
Eng. & Tech. Journal, Vol.29, No.6, 2011       
 

*College of Science,   University of Baghdad/Baghdad                                    
**College of Education Ibn-Hatham, University of Baghdad/Baghdad 

1208 

Study The Proton Momentum Distribution of The 
51V (γ,p)50Ti Reaction at Energy of 59.2 Mev 

 
 

Dr. Alaa .B. Kadhim*, Raafat. A. Muslim**, Dr. Khaled. H. Mahdi** 
& Fouad. N. Hassan* 

Received on: 30/8/2010 
Accepted on: 7/4/2011 

 
 
Abstract 
     The technique developed by Findlay and Owens for the extraction of a 
consistently effective momentum distribution  from the 51V (γ,p)50Ti reaction data is 
applied to the cross sections obtained for each of the discrete low lying excited states 
( 0.0 , 1.6 , 2.7 , 3.2 , 3.8 , 4.4 and 6.0  ) MeV ,respectively.The momentum density 
and momentum mismatch have been calculated using the method of Findlay and 
Owens for each excited state. This program has been written for this purpose using 
Fortran-77 language.The momentum scaled distribution would illustrate that the 
simple Direct Knockout Model (DKM) behavior observed in the (γ,p) reaction  could 
be regarded as evidence for the importance of the DKM process in the (γ,p) reaction. 
Clearly the application of the procedure given by Findlay and Owens leads to a more 
consistent momentum distribution. 
 

51V (γ,p)50Ti البروتونات للتفاعلدراسة توزيع وخم     
59.2 MeV عند الظاقة   

  
  الخ صة

  من بيانات التفاعل   �ستخراج توزيع الزخم الفعال المتطورة فندلي واونز تقنيةاستخدمت       
51V (γ,p)50Ti المنفص  لة  الواطئ  ة المتھبج  ةع العرض  ية المستحص  لة لك  ل مس  تويات الطاق  ة لمق  اطل            

MeV  ( 0.0 , 1.6 , 2.7 , 3.2 , 3.8 , 4.4 , 6.0  )  على التوالي.  
كت  ب . فن  دلي واون  ز لك  ل حال  ة متھيج  ة عمال تقني  ةا باس  تمكثاف  ة ال  زخم وال  زخم المفق  ود ت  م حس  ابھ     

  .الغرض  لھذااعد    77 -بلغة فورترانبرنامج 
ح ظ المDKM ( 4(ھ روب الجس يمة الواح دة البس يط سلوك انموذج  المدرج يوضحتوزيع الزخم      

  (γ,p)ف ي التفاع ل  )DKM ( يمك ن ان يعتب ر ك دليل �ھمي ة عملي ة حيث 51V (γ,p)50Tiفي تفاعل 
فندلي واون ز ت ؤدي ال ى انس جام اكب ر لتوزيع ات  من الواضح ان تطبيق ھذه الطريقة المعطاة من قبلو

  . الزخم المحسوب

Introduction
hotons with energies less than 
30 MeV are known to interact 
coherently with the whole 

nucleus as giant dipole resonance. 
Photons with energy greater than 30 
MeV and less than 100 MeV have 
significantly shorter wavelength. At 
this range of energy the photon 
interact with just a single nucleon or a 
small group of nucleons within the 

nucleus. One possible result of the 
absorption of such a photon is that a 
single nucleon will be ejected with an 
energy equal to or close to the 
kinematic end for that reaction. The 
other nucleons are essentially 
spectators in the process [1-4]. If we 
consider the reaction 51V (γ,p)50Ti in 
which the 50Ti is left in its ground 
state or low lying excited state then 
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photons with energy        Eγ ≈ 60 
MeV would produce protons leaving 
the nucleus with a momenta in the 
range of 330 to 390 MeV/c, 
depending on the emission angle. 
However the incoming photons have 
a momentum of only 60 MeV/c thus 
creating a momentum mismatch 
which must be supplied by the 
residual nucleus (equal to its recoil 
momentum in lab system). If the (γ,p) 
reaction is considered as the photon 
strikes a single nucleon in a specific 
subshell and is ejected it from the 
nucleus. Then the other nucleons are 
unaffected. Hence the cross sections 
for such a reaction will depend on the 
nucleon momentum distribution 
inside the nucleus and the form of 
final state potential. This nucleon 
momentum distribution could be 
calculated from a nucleon model, 
such as the Independent Particle Shell 
Model (IPSM), and with a proper 
treatment of the final state interaction 
[5,6].   
Calculations 
     The calculations used on the (γ,p) 
data are based upon the method by 
Findlay and Owens [7,8]. They have 
tried to eliminate the effects of 
distortion in the final state of the (γ,p) 
reaction, in order to obtain the 
undistorted momentum distribution in 
the initial nucleus. 
     In the Plane Wave Impulse 
Approximation (PWIA) the (γ,p) 
reaction cross sections are directly 
proportional to the probability of 
finding a proton of the appropriate 
momentum in the initial state. Findlay 
and Owens have provided an 
approximation treatment of the 
distortion with regards to outgoing 
proton wave potential of the residual 
nucleus, while keeping the direct 
relationship between the cross 

sections and the momentum 
distribution unchanged. 
     In this method the real and 
imaginary parts of the optical 
potential are treated separately. The 
main effect of the real part is to 
reduce the energy of the proton, 
without much effecting its direction 
as it leaves the nucleus. The observed 

outgoing proton momentum ħ  is 

thus related to the internal momentum 

ħ  just after the photon is absorbed 

by[7,8]: 
 
Where A is the mass number of 51V, 

andmp is the mass of proton.          

