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AHTOHOB A.H., HI!KOnaeB B.A .. ncrKOB Vf.JK. E2-11282 

06 HMliYllbCHOM pacnpeaeneHIHI HYKliOHOB B l'!llpaX 

Crpo<~TCH Moaenb "KorepeHTHLrx rj>Jl)'KTyauHil" HLiepHoii nnornocrrr 
(anhrepHaTIIBHaH K reop1111 EpaKHepa) c uellb!O reopeTl!'IeCKl! crpororo 

o6bRCHeHnR B nMnynhCHOM pacnpeaeneHH!! HyKnoHoB cywecraoaaHHH 6o.-rbwHx 
KoMnoHeHT, ornercraeHHbrx aa polKaeHHe BbiCOK03Hcprenr'!ecKHX '!acnru 
B HHKii103l!BHblX peaKUHHX, nony'leHHaH B paMKaX 3TOl! ~1011Cllll rjlop,!yna lliiH 
I!MliYllbCHOf"O pacnpeaeneHI!R He COI!ep>K!!T CB060I!Hb!X napaMeTpOB, ll KO'-lliQ
HeHThl C 60l!bWHMII HMliYiibC8MII B03HIIK810T ecTeCTBCHHhlM o6pa30M, 

Pa6ora BhmonHeHa B Jla6oparopuu reopeTH'!eCKOil rj>H3HKH 011 5H1. 

Coa6ll!eHHe 06bei!HHeHHOf"O HHCTHTyTa RllepHbiX HCCnenOB8HHii. ily6Ha 1978 

Antonov A.:-J., Nikolaev V.A., Petkov l • .J. 
E2- 11282 

On the Nucleon Momentum Distribution in Nuclei 

The nucleon momentum distribution in nuclei has been 
ned within the framework of a "coherent flucton" model. The 
theoretical calculations agree well with experimental data on 
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. 11

•
21 consider the production of particles 

(N ,rr ... ) in scattering processes of fast particles 
on nuclei in the forbidden energy range for the 
corresponding elementary events such as (P+ N-•rr+ 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 fluctonll-3/ ) is 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. 14- 61 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. 
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2, Nuclear matter theory studies the "asymptotic" 
state of a system with mass number A • "' in the 

volume Q "'!_ rr x3 -• oo. The nuclear density p ( x) = ~= 
X 3 flX 

= _11..3 is finite within a sphere of radius x . The 
4rrX 

energy of such a homogeneous "piece" of nuclear 

matter is: 

~( x) "' A5;0( p ( x)) , (1) 

where 8
0 

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

7
' 

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 171 . 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)l~ (r)lf(x)> 
X 

(2) 

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

by: 

P ( r) 
X 

3 A e (X -r ) . 
4rr X 3 

(3) 

4 

• 

A 

where 8 (X 4" ) is the well-kno\1\/!1 8 -function 

1, r < x 
8 (X -r ) 

0, r > x 

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

3 
f ( x) = ( --~- ~~-!_). r2 

3 A d r I r=x 
(4) 

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

E = < f ( x) i Tx + f>( X) I f (X) > . (s) 

"' The collective kinetic energy operator T x that cor-
responds to the coherent motion of the nucleus is 
written as: 

h2 d 2 
T --------

x - 2m ( x) dx2 ' 
ef 

(6) 

where mer is the effective mass depending on the 
mass number A In general, m r is a function of 
the collective variable x. Eq. lS) corresponds to 
a dynamic differential equation of the Schrodinger
type, describing zero "breathing" vibrations of the 
system: 

h2 d 2 
[--- ~( ) ] 2m --2+~X f(X)=Ef(x) 

ef dx · 

The wave function f ( x) is normalized by: 

r 1 f(x) 1
2 

dx= 1. 
0 

(7) 

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

I 4M 
N 

m ef ""-A (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 

energy. 
Thus we are sure that tl:Pre 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 v'Vhich 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 r'lust be determined by: 

F 
nx(k)=n 0 (x)E>(k (x)-k), (10) 

where n 
0 

( x) is the volume of a flue ton of radius x, 
and k F ( x) is the flucton Fermi-momentum 

F 3 2 1/S 9 1/3 l 
k (x)=(-E.._p(x)) =(-rrA) • -

2 8 X 
(11) 

p(x) ,3A/4rrx3 . 

