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A comparison between deuteron and alpha particle, has been done from many 

aspects. Different comparative methods have been used to study alpha and deuteron 

properties. Diffraction model has been applied to deuteron and alpha particles. The 

radial region of sensitivity has been tested using the distance of the closest approach 

where Notch test was applied to study the sensitivity of the optical model parameters. 

The reaction cross section and reflexion coefficients ηL of the deuteron and alpha 

elastically scattered by light nuclei (6,7Li, 9Be and 11B) have been used for the 

comparison between the two projectiles under consideration. The imaginary 

potentials for deuteron and alpha elastically scattered by 7Li has been used also, to 

study the difference between alpha and the deuteron. It was observed that deuteron 

has a signature of halo properties. 
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1.  INTRODUCTION 

Deuteron and alpha nuclei are used as projectiles to 

examine the cluster structure of light nuclei. It is well-

known that the light nuclei tend to form clusters, as in 

the case of 6Li≡α+d, and 7Li≡α+t, and 9Be≡5He+4He [1]. 

Studying the light nuclei can help nuclear scientists to 

understand the structure of the nucleus and the 

mechanisms of nuclear reactions. The 6Li(p,γ)7Be 

reaction [2] could be used to interpret the abundance of 
6Li in the universe. As the reaction 6Li(p,γ)7Be takes 

place in the universe, the percent of 7Be increases where 
6Li decreases. Obtaining information about the cluster 

structures of light nuclei, such as 6,7Li, 7,9Be and 10,11B is 

still a rich field. In a contrast to α-particles, deuterons are 

loosely bound nuclei with a very low binding energy 

(2.22 - 2.42MeV) [3-4] with a deformed shape.  

The scattering cross sections of weakly bound projectiles 

like deuterons are found to behave significantly differently 

than tightly bound projectiles like alpha [5]. The binding 

energy and angular momentum are responsible for the form 

of the wave function, which extends to very large radii in the 

case of weakly bound projectiles (deuterons) where the 

Schrodinger equation could be expressed as: (𝐸 − 𝜀𝑛 −

𝑇𝑎𝐴(𝑅𝛼))⟨𝜙𝑏𝑥
𝑛 𝑅𝛼 ∣ Ψ𝑗in(+)⟩ − ∑𝜎‾ ′  𝑈𝛼‾ ,𝛼‾ ′(𝑅)⟨𝜙𝑏𝑥

𝑛′
𝑅𝛼′ ∣

Ψ𝑗in(+)⟩ = 0 where 𝜀𝑛 is the binding energy and 𝛼 is the 

orbital angular momentum [6].  The elastic scattering 

calculations of deuterons show that the total cross 

section is substantially higher than the calculated total 

cross section of alpha as a projectile on similar mass 

targets [7]. 

Even with the argument mentioned by Berezhnoy et 

al. 2005 [8], the situation cannot be explained as long 

range Van der Waals field. In the nucleus, nuclear field 

is governed by mesons with short range color force. 

The shape and binding energy of the deuteron and 

alpha nuclei produce an opportunity to compare them 

from different aspects such as cross section,           

reflection coefficient, breakup, and optical parameters. 

We expect that the low binding energy of deuterons 

(breakup) is responsible for the high calculated        

cross section observed in the case of deuterons 

elastically scattered by light nuclei. The experimental 

data used in the present work is available at the cited 

source [9].   

In this work some properties of deuteron and alpha-

particle using results in references [2] and [7] are 

studied. In these two papers, elastic scattering of 

deuteron and alpha-particles from a few light nuclei 

(6,7Li, 9Be and 11B) are studying by means of optical 

model (OM).  
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2. RESULTS AND DISCUSSIONS 

a. Diffraction model application to deuteron and 

alpha projectiles  

The diffraction model use the following relation to 

calculate the radius of the nucleus [10]: 

𝑅 =  
1.22𝜆

2 sin (𝜃)
                                     (1) 

where 𝜃  is the angle of the first minimum, 𝜆 =
ℎ

𝑚𝑣
 is the 

de Broglie wave length and R is radius of the nucleus. 

