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Abstract

The momentum distributions of’Be core fragment from thé'Be + °Be reaction
system are computed in the framework of the Glaublléreory using the CSC_GM
code. The CSC_GM code used in the computations whtined from the CPC
Program Library, Queen’s University of Belfast, Nreland. The CSC_GM code is a
Fortran 90 program that was originally run on UNIXoperating system. The code was
modified and run on Windows xp. The projectile necis is assumed to have the
structure of a core plus valence nucleon. The inpdaita needed for the calculations
are the core and target densities and the nuclearcieon profile function. Results are
found to agree with the experimental data, espelgiat high incident energies.
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1.0 Introduction

The momentum distribution of a fragment is one e fuantities measured in the experimental studunstable
radioactive nuclei which has advanced considertdsgugh the technique of using secondary radioadisams [1,2]. Other
relevant quantities also measured in this typetuwdysare the various reaction cross sections ti@tide the total reaction
cross section, nucleon-removal cross sections,Tétese quantities play important role in revealing nuclear structure of
unstable nuclei, particularly the halo structuregtpn and neutron skins [1,3,4]. Halo and skin amelear properties or
structures that are peculiar to only unstable mtige nuclei. Sizes and density distributions lfoth nuclear matter and
charge) of unstable nuclei are therefore quiteediifit from those of stable nuclei.

In this paper momentum distribution 8Be core fragment froni'Be + °Be reaction system are calculated in the
framework of the Glauber Theory using the CSC_GMdeco The reaction system is described as:
1Be + Be —» “Be+ °Be + n. The projectile nucleus'Be) is assumed to have structure of a core nu¢tége) plus
a valence nucleon. Measurement of the momentutmtdison of the core fragment is now a standardaknfor the study of
unstable nuclei.

The Glauber model is a microscopic reaction thedryigh-energy collision based on the eikonal agpnation and on
the bare nucleon-nucleon interaction. It is nowaadard tool to calculate the momentum distribubesause it can account
for a significant part of breakup effects whichypém important role in the reaction of a weakly bduucleus [5,6].

2.0  Theoretical Background

The reaction of a projectile nucleus P with a tangecleus T is considered. At the initial stagetlté reaction, the
projectile in the ground state, described with rnirisic wave functior?, impinges with momentunilK = (0,0, hK) on
the target in its ground state, described withrdrinsic wave functior®, . The center-of-mass wave function is removed
from Y0 (6, ). At the final stage of the reaction, the prajecgoes to the state specified by a wave functioa and the
target goes to the statespecified by a wave functio®c . The statea is not necessarily a bound state but may be a
continuum state that includes some fragments. Thenentum transferred from the target to the prdgds hg The
scattering amplitude for this reaction is writtenthe Glauber theory as an integral over the impacameteb between the

projectile and the target [7] as
iK 4
F..(q) = — [ dbe™® aecl—r! |‘l 1-T, Ju,© (1)
(9) 271'[ <¢’ ! J'D( J*//o o>

The integrated cross section for this reactioriviergby
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_(dq 2
O = jF| Fac(q)| 7))
The profile function/”in Eq. (1) is given by:

() =22 e ®
4B

The parametersyy, o, andf usually depend on either the proton—proton (newtnentron) or proton—neutron case. The
argument of'ij in Eq. (2) isb + sP —sT, which stands for the impact parameter betwéeandjth nucleons. HereP (ST )

is the two-dimensional coordinates comprisingxhandy-components of thigh nucleon coordinate in the projectile (target)
relative to its center-of-mass coordinate.

2.1 Longitudinal momentum distribution

The one-nucleon removal reaction is contributeddty the elastic and inelastic processes withribkastic process
becoming dominant at high energies beyond a fewdtaehMeV/nucleon [4]. The longitudinal momentumtdizition of the
core fragment is therefore here calculated afteritielastic breakup of the projectile. Let the matnen of the core be
P = (P, P)) and that of the nucleon going to the continuumeskstzk. Assuming that the core remains in its ground state
the momentum distribution is calculated by the ¢igud8].

do’¥'  [dq A ,
P fﬁZfd’“s (r —a, et ) e (@) 4)
c#0

Since the momentum transfer received by the ejectshce nucleon is considered to be large, tta §itate interaction can
be ignored. The continuum scattering wave funatibtihe last nucleon is then approximated by a plaaee,

