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Abstract Key words 

    The ground state proton, neutron and matter densities and 
corresponding root mean square radii of unstable proton-rich Ne17  
and P27  exotic nuclei are studied via the framework of the two-
frequency shell model. The single particle harmonic oscillator wave 
functions are used in this model with two different oscillator size 
parameters coreb  and ,halob  the former for the core (inner) orbits 

whereas the latter for the halo (outer) orbits. Shell model calculations 
for core nucleons and for outer (halo) nucleons in exotic nuclei are 
performed individually via the computer code OXBASH. Halo 
structure of Ne17  and P27  nuclei is confirmed. It is found that the 
structure of Ne17  and P27  nuclei have 2

2/5 )1( d  and 2/12s -dominant 

configurations, respectively. Elastic electron scattering form factors 
of these exotic nuclei are also studied using the plane wave Born 
approximation. Effects of the long tail behavior of the proton density 
distribution on the proton form factors of Ne17  and P27  are 
analyzed. It is found that the difference between the proton form 
factor of Ne17  and that of stable Ne20  (or of P27  and that of stable 

)31P  comes from the difference in the proton density distribution of 
the last two protons (or of the last proton) in the two nuclei. It is 
concluded that elastic electron scattering will be an efficient tool (in 
the near future) to examine proton-halo phenomena of proton-rich 
nuclei. 
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   27P  و 17Neالأستطارة الألكترونية المرنة من النوى الغريبة 

  اركان رفعة رضا، رعد عبد الكريم راضي، عادل خلف حمودي

  العراق، بغداد، جامعة بغداد، كلية العلوم، قسم الفيزياء

   الخلاصة
تم دراسة توزيعات الكثافة البروتونية والنيوترونية والكتلية بالأضافة الى أنصاف الأقطار المقابلة لھا للنواتين     

تم أستخدم الدوال . من خلال أنموذج القشرة ذو معلمي التردد 27Pو   17Neغير المستقرتين الغنيتين بالبروتونات
، bhaloو  bcoreفي ھذا الأنموذج مع قيمتين مختلفتين للثابت التوافقي الموجية للمتذبذب التوافقي للجسيمة المفردة 

حسابات أنموذج القشرة لنيوكليونات ). الخارجي(بينما الأخير لمدارات الھالة ) الداخلي(السابق لمدارات القلب 
أوكسباش للنواتين الغريبتين تمت على انفراد من خلال برنامج ) الھالة(القلب وللنيوكليونات الخارجية 

)Oxbash .( 17أكد تركيب الھالة للنواتينNe  27وP . 17وجد بأن تركيب النواتينNe  27وP  لھا التشكيلات
(1d5/2)المھيمنة 

كما وتم دراسة عوامل التشكل للأستطارة الألكترونية المرنة لھاتين   .على التوالي 2s1/2و  2
وتم تحليل تأثير سلوك المركبة الطويلة لتوزيع الكثافة . النواتين الغريبتين بأستخدام تقريب بورن للموجة المستوية

 17Neامل التشكل ووجد بأن الأختلاف بين عو. 27Pو  17Neالبروتونية على عوامل التشكل البروتونية للنواتين 
يأتي من الأختلاف في توزيع الكثافة البروتونية ) 31Pوتلك للنواة المستقرة  27Pأو ( 20Neوتلك المحسوبة 

يستنتج مما سبق بأن الأستطارة الألكترونية المرنة . في كلا النواتين) أو للبروتون الأخير(للبروتونين الأخيرين 
  .البروتون للنوى الغنية بالبروتونات-لأختبار ظواھر ھالة) في المستقبل القريب(ستكون أداة فعالة 
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Introduction 
     The detection of the neutron halo 
(in 1985) in exotic neutron-rich nuclei, 
investigations on halo phenomena [1-
4] have grown to be a hot subject in 
nuclear physics. Halo nuclei have 
extraordinary large root mean square 
(rms) radii of matter density 
distribution. The reason of occurrence 
of the halo phenomenon is attributed to 
both of; the small separation energy of 
the outer few nucleons and their 
occupation on orbits with low angular 
momentum. Numerous experiments [5-
7] were carried out to investigate the 
neutron halo in neutron-rich nuclei, 
where neutron halo nuclei are well 
recognized in the region of light mass. 
Theoretically, different models [8-13] 
were used to study the neutron halo in 
exotic nuclei BBeLiHe 1714,11118,6 ,,,  

and .19C  
     While the neutron halo was well 
studied in neutron-rich nuclei, 
investigations on proton halo are 
comparatively less. Theoretically, 
many attempts were made to look for 
proton halo in proton drip-line nuclei. 
Calculations using different models 
[14, 15] demonstrate that there may be 
proton halo in the ground state of 