We will apply this equation for deuteron and alpha for 

the ground and the excited states. For alpha as projectile: 

𝑅𝑑𝑖𝑓𝑓(𝛼) =  
0.612 ℎ

𝑚𝛼 𝑣𝛼 sin (𝜃𝛼)
  , 𝑅𝑑𝑖𝑓𝑓(𝛼) =  

0.612 ℎ

√2 𝐸𝛼𝑚𝛼 
2  sin (𝜃𝛼)

  (2)  

The same form of equation (2) could be applied to the 

deuteron as a projectile. Where Eα(Ed), mα( md) and 

Ɵα(Ɵd) are the incident energy of alpha (deuteron), mass 

of alpha (deuteron) and incident angle of alpha 

(deuteron), respectively. If we apply the equation (2) to 

the ground and first exited state of 6Li, 𝑅𝑑𝑖𝑓𝑓(𝛼)  should 

equal 𝑅𝑑𝑖𝑓𝑓(𝑑). Thus, we can obtain: 

          
0.612 ℎ

 𝑚𝛼 𝑣𝛼 sin (𝜃𝛼)
=

0.612 ℎ

𝑚𝑑 𝑣𝑑 sin (𝜃𝑑)
                     (3) 

Then,      𝑚𝛼 𝑣𝛼 sin (𝜃𝛼) = 𝑚𝑑 𝑣𝑑  sin (𝜃𝑑)           (4) 

Where 𝑚𝛼 = 1.9772200𝑚𝑑 [4].  Thus, as 

approximation, we could take  𝑚𝛼 ≃ 2𝑚𝑑. The value 

of 𝜃𝛼 = 𝜃𝑑, only if the incident energy (momentum) of 

alpha should be twice of the deuteron energy (Eα=2Ed). 

For deuteron (alpha)-target system, the relation between 

c.m. and laboratory system the relation could be used: 

1

2
𝑚d(𝒗d𝑓

𝐶𝑀)
2

+
1

2

𝑚d
2

𝑚T
(𝒗d𝑓

𝐶𝑀)
2

=
1

2

𝑚d𝑚T

𝑚d+𝑚T
(𝒗d𝑖

𝐿 )
2

    (5) 

The same principle has been applied to d+11B (12C) and 

α+11B (12C) in the reference [10]. Deuteron and alpha 

elastic and inelastic scattering on 6Li have been analyzed 

using the same principle at energies of 25 MeV and 59 

MeV, respectively. Inelastic scattering data has been 

analyzed using the refraction model (RM) of the nucleus, 

which was developed for determining the radii of the 

excited states for both deuteron and alpha projectiles [10]. 

The root mean square (rms) radius R* of the excited state 

is calculated by subtracting the diffraction radii of the 

exited and ground states and applying the following 

expression:  

𝑅∗ = 𝑅0 + [𝑅dif 
∗ − 𝑅dif (0)]                    (6) 

where R0 is the rms of the ground state of the studied 

nucleus, and R*
dif and Rdif (0) are the diffraction radii 

determined from the positions of the minima and 

maxima of the experimental angular distributions of 

the elastic and inelastic scattering, respectively [10]  

as shown in Figs. 1 and 2. The difference Rdif (8.56) 

- Rdif (0.00) for d+11B scattering obtained by us is 

0.589 fm, which differs slightly from the literature, 

0.46±0.30 fm. Applying equation (6) to the deuteron 

and alpha particles elastically scattered by 6Li, we 

could calculate the root mean square (rms) radius 

⟨R*⟩ of the excited state (2.186MeV), which was 

2.276 fm. The estimated root mean square value 

calculated for 6Li was 2.51 for the ground state [11]. 

