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The study of proton-rich nuclei's form factors, root-mean-square radius (rms), and nuclear density distributions is the focus of this
work for nuclei (33Al and ?’P), use two body charge density distributions (2BCDD's). With the effects of the strong tensor force and
short range, the nucleon distribution function of the two oscillating harmonic particles in a two-frequency shell model operates with
two different parameters: be for the inner (core) orbits and bv for the outer (halo) orbitals. This work demonstrated the existence of
proton halo nuclei for the nuclei (>3Al and ?’P) in the shell (2s12), and the computed proton, neutron, and matter density distributions
for these nuclei both displayed the long tail of the performance. Using the Borne approximation of the plane wave, the elastic form
factor of the electron scattering from the alien nucleus was calculated, this form factor is dependent on the difference in the proton
density distribution of the last proton in the nucleus. The Fortran 95 power station program was used to calculate the neutrons,
protons, matter density, elastic electron scattering form factor, and rms radii. The calculated outcomes for these exotic nuclei agree
well with the experimental data.
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1. INTRODUCTION

The nuclear halo is a threshold effect with low separation energy. There are two different kinds of exotic halo
nuclei: proton halo [1] and neutron halo [2,3]. Neutron halo nuclei have recently undergone extensive experimental and
theoretical study [4,5]. However, studies on proton halos are very rare. Although the proton separation energy in some
light nuclei such as *B and ''F is very low [4,6-7].

Emil Ryberg and others examined the impact of finite-range corrections for S-wave proton halo nuclei on the halo
effective field theory [8]. Dellagiacoma et al. [9] provided a straightforward phenomenological technique for creating
dynamical short-range and tensor correlations. Da Providencia and Shakin [10] developed a similar correlation operator
for explaining short-range correlation effects, as did Malecki and Picchi [11]. Luay F. Sultan [12] used the binary
cluster model within the single-particle wave functions of Gaussian and harmonic oscillator potentials to investigate the
ground state density distributions of proton-rich Al and ?’P halo nuclei. The radial wave functions of the calculated
Woods—Saxon potentials for ®B, '7F, 17Ne, 2*Al, and 2’P have been used before Rafah I. Noori [13].

Using a coherent density fluctuation model and 2pF to study one- and two-proton halo nuclei for 2Al, 2°P, and %8S
nuclei is presented by Maha Taha Yassin [14]. The two-frequency shell model and the binary cluster model are used to
investigate the ground state densities of unstable proton-rich °C, >N, and 23Al exotic nuclei [15].

In this study, we will use the two-body charge density distributions (2BCDD's) in the ground state for the proton-
rich nuclei for (**Al and ?’P) with full correlations (tensor force and short range) with we used two different oscillator
size parameters bc and bv and we calculated of rms radii, density distributions for (protons, neutrons, and matter) and
form factors for these exotic nuclei.

2. THEORY
The operator has been used to define the nucleon density of a point-like particle nucleus [16]:

PO ( 25(% J . 1)

This operator can be transformed into a two- body density form ( p" (T) =p? (t))as[17]:

() s el ) ()

Another relevant transformation is that of the coordinates of the two particles, which may be expressed, (T and 1))

=l

5
in terms -of- that relative r ; and center -of- mass Rjj coordinates [18]:
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Subtracting and adding (3-a) and (3-b) can be obtain:
r=—=(Ry +1,), (3-¢)

Using egs. (3-¢) and (3-d) in Eq (2), we obtain:
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Using the identity o (a r):m5 (1) (for three —dimension), where (a) is a constant. For closed shell nuclei with
a

N=Z, the two-body charge density operator can be deduced from Eq. (4) as:

PO =2 p ()
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The operator from Equation (5) can be folded with the two-body correlation functions ]7[[ to yield an efficient two-
body charge density operator.
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where the from J;U is given by [18]

F=f@)A+fa)| 1+ A B, A,. )

It is clear that eq. (7) contains two kinds of correlations:
e  The first term of equation (7)'s two-body short range correlations, which is expressed as f(r;;). Here A, With the

exception of 3S; and °D; states, is a projection operator onto the space of all two-body wave functions. Short-
range correlations should be observed as important functions of particle separation, which diminish the two-
body wave function at short distances where the repulsive core forces the particles apart and heal to unity at a
lengthy distance where the interactions are very weak. The two-body short-range correlation is given by [18]:

0 Jor 1y <7,
. )= l=exp{ —u(, =Y’} forr;>r.

where 7. ( fin) is the radius of a suitable hard core and, u =25 fin?[20] correlation parameter.