NeBP 1782726 ,,  and in the excited 

state of Li6  and .17 F  The occurrence 
of the proton halo in P26  and S27  was 
firstly predicted by Ren et al. [14]. 
Brown and Hansen [15] also studied 
the halo phenomena in P2726  and 

S2826  isotopes and found that these 
isotopes are well applicants for proton 
halo nuclei. Experiments [16-20] as 
well demonstrate some signs of the 
presence of proton halo in these nuclei. 
However, more experiments are 
required to verify the presence of the 
proton halo. 
     The proton drip-line nucleus Ne17  
is an attractive but relatively poorly 
studied system. It has a Borromean 
binding structure, where none of the 

binary subsystems )(15 ppO   are 

bound. The Ne17  nucleus has attracted 
attention as well because of the 
possibility of two proton emission 
from excited states [21]. The two 
proton halo structure of Ne17  was 
originally suggested by Zhukov and 
Thompson [22]. Recently, Tanaka et 
al. [23] have deduced the density 
distribution of Ne17  from their 
measurement of reaction cross sections 
through a modified Glauber-type 
model, they have indicated that Ne17  
has a long tail in the density and a 

2
2/1 )2( s -dominant configuration of 

two outer protons. Outcomes of 
theoretical studies of Ne17  are 
controversial. Calculations of Refs [24, 
25] indicate that the structure of Ne17  
has a 2

2/1 )2( s -dominant configuration. 

The three-body model calculations 
carried out by Garrido et al. [26, 27] 
suggest that there are almost equal 
occupation probabilities of 2

2/1 )2( s  

and 2
2/5 )1( d  levels. Calculations of 

Fourtune et al. [28, 29] suggest that the 
structure of Ne17  has a 2

2/5 )1( d -

dominant configuration. Moreover, 
calculations of reaction cross sections, 
using a Hartree-Fock type wave 
function and Glauber model, 
performed by Kitagawa et al. [30] also 
propose that the structure of Ne17   has 
a 2

2/5 )1( d -dominant configuration. 

     The current experimental technique 
for recognizing neutron halo and 
proton halo are mostly based on the 
measurement of reaction cross sections 
of the nucleus-nucleus collision and of 
the momentum distributions of nucleus 
breakup. There are complex processes 
where the strong and electromagnetic 
interactions among nucleons play a 
role. Despite the fact that this type of 
experiments has achieved most 
important success for halo phenomena, 
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it is motivating to look for a new probe 
to refine the study of proton halo in 
proton rich-nuclei. Electron-nucleus 
scattering has confirmed to be a 
tremendous tool for the study of 
nuclear structure, particularly for the 
study of electromagnetic properties of 
nuclei. It has given much consistent 
information on proton density 
distributions of stable nuclei. The 
physics of this process is very simple 
because the electromagnetic interaction 
is the only interaction found between 
an electron and target nucleus. 
Therefore, we regard that the electron-
nucleus scattering is a better technique 
for the accurate study of the long tail 
behavior presented in the proton 
density distribution of the exotic 
proton-rich nuclei. However, electron 
scattering on exotic nuclei was not 
feasible in the past because of the 
complexity of manufacture targets 
from unstable nuclei. The construction 
of new colliders of electron and 
unstable nucleus at RIKEN in Japan 
[31] and at GSI in Germany [32] will 
give a good opportunity to investigate 
the proton density distributions of 
unstable exotic nuclei by elastic 
electron scattering. Thus, it is 
motivating to do an exploratory study 
of elastic electron scattering from 
proton-rich nuclei. 
     There has been no detailed study of 
elastic electron scattering, in terms of 
the two frequency shell-model, on 
unstable proton-rich exotic nuclei. We 
thus, in the present study, investigate 
the proton form factor of Ne17  and 