The root mean square (rms) radius ⟨R*⟩ of the 

excited state (2.186MeV) obtained from α+6Li is 

2.959 fm. For the α+6Li. The obtained value of the 

rms radius of the excited state (2.19 MeV) by 

averaging the data on both reactions was found to be 

< R > = 2.86 fm. 
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Fig. (1): Differential cross-sections of the α+6Li at 59 MeV (right panel) [12] and d+6Li at 25 MeV (left 

panel) [13]. The arrows indicate the positions of the extremes.  
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Fig. (2): Differential cross sections of the α+9Be and scattering at 65 MeV (left panel) [14] and d+9Be at 

27.7 MeV (right panel) [15]. The arrows indicate the positions of the extremes.  

 

The experimental data was used directly to calculate 

the root mean square (rms) radius ⟨R*⟩ of the excited 

states as shown in Figs. 1 and 2. The same calculations 

have been done for d+9Be and α+9Be at 27.7 and          

65 MeV, respectively. The calculated difference Rdif 

(2.19) - Rdif (0.00) from d+9Be was 0.273 fm, while the 

rms value of the excited state 2.34MeV of 9Be was 2.792 fm. 

The difference between R* (the root mean square radius 

of the excited state) and R0 (the root mean square radius 

of the ground state) is equal to 2.519 fm [11], is about 

0.251 fm. The difference between R*
diff - Rdiff from 

α+9Be was 0.42 fm, which is bigger than the obtained 

value from d+9Be, 0.273 fm. The average value obtained 

for the rms value of the excited state of 2.34 MeV is 

2.864 fm. The extracted <R> from alpha scattering is 

greater than that obtained from deuteron scattering for all 

of the states discussed here and in previous work [10]. 

Even the difference between R*
diff - Rdiff has the same 

behavior. An important conclusion is that deuteron 

scattering is more suitable than alpha to be used in this 

method. All the calculations in the present work have 

been done using Fresco Code [16]. 

b. Distance closest approach  

Threshold anomaly is a phenomenon where there is a 

rapid energy variation of the real and imaginary part of 

the potential in the region around the Coulomb barrier. 

The strong absorption (imaginary part) appears at a 

certain distance known as the radial region of sensitivity. 

The sensitivity of radial distance depends on the 

bombarding energy for lighter systems. The interaction 

distance of closest approach for light projectiles 6He and 
6,7Li is 2.2 fm, which is higher than the obtained value 

for stable systems, 1.65 fm [17]. The ratio dσ/dσRuth. has 

been used to extract the critical interaction (dI) and 

strong absorption (ds) distances. Where dI is, the critical 

interaction distance could be defined as the distance 

where the elastic cross-section ratio starts deviating from 

unity and takes the value 0.98. Also, ds represents the 

strong-absorption distance. It is the distance where the 

ratio of elastic scattering to the Rutherford scattering 

dσ/dσRuth. is equal to 0.25.  There is a strong relationship 

between ds and the grazing angle Ɵ1/4 where the ratio of 

the elastic scattering to the Rutherford scattering is 

dσ/dσR= 0.25 [18]. The distance of the closest approach 

is given as:     

𝐷 = 𝑑(𝐴1
1/3

+ 𝐴2
1/3

) =
1

2
𝐷0 (1 +

1

sin (𝜃𝑐.𝑚./2)
)  ,  𝐷0 =

𝑍1𝑍2𝑒2

𝐸c.m
    (7) 

where [Z1, A1]([Z2, A2]) correspond to the atomic and 

mass numbers of the projectile (target), respectively. In 

order to deduce the reduced interaction distance in a 

systematic way, the data are fitted with the same 

exponential growth function of the Boltzmann type: 

         𝑦 =
𝑝1

1+𝑒−𝑝2(𝑑−𝑝3)                              (8) 

y=dσ/dσRuth. and d is the deduced distance of the closest 

approach. p1, p2, and p3 are adjustable parameters that were 

used to fit the experimental data [15]. The closest distance 

approach has been calculated for d+208Pb as given in Fig.3 

agrees with [17]. p1 was fixed at the unity during the 

present analysis for all nuclear systems under consideration. 