®)

e The strong tensor component in the nucleon-nucleon force induces the longer range two body tensor
correlations that are shown in the second term of equation (7).

f=rop{1+a(A)P}A,, ©)
into triplet S, — °D, channels, where

A, = | (¢8)gT)((£5)gT]. (10)

(SgT
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This projection operator only affects the *S; and 3D; states. The typical tensor operator, Py, is known as [18]:

B==(6,7)(6, 7,)-6.5,. (11)

While o (4) can be defined as the strength of tensor correlation and it is non-zero just in the *S; and 3D; channel.
Where the relative orbital angular momentum (ﬁ ) and total spin (S ) of two particles are coupled to the channel spin

(g) a projection operator onto triplet coupled states of °S, and D, . In Eq. (7) the radial part is easily included as it

only modifies the radial integrals involving 7, . Acting the operator of Eq. (6) into triplet S, state

7 3 3

5’8} = 1e{ 1+ a(a)B, }]s)A,, (12)
and acting the operator ]712 into triplet D, , we get

J;12|3D1>=f(’iz){ l+a(A)R, }| 3D1>A2 . (13)

It makes sense to parameterize the core and halo densities independently in the case of exotic nuclei.
Consequently, the following is how the halo nuclei's ground-state matter density distribution can be expressed [19]:

P, (r) = pre (r) + pte(r). (14)

The normalization condition of the above ground state densities is given by:
g:47rr p* (r)rzdr, 15)
0

here p*(r) represents one of the following densities: nucleon, charge, core, halo densities. The rms radii of
corresponding above densities are given by [20]:

2\ /2 iy g 4
r =— rytdr, 16
(), = P ) (16)
where g is (proton, neutron or matter).

The PWBA was used to study the elastic electron scattering form factors from emitted by the nuclei under study.
The charge form factor in PWBA is [21]:

4 .
F@ =7 p@SinGnr drF @) F, @), (17)
where the nucleon finite size correction F (g) is defined [22]:

Fy@)=e""", (18)

where the free nucleon form factor F (q) for protons and neutrons is consider to be the same. According to [23], the
center of mass correction Fe, (g) is as follows:

F, ()=, (19)

where b : The harmonic-oscillator size parameter and 4 : The nuclear mass number.

As a result, when the shell model wave function is, removes F., (g) eliminates the spurious state caused by the
center of mass's motion. The form factor F(g) comprising the impact of two-body correlation functions may now be
calculated by entering the ground state (») of equation (6) into equation (14).

3. RESULTS AND DISCUSSION
The density distributions for (protons, neutrons, and matter) of the ground state of (**Al and ?’P) nuclei and rms
radii with the form factors F(g) were studied by the two body charge density distributions ( 2BCDD's) with effect short-
range and tensor force by using the two body oscillator model (core +1p) shell model with used parameters (bc), (bv),
and by relying on equations 6, 7, and 11.
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Table 1, summarizes some of the characteristics of halo nuclei [24,25]. The average radius of neutrons and protons
was calculated based on equations 6, 7, and 16, where we got the results shown in Table 2, when the full correlation
(r~0.5 fim, a =0.1) and without correlation (=0, a=0). It is found that the proton rms radius is larger than the neutron

rms radius.

Table 1. Some properties of 2*Al and ?’P nuclei

Exotic nucleus JI T [25] Nuclei core  J7, T [25] Half life time (712) [24] Separation energy (Mev)[24]
BAl 1/2%,3/2 2Mg 0+, 1 470 ms 0.141
27p 1/2%,3/2 265 0+, 1 260 ms 0.870

Table 2. The calculated neutrons and protons 7ms radii for nuclei (2*Al and 2’P)
Exotic nuclei Al
Proton size parameter by=2 fin Neutron size parameter bi=1.75 fin
() . 3.195974 (r) 2.669840
r.=0.5,a=0.1 r,=05,a=0.1
o) 3.203143 &) 2.667579
() [25] 3.1+0.25 (r2)  [25] 2.634+0.23
exp exp
12
(&) -0.0071 (12)” -0.0022
Exotic nuclei P
Proton size parameter bp=2.05 fin Neutron size parameter bi=1.73fin
) 3.395257 () 2.744588
r,=05,2=0.1 £, =05,a=0.1
L) 3.405219 Gy 2745390
(), [25] 3.22+0.163 (1) [25] 2754 +0.14
exp exp
12 1/2
() -0.0099 (). -0.0008

Table 3, shows the calculated rms radii for core nuclei (**Mg and 2°Si) with oscillator size parameter (b, =2.85,
187) for Mg and %°Si respectively, and exotic nuclei (**Al and ?’P) with oscillator size parameter (b,, =1.87, 2.015)
for?*Al and ?’P respectively with effects of the short-range (r.= 0.5 fin) and the tensor force (a= 0.1).