P27  exotic nuclei through combining 
the proton density distribution, 
obtained by the two-frequency shell 
model, with the plane wave Born 
approximation. Effects of the long tail 
behavior of the proton density 
distribution on the proton form factors 
of Ne17  and P27  exotic nuclei are 
investigated. We find that the 

difference between the proton form 
factor of Ne17  and that of stable Ne20  
(or of P27  and that of stable )31P  
comes from the difference in the 
proton density distribution of the last 
two protons (or of the last proton) in 
the two nuclei. We confirm the halo 
structure of Ne17  and P27  nuclei and 
find that their structures have 2

2/5 )1( d  

and 2/12s -dominant configurations, 

respectively. 

Theory 
     The one-body operator of the 
longitudinal transition density for point 
protons (with isospin )2/1zt  or 

neutrons ( )2/1zt  is given by [33] 

),(
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)(ˆ ,
1

2, kJz rMJ

A
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 In Eq. (1), L  is written above the 
operator L

tJ z,ˆ  to remind us that we 

use a longitudinal operator, 
)(, kJ rMJY 

  and )( krr


  are the 

spherical harmonic and Dirac delta 
functions, respectively. Finally, kr  and 

kr
 represent position and solid angle 

for k’s nucleon in position coordinate. 
The multipolarity J  of the transition 
is restricted by the following angular 
momentum and parity selection rules: 
 
     fifi JJJJJ _  

and 
     J

fi
 )1(     (for Coulomb 

transitions). 
The reduced matrix element of the 
longitudinal transition density 
operator, Eq. (1), can now be 
expressed as [33] 
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where a  and b  label single-particle 
states for the considered shell model 
space and are specified by  

,pppp mjlnp    (the state p  

represents either a or b). 
The states iJ  and fJ  are 

characterized by the model space wave 
functions. In Eq. (2), )(rR

ppln  is the 

radial part of the harmonic oscillator 
wave function, bJa jYj   is the 

reduced matrix element of the 
spherical harmonic and 

),,,,,( zif tbaJJJOBDM   is the 

proton ( )2/1zt  or neutron                   

( )2/1zt  one  body   density  matrix  
 

 
element given by the second 
quantization as [33] 
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     As the spsdpf-, sd- and p-shell wave 
functions (generated in the present 
study with WBP [34], USD [35] and 
CKI [36] interactions, respectively) 
have good isospin, it is appropriate to 
evaluate the OBDM elements by means 
of isospin-reduced matrix elements. 
The relation between these triply 
reduced OBDM and the proton or 
neutron OBDM of Eq. (2) is given by 
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where iT  and fT  are the total initial 

and final isospin of the nuclear system 
under study. zT  is the projection of the 
total isospin and is given by 

2

NZ
Tz


 where Z  and N are the 

atomic  and   neutron  numbers  of  the  
 

nuclear system under study. These 
triply reduced )( TOBDM                     
( )0( TOBDM  is called isoscalar 
and )1( TOBDM  is called 
isovector) elements in Eq. (4) are given 
in terms of the second quantization as  
     

 
1212

~

),,,,,(

,




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i
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                                                         (5) 

 
Here, Greek symbols are utilized to 
indicate quantum numbers in 
coordinate space and isospace (i.e., 

iii TJ  and ).fff TJ  

     The )( TOBDM   elements contain 
all of the information about transitions 
of given multipolarities which are 
embedded in the model wave 

functions. To obtain these OBDM 
elements, we perform shell model 
calculations using realistic effective 
interactions.  
     For the ground state density 
distribution, we have .0,  JJJ fi  

Therefore, Eq. (2) becomes as 
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     As halo nuclei, which are our 
investigated subject of the present 
study, are oversized and easily broken 
systems consisting of a compact core 
plus a number of outer nucleons 
loosely bound and spatially extended 
far from the core, it is suitable to 
separate the ground state density 
distribution of Eq. (6) into two parts. 
The first part is connected to the core 
nucleons while the second is connected 
to the halo (outer) nucleons, i.e. 