The fitting has been done using p2 and p3. The closest 

distance approach for d+208Pb system, the ds, was 1.40 fm, 

where dI is 2.61 fm. The calculations have been done 

around the Coulomb barrier of the system d+208Pb. It was 

observed that ds and dI obtained for the d+208Pb system are 

close to 6He+64Zn as shown in Fig.3 [18, 19].  For the 
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α+208Pb system, the critical interaction distance has been 

calculated at energies around Coulomb barrier shown in 

Fig. 3 (left panel). It was observed that the obtained value 

of dI is larger in the case of α+208Pb than in the case of 

d+208Pb by about 0.26 fm as given in Table 1.  

The calculations obtained in the present work give the 

impression of the similarity between deuteron and 6Li 

especially at the critical interaction distance as pointed out 

in [17]. Also, what was observed is that the Fresnel peak 

observed in the angular distributions under consideration 

for the 4He+208Pb preventing us to reliably determining the 

reduced critical interaction distance [19]. It can be observed 

in Fig. 3 that the reduced strong absorption distance is 

much smaller for deuteron than for alpha, indicating that 

deuteron reaches an inner region in the collision. The 

distance of the closest approach has been calculated for 

deuteron and alpha elastically scattered by 64Zn as shown in 

Fig.3. The obtained parameters in the present analysis are 

listed in Table 1. The present calculations are compared 

with those from literature for 4He+64Zn [19] which were in 

good agreement with literature study. Also, the value of ds 

in the case of d+64Zn is very small in comparison with 

alpha particles, which reflects the absorptivity of the 

deuteron. As presented in Table 1, the absorption for alpha 

is weaker than deuteron again in the case of the 
4He+64Zn system. The ds value in the case of the d+64Zn 

system listed in Table 1 is half its value in the case of 

alpha.  
 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

0.01

0.1

1

s
/s

R
ut

h.

d (fm)

 d+208Pb at Ed=11.8 MeV

 Slogistic1 Fit of Sheet1 B

 d+208Pb at Ed=12.3 MeV

 d+208Pb at Ed=15 MeV

 d+208Pb at Ed=20 MeV

 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 a+208Pb at 22 MeV

 Slogestic1 fit

 Slogistic1 Fit of Sheet1 B

 a+208Pb at 56 MeV

ds
/d

s
 R

ut
h.

 

d (fm)

 

0 5 10 15

0.01

0.1

1

 Bfor d+64Zn at 13.6 MeV

 Slogistic1 Fit of Sheet1 B

s
/s

R
u

th
. 

d (fm)

  

1 2 3 4 5

0.1

1

d (fm)

s
/s

R
ut

h.
 

 a+64Zn at 11.29 MeV

 Slogistic1 Fit of Sheet1 B

 

Fig. (3): Ratio of the elastic cross section to the Rutherford value, σ/σRuth, as a function of the reduced distance of 

closest approach for deuteron and alpha elastically scattered by 64Zn  [20, 21] and 208Pb [22, 23] 
 

Table (1). The reduced critical interaction distance, dI, and the reduced strong-absorption distance, dS (at which dσ/dσRuth 

is 0.98 and 0.25, respectively), for the systems indicated on deuteron and α elastic scattering by 208Pb and 64Zn 
 

system dI ds p1 p2 p3 Ref. 

d+208Pb 2.477 1.569 1.00 -7.892 1.708 p.w. 

α+208Pb 2.610 1.480 1.00 -5.642 1.585 p.w. 

α+64Zn 2.28 1.598 1.019 -4.350 1.856 [19] 

α+64Zn 2.358 1.512 1.00 -4.777 1.740 p.w. 

d+64Zn 2.755 0.740 1.00 -2.474 1.177 p.w. 
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c. Notch test 

The conclusion from the previous section pushed 

us to perform a notch test of the OM potentials for d, 

α+208Pb scattering systems looking for the region of 

their sensitivity. The principle of the notch technique 

is to introduce a localized perturbation into either the 

real or imaginary radial potential, or move the notch 

radially through the potential to investigate the 

influence arising from this perturbation on the 

predicted cross section [16]. The nuclear potential is 

defined as: 

