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Abstract  
       Differential cross section for the D-D fusion reaction represents an important parameter in calculating 

the neutron or proton yield and this calculation need to study the changes of the differential cross section 

with both deuteron energy and reaction angle .We see that the differential cross section are strongly 

effected with a range of  reaction angle between [0-100] degree , and it seems that it has a maximum value 

when the reaction angle  equal to zero because the present of the parameter cos θ in there calculated 

equation .From the figures we notice a good agreement between our calculated results and the 
experimentally results. This lead to the ability for using this model in the future for different calculations 

and the ability for modifying it's to construction a like formulas for another fusion reactions by depending 

on their physical characteristics. 
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Introduction  
         The D(d,n)3He and D(d,p)3H  reaction is 

of interest for nuclear processes in the early solar 

system and early universe and for fusion energy 

applications. This reaction belongs to the 

network of processes which will be used to fuel 

the first inertial-confinement fusion reactors [1]. 

The knowledge of D(d,n)3He and D(d,p)3H 

fusion cross sections at low energies is of interest 

in pure and applied physics. Both reactions are 

crucial for the Standard Big Bang 
Nucleosynthesis (SBBN) network calculations, 

as they are involved in the synthesis of D, 3He, 

4He and 7Li in the early universe.[2].   

Theory 
    For nuclear reactions in which the reactant 

must penetrate a barrier, which is the case with 

thermonuclear reactions, the cross section can be 
expressed in the form [3]. 

σDD = 288/Ed (-45.8/Ed)……………(1) 

Where Ed is the deuteron bombarding energy in 

KeV, and σDD is the total cross section in barns.  

     Also there is another relation to compute total 

cross sections for D-D reactions as follows [4].  

σDD = exp(4.727-0.03154Ed)………………(2) 

Where Ed is the deuteron bombarding energy in 

MeV, and σDD is the total cross section in mille 

barns. 

Also The interaction cross-section σ(D- D) is 

given by  

σ DD= (π/k2) exp(- e2 / ћVd)……………….(3)  

k2 = (2 m Ed /ћ2) Where Ed  is the deuteron 
bombarding energy in keV, and σDD is the total 

cross section in barns.  

By Using mr ~ 1.67 x 10-24 gms, Vd (impact) = 

~ 6.5 x 106 cm sec-1, e = 4.8x10-10 cgs units, 

and ћ2= 10-27 erg sec, we have σ(D-D) = 

(π/3.68x1020) exp(-35.5) cm2 = ~ 3x10-36 cm2. 

From a D-D calculation, at Vd(impact) = 5 x 105 

cm sec-1, the value for σ(D-D) is Vanishingly 

small. Thus, the increase in impact velocity, in 

the range of interest from 5x 105 cm/sec to 6.5 

+/- 2 x 106 cm/sec as shown in Figure (1) [5]. 

Calculation of differential cross 

section  
    The differential cross sections dσ/dΩ are 
calculated as a function of reaction angle θ for 

deuteron energies  Ed for wide range from (18-

26) MeV by using the relation 

…………..(4) 

    The results of calculations of dσ/dΩ  and θ are 

presented for all bombarding energy in table (2) , 

(3) and figures (2) , (3). 
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  Table (1). Legendre polynomial coefficients for least squares fit to c.m. angular distributions from D-D fusion 

reaction ref.[7]. 

coefficient 18 Mev 20 Mev 22 Mev 24 Mev 26 Mev 

A0 6.12 5.87 5.54 5.73 5.30 

A2/A0 1.78 1.72 1.65 1.59 1.63 

  

2.26 2.14 2.00 1.85 1.80 

Table (2): Differential cross sections results at deuteron energy range from (18-26)MeV. By using eq. (1). 
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Differential cross section 

at18 Mev 
 

Differential cross section 
at 20 MeV 

Differential cross section 
at 22 MeV 

Differential cross section 
at 24 MeV 

Differential cross section 
at 26 MeV 

0 495.39 458.35 422.58 388.79 363.57 

10 382.09 353.7 326.28 300.42 281.02 

20 120.85 112.04 103.55 95.55 89.47 

30 122.91 114.25 105.95 98.16 92.05 

40 232.93 217.44 202.7 188.93 177.5 

50 208.2 195.5 183.58 172.48 162.31 

60 118.54 112.13 106.23 100.73 94.84 

70 26.74 25.48 24.35 23.29 21.9 

80 42.36 40.57 39.01 37.52 35.2 

90 85.83 82.36 79.36 76.47 71.67 

100 102.8 98.46 94.67 91.05 85.43 

 Table (3): Differential cross section results reaction at deuteron energy range from (18-26) KeV.by using eq.(2). 
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Differential cross section 
at 18MeV 