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

00 2 
11 ( k ) = r I f ( X ) \ n ( k} dx . 

0 X 

(12) 

6 

' 1 

! 

' 

It is obvious that. 

d 3 k 
4 f n(k) --"'A 

(2rr)
3 

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

p(-~-) 
4 rr 2 1 a a 6 00 dv k ( 1 + Y) 

n(k)=(-) -p(-)(-) I-1+6J-=------l(13) 
3 A k k o ( 1 )7 a +Y p ( --) 

1/3 
where a = 1,52 A , 

k 

and y is a dimensionless 

integration variable. 
sity distribution 

For the case of the Fermi-den-

p ( R, b) 
P ( r ) "" __:__iL_ __ _ 

r -R 
1 + exp( --) 

b 

where the R and b parameters determine the nucle
ar radius and surface thickness, eq. (13) leads to 
a power asymptotics of the momentum distribution 
n ( k) , when k -. oo 

n( k)- exp(- .E.)( !E. )2 
.1_( il-)

6 

b 3 A k ' 
(14) 

when k-. 0 

n( k)- ( 4"-{..1.!- ( .2-_)
6 

p ( .!!..) +p (R, b)6b6y(6, ..!!_) 1{15) 
3 A k k 0 kb 

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

te gamma-function. 
z 

y ( a , z ) = f e -t 
0 

a-1 
t dt . 
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..6.ccording to eq. (15) n( k) is finite at k =0. The 
momentum distributions n( k) for 12 c and 181 Ta are 
calculated according to eq. ( 12) and are given in 
Figs. 1, 2. In the n .. unerical calculations n ( k) has 
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Fig. 1. N•.-!clear single-nucleon momentum distributions 
for 12 C. A.W. is the theoretical parametriza.tion of 
A"'1c3.do and Woloshyn, Ref 141 ; F.M. ls the result of 
the present calculation; H.O. is the nonrelativistic 
harmonic oscillator result with oscillator parameter 
equal to 1,65 fm, Ref. 161 

; S.C. is the theoretical 
result from the Dirac equation for a self-consistent 
model, Refs. 16 • 91 . 

8 

I 
I 
I 

I 
t 

~ 
I 
; 
! 

I 
~ 
I 

t 
I 
I 

rk)[fm'] 
/0~ 

l -/0 

10' 

10' ·-

(0" 

lti' 

/dl 

MJ 

/0
4 

2 

' " ' 

F.M. 

" 

.3 

' ' ' 

4 

101 Ta 

' ' ' ' ",A.v.J. 

" " ' ' 

5 6 T k [fm-'] 

Fig.2.Nuclear single-nucleon momentum distributions 
for 181 Ta. F.M. is the result of the present calcu
lation; A.W. is the parametrization of Amado and 

/4 ' 
Woloshyn, Ref.· 
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been normalized by the following condition: 

d 3 k MN 2 f --g - n ( k) =A ( 16) 
(2rr) E(k) 
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which takes into account the relativistic correction 
to the phase space volume. M N is the nucleon mass 
and E(k) = ( k

2 
+MN )

112 
. Also given are the respecti

ve phenomenological distributions 141 . that are 
successfully used in the ana~sis of the experimen
tal data on inclusive reaction 81 . 

In Fig. 1 for the case of 12 C 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) ob~ined in 
the harmonic oscillator model for momentum k> 2 fm -I 
are a few orders of magnitude less than the results 
of the present flucton model. The distribution n ( k) 
for 

12 
C corresponds to an average nucleon kinetic 

energy determined by the distribution integral 

1 1""2 MN 
-- --;r- f k dk- [ E(k) -M ] n( k) 
A TT 0 E(k) N 

and is equal to 33.6 MeV. 
There is a certain disagreement between the 

present calculations and the results of Ref. 141 . It 
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, i•' 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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