   𝑈N = 𝑉(𝑟) + 𝑖𝑊(𝑟) = −𝑉0𝑓𝑉(𝑟) − 𝑖𝑊0𝑓𝑊(𝑟)       (9) 

where the V0 and W0 are depths of the real and 

imaginary parts of the potential with Woods-Saxon form 

fi(r,a,R), 

𝑓𝑖(𝑟, 𝑎, 𝑅) = [1 + exp (
𝑟−𝑅𝑖

𝑎𝑖
)]

−1
, 𝑖 = 𝑉, 𝑊         (10) 

where Ri = r0i(A1/3
p+A1/3

t), Ap and At represent the mass 

numbers of the projectile and target, respectively. Taking 

the real potential V(r) as an example, the perturbation of 

the potential Vnotch can be expressed as: 

       𝑉notch = 𝑑𝑉0𝑓𝑉(𝑅′, 𝑎, 𝑅)𝑓notch (𝑟, 𝑎′, 𝑅′)          (11) 

where R′ and a′ represent the position and width of the 

notch, d is the fraction by which the potential is reduced, 

and fnotch (r, a′ , R′) is the derivative Woods-Saxon 

surface form factor: 

   𝑓notch (𝑟, 𝑎′, 𝑅′) = 4exp (
𝑟−𝑅′

𝑎′ ) / [1 + exp (
𝑟−𝑅′

𝑎′ )]
2

   (12) 

Thus the perturbed real potential Vpert.(r) is [16]:  

       𝑉(𝑟)pert. = 𝑉0𝑓𝑉(𝑟, 𝑎, 𝑅) − 𝑉notch                        (13) 

The perturbation of the imaginary potential can be 

derived by the same procedure. The typical perturbed 

potential with r0 = 1.25 fm, a = 0.65 fm, R̀= 10 fm, à=0.1 fm, 

R=1.25(Ap
1/3+AT

1/3), and d=1.0 is shown in Fig. 4. Then 

the dip is moved across the potential, and the relative 

change of χ2 is plotted as a function of the reduced radius 

r. The radial sensitivity of elastic scattering for deuterons 

and α has been achieved by comparison using the notch 

test. The notch test has been applied to d+208Pb at 110 

MeV and α+208Pb at 288 MeV as shown in Fig. 5. The 

results plotted in Figs. 5 show that the sensitive region of 

the deuteron extends well into the surface up to a reduced 

radius of 2 fm, with the most sensitive region close to the 

strong absorption radius. The radial sensitivity appears in 

the case of the deuteron earlier than in the case of alpha as 

shown in Fig. 5 (left panel). Where the notch test has been 

applied to α+208Pb at 288 MeV, the radial sensitivity 

starts at 9 fm. It is observed that deuteron goes closer to 

the target (208Pb) than in the case of alpha as discussed in 

the previous section. The obtained result from the notch 

test agrees with that extracted from the phenomenological 

method in the previous section.  
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Fig. (4): The typical perturbed potential with            

r0 = 1.25 fm, a = 0.65 fm, R̀= 1 fm, à=0.1 

fm, and d=1.0 where r=R̀  
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Fig. (5):. Radial sensitivity for d+208Pb at 110MeV [24] (left panel) and α+208Pb systems 288 MeV [25] right panel. 
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d. Reduced cross section approaches for a comparison 

between alpha and deuteron  

The choice of the targets 6Li, 7Li, 9Be and 11B was 

done because we have made the calculations in the ref. [2, 

7] which could be used here. The total reaction cross 

sections is an important piece of information that can be 

obtained from elastic scattering. The deduced total 

reaction cross section σreac for the deuteron and alpha 

elastically scattered by 6Li, 7Li, 9Be and 11B are 

respectively shown in Fig. 6. The reaction cross section 

has been obtained from output of the fresco code [16]. 

