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FORM FACTORS AND DENSITY DISTRIBUTIONS OF PROTONS AND
NEUTRONS IN “LI AND “BE

Abstract. Form factors and density distribution of protons and neutrons in ’Li
and 'Be are investigated within a microscopic two-cluster model. The model
correctly treat the Pauli principle and make use of the oscillator basis to expand
wave function of two-cluster system. Dynamics of two-cluster system is totally
governed by a semirealistic nucleon-nucleon potential. We demonstrate that the
model used correctly reproduces form factors for the ground state of ’Li and "Be.
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Introduction

In this paper we consider the form factor of the elastic scattering of electron
and density distribution of protons and neutrons in light nuclei ‘Li and "Be. In
previous paper [1] we have investigated properties of light nuclei *He, °Li, °Li,
’Li, 'Be and ®Be within a microscopic two-cluster model. This model is the
algebraic version of the resonating group method. In Ref. [1] main attention was
paid to the spectrum and wave functions of bound and resonance states in these
nuclei, and also to phase shifts of the elastic two- cluster scattering. It was shown in
Ref. [1] that the two-cluster model used correctly reproduces the main properties
of light nuclei °He, °Li, °Li, “Li, 'Be and ®Be. The aim of the present investigations
Is to obtain complementary information on structure of bounds states in light
nuclei ’Li and 'Be. This

Table 1: Main input parameters of calculations and energy of the ground
state in ’Li and 'Be.

Nucleus Potential b,fm m/u fs Ecs, MeV
Li MP 1.3451 0.969 1.00 -2.468
MHNP 1.362 0.0002 1.00 -2.467
Be MP 1.3451 0.969 1.00 -1.630
MHNP 1.362 0.0002 1.00 -1.588

will be done within the same two-cluster model. It is well known that the form

factor provides information on distribution of charge in a nucleus. Values of the form
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factor in the region of small transferred momenta allows one to determine the proton
root-mean-square radius.

Details of calculations and results

As in previous paper [1], we represent “Li and 'Be as two-cluster system o +t
and a+3He, respectively. We use a common oscillator length b to discribe distribution
of nucleons in each cluster.

Two semirealistic nucleon-nucleon interactions: the Minnesota potential (MP)
[2], [3] and the modified Hasegawa-Nagata potential (MHNP) [4, 5, 6] are employed
inour calculations. Asin Ref. [1] we select the oscillator length b to minimize the two-
cluster threshold. We also slightly modified the Majorana parameter m of MHNP
and the parameter u of MP to reproduce the energy of the ground state accounted
from the two-cluster threshold. In Table 1 we display all input parameters of our
calculations. In all our calculations we make of 200 oscillator functions. This number
of functions guarantees a good precision for the energy and wave functions of bound
states, even for weakly bound states. We have also checked that this number of
oscillator functions provides form factors and densities distributions with acceptable
precision.

Since we consider light nuclei “Li and "Be within two-cluster microscopic
model, wave function of bound and continuos spectrum states is represented in the
following form:

Wgm = I‘T{[@l (A1,51) D, (Az,Sz)]S‘P}];ZS(CI)YL(@)}] (1)

Notations which we are using here are identical to those of Ref. [1].

Since wave functions @; (44, s,) and @, (Aj,s, ), describing internal motion
of nucleons inside each cluster are known and fixed, thus we have to find the

inter-cluster function L|J£zs (q) by solving the dynamic equations of the resonating
group method (RGM). In the standard version of the RGM, they are the integro-
differential equation. In the algebraic version of RGM, which we employ, the
dynamic equations are transformed into a set of linear algebraic equations. This is
achieved by using a full set of the radial part of oscillator functions{®,;.(q,b)}.