).()()( rrr halocore
m                 (7) 

 
Moreover, Eq. (6) may also be 
expressed as 

),()()( rrr npm                       (8) 

 
where )(rp  and )(rn  are the 

ground state proton and neutron 
densities of halo nuclei expressed as 

)()()( rrr halo
p

core
pp                  (9) 

and 
 ).()()( rrr halo

n
core
nn              (10) 

 
     The normalization condition of the 
above ground state densities is given 
by 

 



0

2 .)(4 drrrg g                       (11) 

Here, )(rg  represents one of the 

following densities: ),(rm  ),(rcore  

),(rhalo  ),(rp  ).(rn  In that case,  

the parameter g  [presented in the 
L.H.S. of  Eq. (11)] represents, 
correspondingly, one of the following 
quantities: the nuclear mass (A), the 
number of core nucleons, the number 
of halo nucleons, the total number of 
protons and the total number of 
neutrons of halo nuclei. The rms radii 

of corresponding above densities are 
given by 





0

42/12 .)(
4

drrr
g

r g
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           (12) 

     Next we use the plane wave Born 
approximation (PWBA) to study the 
elastic electron scattering form factors 
from considered nuclei. In the PWBA, 
the incident and scattered electron 
waves are represented by plane waves. 
The elastic proton form factor is 
simply given by the Fourier-Bessel 
transform of the ground state proton 
density distribution, i.e. 





0

2
0 )()(

4
)( drrqrjr

Z
qF p


       (13) 

where )(0 qrj  is the spherical Bessel 

function of order zero and q is the 
momentum transfer from the incident 
electron to the target nucleus. 
     In the limit ,0q  the target 
nucleus will be characterized as a point 
particle. Accordingly, using Eq. (13) 
with the help of Eq. (9), the proton 
form factor of this target nucleus will 
be equal to unity (i.e. 1)0( qF ). 
 
Results and discussion 
     The method of two-frequency shell 
model [37] is employed to study the 
ground state proton, neutron and 
matter density distributions, the root 
mean square proton, neutron and 
matter radii and elastic proton form 
factors of unstable Ne17  

)2/3,2/1,( TJ   and P27  

)2/3,2/1,( TJ   nuclei. The single 
particle harmonic oscillator wave 
functions are used with two different 
oscillator size parameters coreb  and 

.halob  In this study, both coreb  and halob  

are considered as free parameters to be 
adjusted so as to reproduce the 
experimental root mean square radii of 
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core and halo (exotic) nuclei, 
respectively. To obtain the one body 
density matrix (OBDM) elements and 
occupation numbers of states for core 
and halo parts (required for 
calculations of the core and halo 
densities), we perform shell model 
calculations via the computer code 
OXBASH [38]. 
     Shell model calculations for O15 -
core and for the outer (halo) two 
protons in Ne17  are performed 
individually in p1  and ds12 -model 
spaces, respectively. Realistic 
interactions of Cohen-Kurath (CKI) 
[36] and Brown-Wildenthal (USD) 
[35] are used for the O15 -core and for 
the outer two protons, respectively. For 

Si26 -core of ,27 P  we perform shell 
model calculations in the spsdpf -
model space with 0  truncations 
using the realistic interaction of WBP 
[34]. Here, we consider a simple 
calculations by assuming that the orbits 

2/32/1 1,1 ps  and 2/11p  are filled while 

the orbit 2/51d  is occupied by 10 

nucleons (6 protons and 4 neutrons). 
However, the outer (halo) proton in 

P27  is assumed to occupy the orbit 
.2 2/1s  

     The proton drip-line Ne17  has a 
Borromean binding structure. The 
outer two protons are weakly bound      
( pS2 0.93 MeV). To reproduce the 

experimental root mean square radii of 
O15 -core and halo nucleus ,17 Ne  we 

choose values for oscillator size 
parameters 61.1coreb  fm and 

63.2halob  fm. The calculated rms 

matter radius of O15  is 2.406 fm, in 
agreement with the experimental value 
of 04.044.2   fm [39]. The calculated 
rms proton, neutron and matter radii of 

Ne17  nucleus are 3.084 fm, 2.394 fm 
and 2.821 fm, respectively while those 
of experimental data [40] are, 

correspondingly, 07.097.2   fm 
07.069.2   fm and 07.075.2   fm. 