The obtained reaction cross section for 2H and 4He 

elastically scattered light nuclei were found to be in 

satisfactory agreement with the predictions obtained in the 

previous study [26, 27]. The behavior of the calculated 

total cross section was found to be projectile dependent 

[27-30]. There are various approaches to re-normalizing 

the total reaction cross section for the systems under 

discussion. Re-normalizing the energy and cross sections 

can be done using the following two equations [31]: 

                     𝐸𝑟𝑒𝑑 = 𝐸 ×
𝐴𝑃

1
3 +𝐴𝑇

1
3

𝑍𝑃𝑍𝑇
,                            (14) 

                     𝜎𝑟𝑒𝑑 =
𝜎𝐶

(𝑨𝑷

𝟏
𝟑 +𝑨𝑻

𝟏
𝟑)

2                               (15) 

where ZP (ZT) is the charge of the projectile (target) and     

AP (AT) is the mass of the projectile (target), and the total 

reaction cross section is represented by σc. The  reduction 

approach was applied to the various systems of the 

deuteron and alpha elastically scattered by 6Li, 7Li, 9Be and 
11B which are shown in Fig. 6. It is observed that a larger 

reduced total reaction cross sections are obtained at 

energies around the Coulomb barrier for the deuteron 

projectile  followed by the tightly-bound nuclei alpha, 

which produces the smallest total reaction cross section [32]. 

A comparison between the reduced cross section for 

deuteron and another for alpha should be done at the 

same reduced energy. At a reduced energy of 10.52MeV, 

the calculated reduced cross section for 6Li(4He,4He)6Li 

is 64.5 mb, whereas for 6Li(d,d)6Li, the calculated 

reduced cross section is 107.2mb, which is much greater 

in the case of duteron than calculated from alpha under 

the same conditions. Also, for deuteron and alpha at 10 

MeV elastically scattered by 7Li, the reduced cross 

section was 79.40 mb in the case of 7Li (4He,4He) 7Li and 

was 100.75 mb in the case of 7Li(d,d)7Li as shown in 

Fig. 6. The same comparison has been done for alpha 

and deuteron elastically scattered 9Be and 11B and the 

same results have been observed ( see Fig. 6).  
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Fig. (6): Reduced reaction cross sections σred. versus reduced energy Ered. for deuteron and alpha elastically 

scattered by 6,7Li, 9Be, and 11B respectively. 
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It was observed that the calculated total cross section 

(σR) is energy dependent, OMPs dependent, projectile 

(and/or target) dependent and has also been adjusted using 

spectroscopic factors in the case of the transfer [7, 31]. As 

the reduced cross sections for the all nuclear systems 

under consideration have been obtained from the same 

author [2, 7], it may be a reliable analysis.  It is clear from 

the Fig. 6 that the reduced cross sections for the deuteron 

elastically scattered by 6,7Li, 9Be, and 11B are higher than 

those from alpha with the same nuclei. It demonstrates 

that the deuteron can be viewed as a halo nuclei, with the 

proton in the center and the neutron rotating around it. 

Now, it is concluded that the deuteron has a signature      

of a halo nucleus. 

e. Reflexion coefficients ηL for deuteron and alpha 

elastically scattered by 6,7Li, 9Be and 11B 

           For a comparison between deuteron and alpha 

elastically scattered by 6Li, 7Li, 9Be and 11B, we 

presented Figs. 7-14 for the reflexion coefficients, η 

which are related to the scattering matrix SL by the 

simple known relation: 

                     SL=ηL×exp(2iδL)                      (16) 

where the reflexion coefficients ηL and the phase 

shifts δL are real. Usual behavior for deuteron and alpha 

elastically scattered by 6Li, 7Li, 9Be and 11B has been 

detected for ηL close to zero at small angular momenta L 

(total absorption), increasing ηL for intermediate L 

(partial absorption), and when ηL close to unity (no 

absorption) for large L. For all systems, deuteron and 

alpha elastically scattered by 6Li, 7Li, 9Be and 11B, the 

slopes of ηL are different. The derivative 
𝑑𝜂

𝑑𝐿
  is one 

choice to compare between all systems under 

consideration from the width ∆L at the same energies as 

shown in Figs. 7-14. 