By expanding the inter-cluster function L|J£~LS (q) over oscillator functions

Uz15(@) = Znzo Cnrysy P (4, b) (2)

or the total two-cluster function Wy, over cluster oscillator functions

{I nL; SJ)}
Vg = Y=o Cnr;sy| nL; SJ), €))

we arrive to a system of linear algebraic equations



»_o{{nL|H|AL) — E(nL|fiL)}Cyp.s; = O. (4)

In real calculations, the infinite set of equations (4) can be reduced a finite set

of equations. And thus to find energies and wave functions of bound state, we need to
obtain eigenvalues and corresponding eigenfunctionsofthe N X N matrix

[{nZ A AL,

It worthwhile noticing that, by assuming that the wave function W ;= of a
bound state is obtained, one has to calculate the matrix element

By (q) = (Wgyr| B |Wgm) (5)

E.(q) = (LPE]”|F;1|LPE]”> (6)

in order to determine the proton and neutron form factors, and one has also to
calculate matrix elements

1 A
X1+ 2)8(r — 1)

D, (r) = <lPE JT Vg ]’T>» (7)

1 A
Do) = (Weyr| T (1 = 2080 = 1) W), ®)
to obtain the density distribution of protons D, (r) and neutrons D, (7).
Here the operators F, and F, are

B, = >3, (1 + 2,)exp {i(qr)} )
B =3k (1 - t)exp {i(an)) (10)

and the operators %(1 + 17,,) and %(1 — 1,,) are projection operators on

proton and neutron state, respectively. In equations (5), (6), (7) and (8), integration
is carried out over all spatial, spin and isospin coordinates.

It is worth noticing that by calculating both proton and neutron form factor
or densities we can easily construct the matter form factors or densities from the
relations

E.(q) = Fp(q) + F.(q)
D (r) = Dp(7) + Dy (1)

Recall that the nucleon densities are normalized by the conditions



JdrD,(r) =Z, [drD,(r) =N, [drD,(r)=A4,

where Z is the total number of protons, N is the total number of neutrons,
and the mass number A=Z+N.

Form factor

In section we consider form factor of elastic scattering of electrons.

The elastic form factors for ground 3/2— states of 'Li and 'Be are presented
in Fig. 1. The form factors are calculated with MHNP.
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Figure 1: Form factors of the elastic electron scattering from the ground
states of ’Li and "Be.
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Figure 2. Form factor F(q) of elastic electron scattering on the first excited
1/2 states in Li and "Be.



In Fig. 2 we display form factor of electron elastic scattering from the
excited 1/2 states in 'Li and 'Be. These results are also obtained with MHNP.

On both figures 1 and 2 we use the logarithmic scale and indicate only an
exponent of log (F (q)). We can see that the form factors for the ground and first
excited states rapidly turn to the zero with increasing of the momentum transfer g.
The form factor for the ground state of “Li has a node at q=2.49 fm~!, while for
'Be the first node appear at q=2.03 fm~. For the first excited 1/2 states, the
position of a node slightly shifted to small values of the momentum transfer q and
equals to g=2.26 fm—! for “Li and equals to q=1.86 fm— for 'Be.

The present results are in agreement with other microscopic model. For
example, the form factors for the ground state of ’Li and "Be, presented above,
are very close to those obtained in Refs. [7], [8], [9] within the other realization of
the resonating group method. There is also fairly good agreement with the
experimental data Ref. [10].

Density distributions

Now we turn our attention to the density distribution of proton and neutrons.
The proton and neutron density distributions for the “Li ground states are shown in
Fig. 3. They are calculated with MHNP. As we see the protons are mainly
concentrated at small distances, while the neutron density distribution is more
dispersed in the space.

In Figure 4 we display the proton and neutron density distribution for the
ground state of “Be. This nucleus is mirror to the nucleus ’Li, and thus we have
inverse picture for proton and neutron density distributions with respect to Fig. 3.
Despite that the energy of the 'Be is smaller than the ground state energy of ‘L,
both nuclei have similar density distributions of proton and neutron.

Conclusion

We have applied a two-cluster microscopic model to study density distribution
of protons and neutrons in light atomic nuclei 'Li and "Be. We also have studied the
form factors of elastic electron scattering from these nuclei. The microscopic model
which has been employed is the algebraic version of the resonating group method.
The later is using the full set of oscillator functions to expand wave functions of
bound and scattering states. Nucleon-nucleon interaction being a key ingredient of
any microscopic model was represented by two semirealistic potentials which are
often used in two- and three-cluster microscopic models.