The comparison demonstrates a 
reasonable agreement between the 
calculated and the experimental rms 
radii of .17 Ne  The difference between 
the calculated overall proton and 
neutron rms radii is 0.690 fm. This 
difference indicates a definite degree 
of halo structure. 
     For ,27 P  the outer proton is 

inadequately bound ( pS 0.9 MeV). 

Here, we select values for 785.1coreb  

fm and 25.3halob  fm. Our 

calculations give result of 2.949 fm for 
the rms matter radius of Si26 -core 
nucleus. The calculated rms proton, 
neutron and matter radii of P27  are 
3.278, 2.915 and 3.122 fm whereas 
those of experimental data [17] are, 
respectively, 3.220 0.163, 2.754
0.14 and 3.020 0.155 fm. The 
comparison shows a good agreement 
between the calculated rms radii and 
those of experimental one. The 
difference between the calculated 
overall proton and neutron rms radii is 
0.363 fm. This difference gives a sign 
for the existence of the halo structure 
in P27  nucleus. 
     The matter density )(rm  (in fm-3) 

of Ne17  and P27  are plotted, 
respectively, in Figs. 1(a) and 1(b) as a 
function of r  (in fm). In Fig. 1(a), the 
solid line is the calculated matter 
density obtained with the assumption 
that the outer two protons in Ne17  
move in the ds12 -model space. Here, 
the OBDM elements of the outer two 
protons (needed for calculations of the 
halo density) are calculated by means 
of the realistic interaction USD [35]. 
The dashed and dash-dotted lines are 
the calculated matter densities when 
the outer two protons are in the pure 

2/51d  and pure ,2 2/1s  respectively. The 

filled circles are the experimental 
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matter densities deduced from the 
Glauber model using the fitting 
procedure with (HO+HO) density 
function [23]. It is clear that both the 
solid and the dashed distributions, in 
which their behavior is nearly the same 
throughout the whole range of the data, 
are better in describing the fitted data 
than the dash-dotted one. Besides, the 
long tail behavior, which is a 
distinctive feature of halo nuclei, is 
evidently revealed in these calculated 
distributions. The ground state 
occupation numbers of the outer two 
protons in ,17 Ne  obtained by the ds12
-shell model calculations using the 
realistic interaction of USD, are 1.579, 
0.120 and 0.301 for 2

2/3
2

2/5 )1(,)1( dd  

and 2
2/1 )2( s  configurations, 

respectively. Inspection of these 
occupation    numbers    and   also    of  
calculated matter densities shown in 
Fig. 1(a) leads to the conclusion that 
the structure of the Ne17  nucleus has a 

2
2/5 )1( d -dominant configuration. This 

dominancy, in agreement with the 
studies [28-30], may be attributed to 

the change of the shell structure in the 
proton-rich Ne17  nucleus (i.e., the 
level inversion between 2/12s  and 

)1 2/5d  as suggested by Ref [23]. 

     In Fig. 1(b), the ground state matter 
density distribution of P27  is 
calculated by assuming that the outer 
proton moves in the pure 2/12s  

(denoted by the solid line). The fitted 
to the experimental matter densities 
(denoted by filled circles) [41], 
deduced from the Glauber model with 
HO-type core plus Yukawa-square tail 
for the proton density distribution, are 
also displayed in this figure for 
comparison. Again the long tail 
behavior, which is a distinguishing 
signal of halo nuclei, is markedly 
exposed in the solid line. This gives an 
indication that the structure of the P27  
nucleus has a 2/12s dominant 

configuration. Moreover, the solid 
distribution shows a good agreement 
with the fitted to the experimental one 
throughout the whole range of the data. 
 