Differential cross section 
at 20 MeV 

Differential cross section 
at 22MeV 

Differential cross section 
at 24MeV 

Differential cross section 
at 26MeV 

0 87.99 79.42 71.98 65.51 60.93 

10 67.87 61.29 55.57 50.62 47.10 

20 21.46 19.41 17.63 16.1 14.99 

30 21.83 19.79 18.04 16.54 15.42 

40 41.37 37.67 34.52 31.83 29.75 

50 36.98 33.87 31.27 29.06 27.20 

60 21.05 19.43 18.09 16.97 15.89 

70 4.75 4.41 4.17 3.92 3.67 

80 7.52 7.03 6.64 6.32 5.9 

90 15.24 14.27 13.51 12.88 12.01 

100 18.26 17.06 16.12 15.34 14.31 

Fig (1) cross section as a function of deuteron impact velocity. 
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Figure (2) :The c.m. differential cross section dσ/dΩ for the D-D reaction at  deuteron bombarding 

energy of 18 to 26  MeV by using eq.(1). 
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Figure (3) :The c.m. differential cross section dσ/dΩ for the D-D reaction at  deuteron bombarding 

energy of 18 to 26  MeV by using eq.(2). 

 
Discussion and conclusion 
                Firstly, we have made a theoretical 

study about the differential cross section for the 

D-D reaction  From the calculations deals with 

the differential cross section in the centre of 

mass system that represented in Figure (2)and(3) 

and Tables (2)and(3) we conclude that there are 
 

 

 

 

 

 

 

 

 

 

 

 

 a good agreement between our results and the 
published  results in ref. [7].For wide range of 

incident deuteron energy that represented in keV 

unites and Mev unites, we concentrate on the 

energy range from [18-26 MeV] since there is an  

published result present which explained in 

below. 

 

 

 

 

 

 

 

 

Figure (4): Differential cross section in c.m.system of Jones. (ref.7) for deuterons 

energy from 18 to 26 MeV. 
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       Through the study the change of the total cross 

sections for D-D reaction with deuteron velocities 

we see that the probability of interaction increased 

when deuteron velocities increasing in the range of 

velocities between (1.E+6-1.E+8). From figure (1) 

We see that our calculated results about the total 

reaction cross section are more compatible with the 

published results ref.[5]. we concentrate on the 

velocity range from(1.E+6-1.E+8) since there is 

published result present  From the comparison 

between our calculated results and the 
experimentally published result we have obtained 

the same behavior . From the comparison between 

our calculated results and the experimentally result 

we have obtained the same behavior but it is 

necessary to note that there are a different values 

for the differential cross section and this case can 

be explained by the fact that we use an empirical 

formulas for calculation  the total cross section 

given by eq.(1)which is especially deals with 

energy given in KeV and another empirical 

formulas for calculation the total cross section 
given in eq.(2)which is especially deals with 

energy given in MeV . 
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 لخلاصةا
حسلا  الدتلاا الديلوترودي او التروتلودي والحس الحسلاتا   فلييمثل  عامل  م ل   D-Dرضي التفاضلي للتفاعل  اندلاما ي المقطع الع          

ان المقاطع العرضية التفاضلية تتأثر دا حظلا ة الايوترون وزاوية التفاع  ،مع طاقالعرضية التفاضلية المقاطع ا  في تغير ال دحتاا ل ا لاراسة
ار لة ويتتلين ان اعظل  قيملة ل لحس المقلاطع العرضلية التفاضللية (100-0) ولزوايلا تفاعل  ملن MeV  (18-26)وتشاة لماى طاقي يتراوح تين

و لوا توافلج  يلا و مداسل  ملع ملن الاشللا  الموضلحة تالرسل  للوحظ    ,ي معااللة الحسلافل cosθوحلل  لو واالعامل   θ 0 =عدلا الزاويلة 
ة تعلايل ا الدتائج الت ريتية المحسوتة عالميا مما يقوا الى املادية اعتماا العلاقا  المثتتلة فلي تحثدلا الحلالي فلي الحسلاتا  المسلتقتلية واملاديل

 .للتفاعلا  الاداما ية الاخرى تالاعتماا على خصائص التفاع  الماخوح تدظر الاعتتار
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