2

3
f(x) 3(__4_”_"_ dp(r), , (9

3A dr le=¢

The ground state energy of the nucleus is determi-
ned by the following density functional:

E-<f (x)|T + &x)|f (x)>. (5)

lo}

The collective kinetic energy operator 'fx that cor-
responds to the coherent motion of the nucleus is
written as:

Foo__n d
X 2m  (x) dx2 ' (6)
ef
where m, is the effective mass depending on the

mass number A, In general, m, is a function of
the collective variable x. Eq. iS) corresponds to
a dynamic differential equation of the Schrodinger-
type, describing zero "breathing" vibrations of the
system:

2

h® 42

[-- = +8(x) 11 (%) =Ef (x). (7)

2 m,, dx

The wave function f (x) is normalized by :

0(1f(x)12dx=1. (8)



The numerical analysis of eq. (5) has shown that
m, is essentially independent of x and is also a
simple function of the mass number A

‘ AM
Mot ="K (9)

That dependence of the effective mass on A is most
probably due to the adding contributions of single
nucleon kinetic energies to the collective kinetic
e nergy,

Thus we are sure that there has been proposed
a new nuclear model based upon the properties of
the asymptotic state of nuclear matter and the reali-
stic nuclear density distribution,

3, The offered theory must be applied to the
description of those phenomena and properties of
nuclei which are essentially dependent on the gene-
ral geometric and dynamic characteristics of nuclei,
In this paper we consider only the determination of
the nucleon momentum distribution in nuclei,

The normalized to A distribution of the particles
with respect to their momentum k inside a given
coherent flucton must be determined by:

n (k) =ng(x) OCK (x)=k), (10)

where no(x) is the volume of a flucton of radius X,
and kF(x) is the flucton Fermi-momentum

1/3

0 2 1/3
K0 =(Zmp)) =(Fan) - L, (11)

p(X)=3A/47x3

The resulting distribution n(k) of the nuclear ground
state is:

n(k)=J1f (x)*n (kydx. (12)
0 X

it is obvious that
3
4 [ n(k) —9—%=A
(27)

n(k) can be expressed as a function of the density
p(r) from eq. (4):

p(E_(1_+-}T

2 6 00
n(k)=(4zy L2’ a9
3 A" kK 0(1+y)7 p(%_) ,

1/3
where a =1,52A , and y is a dimensionless

integration variable., For the case of the Fermi-den-
sity distribution

() p (R, b)
p(r)= —0

1 vesp(Z)

where the R and b parameters determine the nucle-
ar radius and surface thickness, ed. (13) leads to
a power asymptotics of the momentumn distribution
n(k) , whery k » o

2

n(k) - exp(- By 32y L)’ (14)

when k -0

A R a8 ,a a
n(k) - (3F) - e (D +p (R DY6OY (6. £ 1(15)

y(a,z) in the above expression is the non-comple-
te gamma-function, a

z
Sa,z)= fet 7 ar.
0



According to eq. {(15) n(k) is finite at k =0, The
momentum distributions n( k) for 12¢ and 8lm are
calculated according to =q. (12) and are given in
Figs. 1,2, In the numerical calculations n(k) has
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Fig, 1, Nuclear single-nucleon momentum distributions
for 12C. AW, is the theoretical parametrization of
Amado and Woloshyn, Ref Y, F,M, is the result of
the present calculation; H,O. is the nonrelativistic
harmonic oscillator result with oscillator parameter
equal to 1,65 fm, Ref, % S,C. is the theoretical

result from the Dirac equation for a self-consistent
model, Refs, 8.9/,
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Fig,2.Nuclear single-nucleon momentum distributions
for. 181 7y . .M. is the result of the present calcu-
lation: AW, is the parametrization of Amado and

P . . 2
Woloshyn, Ref, &

been normalized by the following condition:

2 f a3x My n(k)=A (16)
(27)” E(k)




which takes into account the relativistic correction
to the phase space wvolume, My is the nucleon mass
and E(k)=(k2+MN )1/2 . Also given are the respecti-
ve phenomenological distributions 4/, that are
successfully used in the anatysis of the experimen-
tal data on inclusive reaction’®’.

In Fig.1 for the case of 12C we also give the
curves taken from Ref, '6/ curves, which correspond
to the distributions given by conventional models,

It becomes clear that values of n(k) obtained in
the harmonic oscillator model for momentum k> 2 fm ™
are a few orders of magnitude less than the results
of the present flucton model, The distribution n (k)
for 12 ¢ corresponds to an average nucleon kinetic
energy determined by the distribution integral

i

00 M
L Ly vPak M [B(k)-M ]n k)
Py E(k) v

and is equal to 33,6 MeV,

There is a certain disagreement between the
present calculations and the results of Ref,’4/ LIt
should be noted, however, that the experimental
Cross section lies about an order of magnitude
lower than the approximation of Amado and Wolo-
shyn,

We would like to point out, ii- conclusion, that
the obtained formula about the momentum distibution
n(k) does not contain any free parameters, in
case that f(x) is related to the local density
distribution p(r), which is determined by electron
scattering experiments,

The necessary high momentum components of
the distribution n(k) appear quite naturally within
the framework of the present flucton model in cont-
rast to other approaches.
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