 

  
Fig.1: The dependence of matter density distributions (in fm-3) of Ne17  (a) and P27  (b) on 
r  (in fm). In (a), the solid line corresponds to the density calculated when the outer two 

protons in Ne17  move within the sd model space, the dashed and dash-dotted lines 
correspond to densities calculated when the outer two protons move in the pure 2/51d  and 

pure ,2 2/1s  respectively. In (b), the solid line corresponds to the density calculated when 

the outer proton in P27  moves in the pure .2 2/1s  The filled circles in (a) and (b) 

correspond to experimental densities deduced from Glauber model by Refs. [23] and [41], 
respectively. 
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     In Fig. 2(a), we repeat the 
calculations exactly as in Fig. 1(a) but 
this time for the proton )(rp  and 

neutron )(rn  density distributions of 

.17 Ne  The solid, dashed and dash-
dotted lines are the calculated proton 
density distributions of Ne17  when the 
outer two protons move in the ds12 -
model space, pure 2/51d  and pure 

,2 2/1s  respectively. The plus symbols 

are the calculated neutron density 
distribution. It is clear that the 
performance of the solid, dashed and 
dash-dotted distributions shown in 
Fig.2(a) is almost identical along all 
range of considered .r  For a second 
time, the long tail behavior (which is a 
characteristic mark of halo nuclei) is 
noticeably seen in these distributions 
of proton densities. This behavior is 
related to the existence of the outer two 
protons of Ne17  in the halo orbits. 
     In Fig. 2(b), we do again 
calculations precisely as in Fig. 1(b) 

but now for the proton )(rp  and 

neutron )(rn  distributions of .27 P  

The solid distribution is the calculated 
proton density distribution when the 
outer proton of P27  moves in the pure 

2/12s . The plus symbols are the 

calculated neutron density distribution.  
Once more, the long tail behavior is 
apparently seen in the solid distribution 
of the proton density. This behavior is 
associated to the existence of the outer 
proton of P27  in the halo orbits. 
     The calculated neutron )(rn  

density distributions of Ne17  and P27  
shown in Figs. 2(a) and 2(b) 
demonstrate a steep slope behavior 
because there are no neutrons found in 
the halo orbits (all neutrons of Ne17  
and P27  are found within their core 
only). It is useful to remark that the 
halo phenomenon in Ne17  and P27  is 
connected to the matter and proton 
densities but not to the neutron density. 
  

 

Fig. 2: The dependence of proton and neutron density distributions (in fm-3) of Ne17  (a) 

and P27  (b) on r  (in fm). In (a), the solid, dashed and dash-dotted lines are the same as 
those of Fig. 1 (a) but for the calculated proton density distributions. In (b), the solid line is 
the same as that of Fig. 1 (b) but for the calculated proton density distribution. In (a) and 

(b), the plus symbols are the neutron densities of unstable proton-rich Ne17  and P27  
nuclei. 
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     In Figs. 3(a) and 3(b), we present 
the proton density distributions of 

Ne17,20  and ,27,31 P  respectively. Here, 

the distributions of unstable Ne17  and 
P27  (displayed by the solid lines) are 

those of Figs. 2(a) and 2(b), 
respectively. The proton density 
distributions of stable Ne20  and P31  
nuclei (revealed by the dashed lines) 
are calculated on the basis that the 
nucleus Ne20  consists of a core of O16  
and the remaining 4 nucleons (2 
protons and 2 neutrons) move in the 

ds12 -model space while the nucleus 
P31  forms from the core of Si28  and 

the remaining 3 particles (1 protons 
and 2 neutrons) move in the HASP-
model space. Shell model calculations 
for Ne20  and P31  are then performed 
using USD [35] and HASP [42] 
effective interactions, respectively. The 
harmonic oscillator size parameters b  
are chosen so as to reproduce the 
experimental rms proton radii of stable 