Table 3. The calculated core, valance and matter radii 7ms with experimental data for 2Al and ?’P nuclei

Halo nuclei Core b
nuclei
BAl1 2Mg 1.85
27p 265 1.87

by

3.85
35

b rms matter radii for core rms matter radii for halo nuclei
m 1/2 /2
nuclei <r2 >C (fin) <r2>hl (fin)
Calculated Experimental Calculated Experimental Data
results Data results
1.87 2.872617 2.78 £ 0.26 [26] 2.911843 2.905 +0.25 [26]
1.912 3.025680 2.88 £0.06 [27] 3.028345 3.02 +£0.155 [27]

The calculated results are in good agreement with the indicated experimental data [26,27]. The correlation short

1/2
range force with root mean square radii <r > . We note an increase in 7ms values with an increase in short-range

force by relying on equations (7, 8), as we showed in Table 4. Table 5, show correlation tensor force with rms radii

<r2> " . It is found to decrease rms values with increased tensor force by relying on equations (7, 9), and 11.

Table 4. The calculated of the rms radii with different values for the short-range correlations for 2Al and 2P nuclei

re (fm)

/2
<r2> 1 for AL nuclei

<r2> " for 2P nuclei

0.3
0.35
0.4
0.45
0.5
0.55

2.898914
2.899032
2.900136
2.903780
2.911843
2.923239

3.01684
3.016960
3.017976
3.021325
3.028711
3.039108
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Table 5. The calculated of the 7ms radii with different values for the tensor force correlations for 2*Al and 2P nuclei

a <r2> " for BAL nuclei <r2> " for 7P nuclei
0.07 2916419 3.032756
0.075 2915664 3.032097
0.08 2.914908 3.031432
0.085 2914147 3.030761
0.09 2.913382 3.030083
0.095 2912615 3.029400

0.1 2911843 3.028711

Figure 1 shows the relation between the two-body nucleon density distributions (2BNDD's) (in fin™) of the ground
state and r (in fin) for Al and ?’P nuclei. The blue curve represents 2BNDD's for the core nuclei Mg and 2°Si (proton
+ neutron) with oscillator size parameter (bc =2.85, 187) respectively. The green curve represents 2BNDD's for valence
(one proton) for 2Al and 27P nuclei with oscillator size parameter (bv=3.85, 3.5) respectively, while the red solid curve
represents the total calculation for the core nucleons and the valence one proton, and the shaded curve represents the
experimental of nucleon densities of 2*Al and ?’P respectively [25,26]. Figure 1 shows that the computed matter density
distributions show a long tail for all of these nuclei and shows that the halo phenomenon and the long tail in 2*Al and
7P are connected to the outer one proton for nucleon densities but not to the core nucleons, which is consistent with the

experimental data.

1T T L S | 1 — . —
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0.1 3 0.1
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Figure 1. Core, halo and matter density distribution of (**Al and ?’P).

Figure 2 illustrates a comparison of the matter density distributions of halo (3*Al and ?’P) (red line) with the matter
density distributions of the stable nuclei (*’Al and 3'P) (yellow line) by using 2BCDD's with the effect of short-range
and tensor force, we shown along tail is clearly in the matter distribution of the halo nuclei.

1 3 ) ) ) ) v ) ) 1 ) T T T v L
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Figure 2. Comparison of matter density distribution of exotic nuclei (>*Al and ?’P) with that of stable nuclei (*’Al and 3'P).
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Figure 3: The neutron (blue curves), proton (brown curves), and matter (red curves) show densities of *Al and %P,
respectively. The proton diffuseness is also larger than the neutron diffuseness in these nuclei. There is a large density
difference between the proton and neutron in 23Al and 2’P. The usual performance of the halo nucleus (i.c., the long tail)
is apparent in the proton density distributions (brown curves), as indicated by these figures. For 2*Al and ?'P, the
difference between the rms radii of the proton and the neutron is (7, - , = 0.52613, 0.65066 fin). This difference is also
supported by the halo structure of these alien cores.

It is seen from the Figure 4 a plotted for the elastic form factor versus q (in fin™!) for 2Al and ?’P calculated with
PWBA. The blue solid curve represents the form factor for 2BCDD's with (F#0, Fen #0) and oscillator size parameter
(b =1.87 fin for Al and b,=1.912 fin for 2’P), the red curve represents the form factor for 2BCDD's with correlation
and oscillator size parameter (b,, =1.87 fin for Al and b,=1.912 fim for 'P), (Fs = 0, F.» = 0) i.e the finite nucleon size
and the center of mass corrections doesn't take into account. The filled circle represents the experimental elastic form
factors of Al and 3'P [28]. The form factor is determined by the detailed properties of a single proton halo as well as
the difference, which is determined by the mass number and the size parameter bm. We obtain good agreement at the
momentum for g<3.6, and we note that the behavior of the theoretical results for halo nuclei (**Al and ?’P) matches the
practical results for stable nuclei (Al and 3'P).