Significant differences were detected between the 

two projectiles, alpha and deuteron, elastically scattered 

by light nuclei with the maximum slope dηL/dL at the 

angular momentum L0 and the width ΔL at full width at 

half maximum value (FWHM). For the deuteron, the 

width ΔL is larger than that calculated from alpha. The 

widths of the two curves at the same reduced energy 

show a signature of the effect of the neutron halo on 

deuterons. For example, in the case of alpha elastically 

scattered by 6Li, the width ΔL at Ered. 25 MeV was 

1.867, whereas for the deuteron with the same conditions 

it was 2.4376. The calculated width ΔL for alpha, 

elastically scattered by 9Be at Ered. 8.25 MeV is 1.417 

whereas it is 2.466 at Ered. 8.35 MeV in the case of 

deuteron. There are many examples that could be taken 

from such an argument for 7Li and 11B. The derivative 

dηL/dL, obtained from [2] and [7], for deuteron and 

alpha elastically scattered by 6Li, 7Li, 9Be and 11B at the 

energies below and close to the Coulomb barrier, is 

presented in Figs. 7-14 for all cases under consideration. 

The maximum derivative (dηL/dL)max, position L0 of the 

maximum derivative dηL/dL and the Gaussian width ΔL 

(FWHM) of dηL/dL for deuteron and alpha elastically 

scattered by 6Li, 7Li, 9Be and 11B were obtained from 

Figs. 7-14. The increase in ΔL values at the dηL/dL vs. L 

curve (see Figs. 7–14) was taken as a signature of the 

halo properties of the deuteron projectile [6, 21].             

A Gaussian fitting of the derivatives dηL/dL as a 

function of angular momentum for all the systems under 

consideration, as shown in Figs. 7–14. 
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Fig. (7): Reflexion coefficients ηL for 6Li (2H, 2H) 6Li at Elab = 8 ̶ 50 MeV (left panel) and the derivatives 

dηL/dL (right panel).  
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Fig. (8): Reflexion coefficients ηL for 6Li (4He, 4He) 6Li at Elab = 18 ̶ 166 MeV (left panel) and the derivatives 

dηL/dL (right panel).  
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Fig. (9): Reflexion coefficients ηL for 7Li (4He, 4He) 7Li at Elab= 10 ̶ 28MeV (left panel) and the derivatives 

dηL/dL (right panel). 
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Fig. (10): Reflexion coefficients ηL for 7Li(2H, 2H)7Li at Elab= 18 ̶ 166 MeV (left panel) and the derivatives 

dηL/dL (right panel). 
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Fig. (11): Reflexion coefficients ηL for 9Be(4He, 4He) 9Be at Elab= 18 ̶ 90MeV (left panel) and the derivatives 

dηL/dL (right panel). 
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Fig. (12): Reflexion coefficients ηL for 9Be(4He, 4He) 9Be at Elab= 18 ̶ 90MeV (left panel) and the derivatives 

dηL/dL (right panel). 
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Fig. (13): Reflexion coefficients ηL for 11B(4He, 4He) 11B at Elab= 29 ̶ 64 MeV (left panel) and the derivatives 

dηL/dL (right panel). 
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Fig. (14): Reflexion coefficients ηL for 11B(2H, 2H) 11B at Elab= 11 ̶ 27MeV (left panel) and the derivatives 

dηL/dL (right panel). 
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Fig. (15): The Gaussian width ∆L of dηL/dL derivatives versus the reduced energy Ered. for all the 

considered nuclear systems  
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Fig. (16): A comparison between the imaginary potentials for deuteron and alpha elastically scattered by 
7Li where the dash line represents α+7Li [7] and the dashed lines represents d+7Li [2] (the same 

energy was used during the analysis) 

 

Fig. 15 depicts the position L0 of the maximum 

derivative (dηL/dL)max for the all considered systems 

versus the reduced energy Ered. and the Gaussian width 

ΔL of versus the reduced energy Ered.. From this 

analysis, it can be concluded that the deuteron elastically 

scattered by 6,7Li, 9Be and 11B shows an increasing width 

ΔL at higher energies. We get deuteron and alpha 

elastically scattered by 7Li shown in Fig. 15, that: 

  
∆(∆𝑳)

∆𝑬𝒓𝒆𝒅.
≈ 0.5428 𝑀𝑒𝑉⁄   𝑓𝑜𝑟 𝑑𝑒𝑢𝑡𝑒𝑟𝑜𝑛        (17) 

    
∆(∆𝑳)

∆𝑬𝒓𝒆𝒅.
≈ 0.383 𝑀𝑒𝑉⁄   𝑓𝑜𝑟 𝑎𝑙𝑝ℎ𝑎               (18) 

Only one example has been discussed because all the 

systems under consideration are similar to each other, as 

shown in Fig.15.  