Ne20  and P31  nuclei. Here, we choose 
892.1b  and 1.885 fm for stable 

Ne20  and P31  nuclei, respectively. 
     It is so clear from Fig. 3(a) that the 
proton density distributions of Ne17  

and Ne20  nuclei are diverse even 
though the two nuclei have the same 
proton number. As the outer two 
protons in Ne17  are weakly bound, the 
proton density distribution of Ne17  has 
a longer tail than that of Ne20  nucleus. 
This can be seen obviously from the 
comparison of the proton density 
distributions of these nuclei shown in 
Fig. 3(a). The same argument can be 
drawn from the proton density 
distributions of P27  and P31  shown in 
Fig. 3(b). The weak binding of the last 
(outer) proton in P27  leads to the 
extended proton density distribution. 
This can be noticed visibly from the 
proton density distributions shown in 
Fig. 3(b). 
     To seek out if the long tail behavior 
of the proton density distribution of the 
proton- rich nuclei demonstrates 
noticeable effects in the process of 
elastic electron scattering, elastic 
proton form factors for unstable 
proton-rich ),( 2717 PNe  nuclei and their 

stable isotopes ),( 3120 PNe  are 
calculated by means of the Plane Wave 
Born Approximation (PWBA). 
 

  

Fig. 3: The dependence of proton density distributions (in fm-3) of Ne17,20  (a) and P27,31  

(b) on r  (in fm). In (a) and (b), the solid lines are the proton density distributions of Ne17  

and P27  whereas the dashed lines are those of stable isotopes Ne20  and .31P  
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     In Figs. 4(a) and 4(b), we exhibit 
the dependence of the squared proton 

form factor 
2

)(qF  on the momentum 

transfer q  (in fm-1), where the input 
proton density distributions are those 
of Figs. 3(a) and 3(b), respectively. 
The calculated form factors of the 
unstable ),( 2717 PNe  and stable 

),( 3120 PNe   nuclei are displayed by the 
solid  and dashed lines, respectively. 
The experimental elastic charge form 
factors of stable Ne20  [43] and P31  
[44] are displayed by open circles for 
comparison. Before we investigate the 
outcome of the long tail behavior of 
the proton density distribution of 
unstable Ne17  and P27  on the elastic 
electron scattering proton form factors, 
we require examining the validity of 
the PWBA to the elastic electron-
nucleus scattering. For this aim we 
compare the calculated elastic proton 
form factors of stable Ne20  and P31  
with those of experimental data. Figs. 
4(a) and 4(b) demonstrate that both the 
behavior and the magnitude of the 
calculated proton form factors (the 
dashed line) for Ne20  and P31  are in 
good agreement with all experimental 
data, where the available data for Ne20  
and P31  cover only the range of 
momentum transfer 2q  fm-1 and 

3q  fm-1, respectively. However, this 
comparison gives the conclusion that 
the PWBA can reproduce the 
experimental data of elastic electron 
scattering on the stable Ne20  and .31P  
     It is so apparent from Fig. 4(a) that 
there are important diversities between 
the calculated form factors of the 
unstable Ne17  (the solid line) and 
stable Ne20  (the dashed line). It is 
clear that each of the solid line and the 
dashed line has only one diffraction 
minimum (located at 8.1q   and 1.45 
fm-1, respectively) and one maximum 
(located at 15.2q  and 1.75 fm-1, 

respectively). The position of the 
diffraction minimum of Ne17  has        
an outward shift (approximately                    
0.35 fm-1) as compared with the 
diffraction minimum of .20 Ne  Besides, 
the amplitude has an important 
deviation. For a particular momentum 
transfer 15.2q  fm-1, the amplitude 
deviation of the form factors of        

Ne17  and Ne20  is nearly 

.10302.0)( 32  qF  

     It is so clear from Fig. 4(b) that 
there are significant differences 
between the calculated form factors of 

P27  (the solid line) and P31  (the 
dashed line). As we can see that each 
of the solid line and the dashed line has 
two diffraction minima (located 
approximately at 4.1q  and 2.75 fm-1 

for P27  and at 3.1q  and 2.25 fm-1 

for )31P  and two maxima (located 
approximately at 7.1q  and 2.9 fm-1 

for P27  and at 55.1q  and 2.6 fm-1 

for ).31P  The location of the first and 

the second minimum of P27  has an 
outward shift (approximately 0.1 and 
0.5 fm-1, respectively) as compared 
with the first and the second minimum 
of .31P  The amplitude deviation of the 
form factors of P27  and P31  at the 
momentum transfer, for example, 