The real part of the optical potential 
U(E) is given by[7,8]: 
 

 
     Where Vo is the depth of the well 

 
 and is equal 28 MeV and calculated 
by [9]: 
 Vo = Ef + SP                          …… (3) 
    
    Where Ef is Fermi energy as given 
by[9]: 
 

  Ef  =         …….. (4) 

     Where n is the number of nucleons 
per unit volume. 
   And SP is the separation energy of 
the proton and given by[9]: 
 
SP =[ M(A-1,Z-1) + mp − M(A,Z)]c2                                                                                                                 
                                               …. (5)   
 
   Where M(A-1,Z-1) is the mass of 
the residual nucleus, and M(A,Z) is 
the mass of the original nucleus. 
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     In this approximation, the cross 
section for the (γ,p) reaction in the 
center of mass system for the 
photoproton ejected from an active 
shell "momentum density of the 
proton" is given by[7,8]: 
  

 
     All quantities are defined in the 

center of mass system. Where  is 

the proton occupation number of the 
active subshell,  is the 

pare factor [10]. The effect of the 
imaginary component approximated 
as an energy – independent 

absorption factor   where its value 

was estimated as  = 0.4 , and q is 

the initial momentum of the proton in 
the bound state, and is given by[7,8]: 

 
Where  is the angle of emission of 

the photoproton, and is the 

incoming photon momentum. 
    Now, it is possible to calculate 

 in the active subshell from 

each differential cross section   

data point corresponding to a given 
proton emission angle and photon 
energy. 
    Calculations have been performed 
by writing the program in  
FORTRAN – 77 language and the 
flowchart is of the program as shown 
in figure (1). This program explains 
the steps of calculations: 
 
 

Results and Discussion  
     We have performed calculations 
for the 51V (γ,p)50Ti  reaction data 
obtained [11] over a wide range of 
angles from 61o to 110o . The incident 
photon energy was about 60 MeV and 
low lying excited states were as 
follow ( 0.0  , 1.6  , 2.7  , 3.2  , 3.8  , 
4.4 and 6.0 ) MeV. They are 
compared to existing data in order to 
assess the extent to how the Direct 
Knockout Mechanism(DKM) 
contributes to the observed cross 
sections. 
     Figures (2,4,6,8,10,12,14) shows 
the differential cross sections as a 
function of proton angles at energy 
about 60 MeV for different excited 
states. Figures (3,5,7,9,11,13,15) 
shows the momentum density as a 
function of the missing momentum 
for all the excited state shown in the 
following figures. 
     In conclusion the results  indicate 
that the (DKM) mechanism is the 
main contributor to the cross sections 
for low missing momentum. Should 
there be any deviations found in large 
momenta then we can deduce that the 
Quasi Deuteron Model (QDM) 
mechanism has contributed. 
Furthermore, It was also confirmed 
possible to extract a unique 
momentum distribution up to 
momenta of 390 MeV/c from data on 
the 51V (γ,p)50Ti  reaction. In all 
figures, a good agreement in behavior 
and shape is ascertained.                                         
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  Start 

Insert  data 

 Select the excited state  

    Calculate Q value   

     Select the angle  

      Calculate θCM  

Calculated 

Calculate MOM. MIS, MOM.DENS, ERR 

 Calculate VO 

 Return 

 Print  results 

    End 

     Figure 1 flowchart of program 
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Figure2 The angular distribution for  

51
V(G,P)

50
TI      Figure 3 The momentum distribution for

51
V(G,P)

50
TI         

           reaction in 0.0 MeV excited states                               reaction in 0.0 MeV excited  states       

            

 

     
Figure 4 The angular distribution for  

51
V(G,P)

50
TI   Figure 5  The momentum distribution for 

51
V(G,P)

50
TI  

           reaction in 1.6 MeV excited  states                                reaction in 1.6 MeV excited states 

 

     
Figure 6 The angular distribution for  

51
V(G,P)

50
TI     Figure7 The momentum distribution for 

51
V(G,P)

50
TI  

               reaction in 2.7 Me V excited  states                           reaction in 2.7 MeV excited stat 
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Figure 8 The angular distribution for  

51
V(G,P)

50
TI   Figure 9 The momentum distribution for 

51
V(G,P)

50
TI  

            reaction in 3.2 Me V excited  states                                 reaction in 3.2 MeV excited states   

 

 

    
Figure 10 The angular distribution for 

51
V(G,P)

50
TI Figure 11 The momentum distribution for 

51
V(G,P)

50
TI  

            reaction in 3.8 Me V excited  states                                reaction in 3.8 MeV excited states 

 

 

     
Figure 12 The angular distribution for  

51
V(G,P)

50
TI           Figure 13 The momentum distribution for 

51
V(G,P)

50
TI     reaction in 4.4 Me V excited  states                                reaction in 4.4 MeV excited states 
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Figure14 The angular distribution for  

51
V(G,P)

50
TI  Figure15 The momentum distribution for 

51
V(G,P)

50
TI  

              reaction in 6.0 Me V excited  states                           reaction in 6.0 MeV excited states 

 

 

 

 

 

 

 

 

 