1 .
o(r) = a3 © P, (5)

and equation (4) then reduces to:

inel

0_N
=1|db (1 — e—ZImXNT(bN))
dP f N
—1 _1 —iP-r * iX (by—-s) 2
X(Znh)3 2j+12| dre® VE TN im (M| (6)
mmg

whereby stands for the impact parameter of the valencéenncwith respect to the target. Integrating over transverse
momentum leads to the longitudinal momentum digtidn:

ginet B fdP ginet
dp, Lap

1
= ﬁf de(l — e—ZImXNT(bN)) f ds(l _ e—ZImXNT(bN_S))

i ! 1 ~  —
1 7P (z— * !
dezfdz erf1z Z)unlj (T)Epl(r “T), ()

wherer = (s, z)andr’ = (s, z') and Ris the Legendre polynomial. The integration ofaipn (7) over Pgivesc ¢!,
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3.0 Methodology

The Cross Section Calculations in the Glauber Mofe5C_GM) code is a Fortran 90 program that wagirwally
run on UNIX operating system. The code can be tsedlculate the cross sections of various reastfona core plus one
valence-nucleon system in the framework of the Bdaumodel. The program has earlier been used toleté the total and
one-nucleon removal cross sections [9]. The codslightly modified to enable the computation of tleagitudinal
momentum distribution of the core fragment in tH&e +°Be reaction system. TH&e nucleus is assumed to have structure
of %Be + neutron. The reaction system, the type ofscsEtion to be calculated, and the target and densities are
specified by the input data. Table 1 representsripiet data for thé'Be +°Be  reaction system in the format of tee.inp
file. The first line, according to this format, @& the mass numbers of the target, projectile anel @y, Ap, andAc), the

second line gives the charge numbers of those in(#leZs, and;c). The code assumés, — A; =1. For a proton target,

Ar = 1 andZ; = 1. The third line defines the incident energytha projectile per nucleon (in MeV). The fourthdidefines
the parameters of the nucleon—nucleon profile fon¢tEq. (3):ony (in fM2), «, andp (in fm2). Values of these parameters
are taken from Ref. [10]The fifth line gives thebibal angular momentum of the valence nucleon. 3ikth line gives the
number of Gaussians used to fit the core and tagadities, and the following lines give the caméfintsci and the rangesi

(in fm-2) as defined by Eq. (5). Results of the catagions are written on a filmomdist.out

4.0 Results

The ''Be nucleus is described with'8Be + neutron system. The momentum distributions esqed in Eq. (7) are
written on the output filepomdist.outas in Table 2.

The longitudinal momentum distribution of tH8e for the reactiod’Be +°Be at the energy of 63 MeV/nucleon is
compared with experiment in Fig.1.
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Fig. 1. The longitudinal momentum distribution HiBe from thellBe+ 9Be reaction at the energy of 63 MeV/nucleon.
The solid curve denotes the results calculated g (7). The experimental data are taken from [R&f.

Table 1:csc.inpinput file for the 1154 4950 System

SIN INPUT PARAMETERS VALUES
1 Mass numbers of target, projectile and core:

(A1 Ap; Ag) 9: 11: 10
2 Atomic numbers of target, projectile

and core: (£ Zp;, Zc) 6 4 4
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Incident Energy per nucleon (in MeV) 63
4 Profile function parameters 4.26; -0.07; .021008
(O, B, infm)
5 | (angular momentum quantum number) 1
6 Monte Carlo parameters (Ng,irand) 500000; 2.5; -11213
7 icondl (initial condition 1) 0
8 icond2, icond3 2; 1
9 Number of Gaussians used to fit the
core and target densities 2
10 Coefficientc;, rangeq; (in fm™?) €,=-1.233428745,=0.462770142
¢,=1.38536085; a,=0.373622826
11 Maximum angle (in degrees) 20
Table 2 momdist.oubutput file format.
P [MeV/c] da/dp [mb/(MeV/c)]
0.0 2.321504
10.0 2.014542

The experimental data is obtained from Ref. [9]lyGhe inelastic breakup process is taking intooaict in calculating the
momentum distribution of the core fragment as #mdr dominates the elastic process at high erergige solid curve is
the result of equation (7). The results clearly pare well the experimental data. No similar resals however found
within available literature.

The input parameters which have to be filled m¢bc.inp input file are shown in Table 1.

6.0  Conclusion

A Fortran program was used to calculate the lodgial momentum distribution of the core fragmenttia*'Be +°Be
reaction system in the framework of the GlaubeotiieThe narrow momentum distributions *88e indicate that'Be is a
neutron halo candidate. The results clearly compasiethe experimental data. No similar results laogvever found within
available literature.

The Glauber model is obviously suitable for higlergy reactions. For reactions at lower energys(tkan a hundred
MeV/nucleon), predictions of the Glauber model @ther poor. Contributing factors might be inappiage choice of the
effective interactions between the nucleon andtérget for the low energy reactions. With apprderiahoice of the
interaction potential the code can be modifiedefalaceycr andyyr with the corresponding phase-shift functions cwrcsed
from the new potential.
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