It was demonstrated that the present two-cluster model reproduces fairly well
the elastic form factors of ’Li and ’Be as a function of the momentum transfer. It
was also demonstrated that our results are compatible with results of other
theoretical models.



r, fm
Figure 3: The proton and neutron density distribution in the ground state of
"Li.
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Figure 4: The proton and neutron density distributions in the ground state of
Be.
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“LI1 )KOHE “BE SIIPOJIAPBIHIATBI IPOTOHJIAP MEH
HEUTPOHIAP THIF'bI3/IbIT BIHBIH TAPAJIYBI MEH ®OPM
DOAKTOPJIAPBI

Annoranus. 'Li xoHe 'Be saponapelHIarsl HEWTPOHAAp MEH HPOTOHIAP
THIFBI3JIBIFBIHBIH,  Tapadybl MeH (opMm dakTopiaapbl MHUKPOCKOTHUSIIBIK €Ki
KJIACTEPJIIK MOJENb peTiHae 3epTreninmi. byn moxens Ilaynu npuHIUIH eckepe
OTBIPBIT, €Ki KJIACTePJIK >KYHEHIH TOJKBIHIALK (YHKIMICHIH KIKTEY YIIH
OCIMJUIATOPJBIK HEri3al KojimaHambl. Eki Kimactepiik JKyHeHIH JUHAMHKACHI
TOJIBIFBIMEH ~ JKapThUIall  PEATMCTIK  HYKJIOH-HYKJIOHIBIK  MOTEHITMATBIMEH


https://doi.org/10.32014/2019.2518-1726.6
mailto:aknurka___93@mail.ru
mailto:venera_baggi@mail.ru
mailto:kzo1994@mail.ru

aHbIKTaNaabl. KomIaHbUIbn OTEIpFaH MoENb 'Li sxone 'Be sSaponapblHbIH Herisri
KYHsepl yiuiH GopM-(hakTopabl AYPhIC OCPETIHAITH KOpceTeMis.

Tipex ce3mep: eki KiacTepiik xyie, ¢opM dakTopiap, THIFBI3IBIKTHIH
Tapaybl, HyKJIOH-HYKJIOH/IBIK MIOTEHITHAI )KOHE T.0.
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OOPM ®PAKTOPHI U PACITPEJAEJIEHHUE IIVIOTHOCTHU IPOTOHOB U
HEWTPOHOB B SIIPAX L1 U1 'BE

AnHHoTanusi. PopM (akTopsl M pacnpesesieHue IUIOTHOCTU MPOTOHOB U
HEUTpOHOB B sapax 'Li m 'Be mccnemoBaHbl B PaMKaX MHUKPOCKOIHYECKOM
JIBYXKJIACTEpHOM Mozenu. Moaens npaBUiIBbHO Y4YWThIBAeT NpuHuun Ilaynmm u
UCIIOJIB3YEeT OCUMWJUISITOPHYIO OCHOBY JUISl PAa3JIOXKEHUS BOJIHOBOW (DYHKIIMHU
JIBYXKJIACTEPHOM CHUCTEMBL. JIMHaMHMKa JBYXKIACTEPHOM CHUCTEMBI ITOJHOCTBIO
ONPENEIAECTCS IONYPEATUCTUYECKUM HYKIOH-HYKJIIOHHBIM ITOTEHIMAIOM. MBI
MOKAa3bIBAa€M, YTO HCIOJb3yeMas MOJEIb NPaBUIBHO BOCHPOU3BOIUT (POpPM-
(axTOpBI 17151 OCHOBHOTO cocTossHMs 'Li u 'Be.

KiuroueBble cioBa: JByXKiactepHas cucrema, ¢GopMm  (pakTopsl,
pacrpeneneHue II0OTHOCTH, HYKJIOH-HYKJIOHHBIA MIOTEHIUANT U T.[I.
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