7.1q  and 2.9 fm-1 are approximately 
32

10549.0)(  qF and ,10175.0 5  

respectively. 
     As we have mentioned before that 
the elastic proton form factor in the 
nucleus is simply connected to its 
proton density distribution. For that 
reason, the difference between the 
proton form factor of Ne17  and that of 

Ne20  (or P27  and that of )31P  is 
owing to the different proton density 
distributions of the two nuclei. 
Because the difference of the proton 
density distribution between Ne17  and 
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Ne20  (or between P27  and )31P  is 
essentially caused by the difference of 
the proton density distribution of the 
last two protons in Ne17  and Ne20  (or 
last proton in P27  and ),31P  we 
attribute the difference between the 
proton form factor of the unstable and 
stable nuclei to the different proton 
density distribution of the last two 
protons in Ne17  and Ne20  (or of the 
last proton in P27  and )31P . 
     To analyze the effect of the long tail 
of the proton density distributions on 
elastic electron-nucleus scattering, we 
require identifying which part of the 
form factor is responsive to the tail of 
the proton density distribution. It is 
recognized from the fitting to the 
experimental data of C12  [45] and S32  
[46] that the form factors in the region 
of momentum  transfer   31  q   fm-1  

are responsive to the change of the tail 
part of the proton density distribution, 
whereas those at the region of high 
momentum transfer 3q  fm-1 are 
responsive to the change of the central 
part of the proton density distribution. 
It is expected that the conclusions of 

C12  [45] and S32  [46] work as well for 
Ne  and P  isotopes. Therefore, we 
may attribute the difference of the 
calculated form factors at 31  q  fm-

1 between Ne17  and Ne20  [Fig. 4(a)] 
and between P27  and P31  [Fig. 4(b)] 
to the influence of the long tail of the 
proton density distributions of Ne17  
and P27  while those at 3q  fm-1 to 
the influence of the proton density 
differences at the central parts of these 
isotopes. 
 

 

 

Fig. 4: The dependence of the squared proton form factor 
2

)(qF  of Ne20,17  (a) and 

P31,27  (b) on the momentum transfer q  (in fm-1). Here, the input proton density 
distributions are those of Figs. 3(a) and 3(b), respectively. In (a) and (b), the solid lines are 

the squared proton form factors of unstable proton-rich Ne17  and P27  nuclei while the 

dashed lines are those of stable Ne20  and P31  nuclei. The open circles in (a) and (b) are 

the experimental charge form factors of Ne20  and P31  taken from Refs. [42] and [43], 
respectively. 
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Conclusions 
     The ground state proton, neutron 
and matter density distributions and 
corresponding rms radii of unstable 
proton-rich Ne17  and P27  exotic nuclei 
are investigated using the two-
frequency shell model approach. 
Elastic electron scattering of these 
exotic nuclei are also investigated 
through combining the proton density 
distribution, obtained by the two-
frequency shell model with the PWBA. 
The long tail behavior, considered as a 
distinctive feature of halo nuclei, is 
evidently revealed in the calculated 
proton and matter density distributions 
of Ne17  and P27  nuclei. Besides, the 
noticeable difference that is found 
between the calculated overall proton 
and neutron rms radii of Ne17  and P27  
nuclei also indicates a definite degree 
of halo structure. It is found that the 
structures of Ne17  and P27  nuclei   
have 2

2/5 )1( d  and 2/12s -dominant 

configurations, respectively. It is also 
found that the difference between the 
proton form factor of Ne17  and that of 

Ne20  (or of P27  and that of )31P  is 
generally caused by the difference in 
the proton density distribution of the 
last two protons (or of the last proton) 
in the two nuclei. Moreover, it is found 
that the difference between the proton 
form factor of the above unstable and 
stable isotopes at the region 31  q  
fm-1 is mainly caused by the influence 
of the long tail behavior presented in 
the proton density distributions of 
unstable nuclei while that at the region 
of 3q  fm-1 to the influence of the 
proton density differences at the 
central parts of these isotopes. Because 
the difference of the proton form 
factors between the stable nucleus and 
its proton drip-line isotope has 
observable effects, we regard that 
elastic electron scattering is an 

efficient tool to examine proton-halo 
phenomena of proton-rich nuclei. 
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