
Nulear Reation and Nulear Struture Course ISOLDE, April, 22-25, 2014Howework 1: OM alulations1. OM alulation. Let us onsider the elasti sattering of 4He on 208Pb at lab-oratory energies of 5, 10, 22, 27 and 60 MeV. We plan to analyze this reationusing the optial model (OM). Our optial model potential will onsist of a stan-dard Woods-Saxon form, with both real and imaginary parts, and a Coulombpotential generated by a sphere of uniform harge. The OM parameters with theparameters are listed in the table below. Note that the radii of the nulear partare already absolute radii (not redued radii).System V0 R0 a0 Wv Ri ai rc[MeV℄ [fm℄ [fm℄ [MeV℄ [fm℄ [fm℄ [fm℄
4He+208Pb 96.44 8.15 0.625 32 7.20 0.42 1.2(a) Complete the following table, with the values of the .m. energy (Ecm),wavenumbers (k), Sommerfeld parameters (η) and the distane of losestapproah for a Coulomb head-on ollision (the values at 5 MeV are givenfor guidane)

Elab Ecm k η r0(MeV) (MeV) (fm−1) (fm)5 4.91 0.960 23.1 48.110222760(b) Plot the total real potential (Coulomb and nulear part). Compare with theestimate:
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) fm() Introdue the OM parameters in freso and run the alulation at the en-ergies indiated in the �rst item. For eah energy, plot the di�erential elastiross setion (fort.201). Commment on the evolution of this observablewith the inident energy, and relate this behaviour with the quantities al-ulated in the �rst item.(d) Using the information ontained in the output �le fort.7, alulate and plotthe modulus of the S-matrix. Commment on the evolution of this observ-able with the inident energy, and relate this behaviour with the quantitiesalulated in the �rst item.(e) Using the output �le fort.56, plot the values of the reation (third olumn)and absorption (seond olumn) ross setions as a funtion of the totalangular momentum (note that, sine the internal spins are both zero, J = Lin this ase). Why are they equal in this alulation?1 A.M. Moro
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Figure 1: Elasti di�erential ross setions relative to Rutherford ross setion at
Elab=10, 22, 27 and 60 MeV (from left to right).E=10 MeV
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E=22 MeV
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E=27 MeV
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E= 60 MeV
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|Figure 2: Modulus of the elasti S-matrix as a funtion of the total orbital angularmomentum L for di�erent energies.(f) At E=27 MeV, the elasti angular distribution displays a typial Fresneldi�ration pattern. A prerequisite for the observation of this pattern is that

Lg ≫ 1 and η ≫ 1. Is this onsistent with the value of η alulated inthe �rst item? The grazing angular momentum an be estimated from theondition |SL|
2 = 0.5 (|SL| = 0.707). Calulate this value from the fort.7or freso main output2. Sfreso �t. Feth the experimental data for the 6He+208Pb reation at 22MeV or 27 MeV (you an �nd them at the EXFOR database: http://www.nnd.bnl.gov/exfor/exfor.htm). Using the potential parameters given in theprevious exerise, perform an OM alulation for this system, and verify thatthis alulation fail to reprodue the data. Using the ode Sfreso, perform aparameter searh to improve the agreement with the data. To redue the numberof adjustable parameters, �x the values of the real and imaginary radii. From theextrated values of the di�usiveness parameters, what an we onlude regardingthe nature of the ouplings a�eting the elasti sattering?

2 A.M. Moro