Only the discrepancy appears in the case of deuteron 

elastically scattered by 6Li as shown in Fig. 15 which 

reflects the cluster structure of 6Li≡d+α. The structure of 
6Li is responsible for such behavior of ∆L of dηL/dL 

derivatives versus the reduced energy Ered. 

A comparison between the imaginary potentials for 

deuteron and alpha elastically scattered by light 

nuclei  

Another method for comparing deuteron and alpha 

elastically scattered by light nuclei has been proposed 

here, using the behavior of imaginary part W(r) for both 

systems at the same energies. An example has been 

chosen for deuteron and alpha elastically scattered by 7Li 

at 12 MeV and 14 MeV, as shown in Fig.16 (just a case 

for a comparison). It is observed from Fig. 16 that the 

deuteron has a deeper imaginary potential than in the 

case of alpha, which reflects more absorptivity in the 

case of the deuteron.         

3- CONCLUSIONS 

The diffraction model has been applied to deuteron 

and alpha, elastic and inelastic scattering, to extract the 

radius of the ground and excited states. The model has 

been applied to 6Li, 9Be and 11B where the projectiles 

were alpha and deuteron. The <R> obtained from alpha 

scattering is greater than that obtained from deuteron 

scattering in both the current study and the literature. It 

is concluded that deuteron scattering is more suitable 

than alpha to be used in the diffraction model. The 

interaction distance of the closest approach for light 

nuclei projectiles, deuteron and alpha, near the Coulomb 

barrier has been calculated using the phenomenological 

method for the targets, 64Zn and 208Pb. It was observed 

that the deuteron reaches an inner region in the collisions 

with 64Zn and 208Pb targets. In contrast to the properties 

of alpha and deuteron (tightly and weakly bound nuclei), 

the absorption is weaker for alpha than for deuteron. To 

draw a complete picture of deuteron and alpha, the notch 

test technique has been applied to d+208Pb at 110 MeV 

and α+208Pb system at 288 MeV. As was observed, 

deuteron goes closer to the target (208Pb) than in the case 

of alpha, which agrees with the conclusion obtained 

from the extracted distance of the closest approach. Both 

the notch test and the distance of the closest approach 

produce the same result. 

To obtain more information about the deuteron and 

alpha in the present comparison, reduced cross section 

approaches have been used. The calculated cross 

section for deuteron elastically scattered by 6,7Li, 9Be, 
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and 11B are higher than that of alpha, which indicates 

that deuteron is a halo nucleus from the comparison 

with alpha particles. Reflexion coefficients have been 

used during the comparison between deuteron and 

alpha. It could be concluded that deuteron elastically 

scattered by 6,7Li, 9Be and 11B shows an increasing 

width ΔL at higher energies. The calculated value       

of 
∆(∆𝐿)

∆𝐸𝑟𝑒𝑑.
≈ 0.5428 𝑀𝑒𝑉⁄ for deuteron where it was 

0.383 𝑀𝑒𝑉⁄   for alpha at the same energy, which is 

taken as a signature of the halo properties of the 

deuteron. 

One method for comparing the deuteron and alpha is 

the behavior of imaginary part, W(r) for alpha and 

deuteron elastically scattered by 7Li at the same energy. 

The imaginary potential in the case of deuteron is deeper 

than in the case of alpha, which reflects more 

absorptivity of the deuteron nucleus. The depth of the 

real part of the optical potential in the case of an alpha 

projectile was twice its value in the case of a deuteron.  
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