1 T T

) v ) v ) ) v ) v E 1 T T T T T T
BA| 3 E
27P
0.1 — ity

E neutron density 3 01 — neutron density Y
— proton density ] —— proton density ]
— density of AI#® ] —— density of 77P 1
0.01 ; 3 0.01 3
= 1= ]
£ £ ]
£ 0001 1 £ ooo1f =
= E iz 3
o ~. ]
0.0001 3 0.0001 ¢ 3
1E-05 | E 1E-05 | 3

1E-06 1 . 1 1 1E-06 . 1 " 1 " 1 . 1 . 1
2 4 6 8 10 12 0 2 4 6 8 10 12

r(fm) r (fm)

Figure 3. Comparison of proton, neutron and matter densities for Al and 2’P halo
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Figure 4. The form factors for 2Al and ?’P nuclei with experimental data [28].

4. CONCLUSIONS
In this work, halo nuclei are known to have a valence of a proton, the halo of a proton occupies a 2s;,, orbital. The
measured material density of our halo nuclei showed a long-tailed behavior using the two-body nucleus density
distribution framework with two different oscillator size parameters b. and b, with tensor force effects (Increasing its
effect, the rms radii increases) and the short range (the increase its effect, the rms radii decreases), which are consistent
with the experimental data. The large variation in charge form factors between unstable nuclei (**Al and ?’P) and stable
isotopes (*’Al and 3'P) is due to the same charge distribution of the protons.
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Hocnipkenns popM-pakTopiB saep, 6araTux Ha MPOTOHH, CEpPeAHbOKBAPATUIHOTO pajiyca (CepeIHbOKBAAPATHIHOTO 3HAUCHHS) 1
PO3NOINY sIEpPHOT IIIBEHOCTI € HeHTpoM wLi€i pobotu mus saep (2Al i 27P), BUKOPHCTOBYEThCS [Ba PO3MOAIIM HILTLHOCTI 3apsmLy
(2BCDD). 3 edexramn cHIbHOI TEH30PHOI CHJIM Ta KOPOTKOAIT (yHKILSI pO3MOJiNy HYKIOHIB JABOX OCHHJIIOIOYHX TapMOHIHHHX
YaCTHHOK y JIBOYACTOTHIN MoJesi 000IOHKH MPALIOE 3 ABOMA Pi3HUMHU IapaMeTpamMu: be it BHYTPIlIHIX (sAepHUX) opOiT i bv mst
30BHILIHIX (raso) opbiraneid. Llg po6oTa MpojeMOHCTpyBaia iCHYBaHHS sIEP NPOTOHHOTO rano s saep (Al i 27P) B oGononui
(2s1/2), a obuucneHi poO3MOALIH TYCTHHU MPOTOHIB, HEUTPOHIB 1 PEYOBHHU [UIS LUX SAEP MOKA3AIM JOBIHU XBICT MPOAYKTHBHOCTI.
BukopuctoBytoun 60pHIBChKEe HAOMIKEHHS TUIOCKOT XBUIII, OyJIO PO3pax0OBaHO MPYKHUH (OpM-(PaKTOp PO3CIFOBaHHS €IEKTPOHA Bil
qy’>KOPIHOTO sinpa, el (GopM-(paKkTop 3aleXUTh BiJ PI3HUII B PO3MNOALTI T'YCTHHH HPOTOHIB OCTAHHBOTO NPOTOHA B siapi. Jlms
pO3paxyHKy HEHTpOHIB, TPOTOHIB, IIUIBHOCTI pEYOBMHH, (OpM-(paKTopa IpPYKHOTO PO3CIIOBAaHHS  EIEKTPOHIB 1
CepeHBOKBAIPATUYHUX PaJiyciB BHKOPUCTOBYBanacsi mporpama PowerStation Fortran 95. PospaxoBani pe3ynabTaTél Al IHX

eK30THYHUX sIJiep J00pe y3roUKYIOThCs 3 eKCIIEPUMEHTAIBHUMHU JTaHUMH.
KuarouoBi cioBa: exzomuuni siopa; popm-gpakmop,; 6azamonpomonni s0pa;, cepeonbokeadpamuyti paoiycu





