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Form fators : introdution, basi properties, nulear radius

These exerises should allow to austom yourselves with elementaryproperties of form fators. In partiular, they should give you an idea aboutsome orders of magnitude. We will also present a way to estimate the valueof nulear radii using elementary eletrostatis.We reall the long distane behavior of the wave funtion after a satteringon a potential V (r) :
ψ (~r) ≃ eikz + f (θ, ϕ)
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)The above formula is normalized in suh a way that the �ux of inoming par-tiles is 1. This �ux is along the z axis and the sattering enter is loated at
~r = 0 and generates the sattering potential V (r). Finally, (r, θ, ϕ) are theusual spherial oordinates with respet to the sattering enter and the Ozaxis.1 / Show that the di�erential ross setion readsdσdΩ =| f (θ, ϕ) |2 .Now take into aount that the sattering enter is not a point but o-upies a ertain small region of spae (small with respet to what ?) withdensity ρ and omment about the origin of the form fator.2 / Show that the q2 derivative of a nulear form fator at q = 0 is propor-tional to 〈(~r.q̂)2〉, where q̂ stands for the diretion of the momentum transfer.1



3 / What is the form fator of a homogeneous sphere of radius a ? Choose agood dimensionless parameter to express the form fator. What are the three�rst zeros of F (q) ? Why is it interesting to onsider suh form fators ?4 / Use the plot on Figure 1 to estimate the nulear radius of 14N . Whatis the value of the sattering angles orresponding to the three �rst zeros of
F (q) ? What should be the angular resolution of the deteting devie so thatthe relative unertainty on the measurement of the radius is of the order of
10% ? Whih minimum of the form fator is best �t for a measurement ofthe nulear radius ?

Figure 1 � Form fator of 14N as a funtion of the transferred momentumduring the sattering.5 / The Rutherford ross setion isn't anymore orret at high energies.There, it should be replaed by the relativisti Mott formula taking intoaount the spin and relativisti behavior of the sattered partiles.It reads : dσdΩ = (ZpZcα~c)
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Zp and Zc are resp. the atomi numbers of the projetile and the target. Eet E' are the �nal and initial energies of the projetile. Finally β = v/c, vbeing the projetile's veloity.We have presented on Figure 2 the measurement of the di�erential rosssetion of eletrons on H2 versus the sattering angle. Use this plot to obtain2



the energy of the sattered eletrons. Is one able to see, at suh energies, the�rst zero of the form fator ?

Figure 2 � Di�erential ross setion of eletrons on H2 versus the satteringangle θ.6 / The authors of the experiment have assumed that the density inside aproton is of the type
ρ (r) = ρ0
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rRelate ρ0 to the other onstants. Compute the form fator. The experimentthat gave rise to �gure 2 allowed to measure the average square radius of theproton : 〈r2〉1/2 = 0, 74± 0, 24 fm.
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Mirror nulei7 / We are going to perform a lassial estimate for the di�erene of energiesbetween mirror nulei (same A but di�erent atomi number). The quantumomputation of the same e�et gives a result di�erent by a ouple of perents.The idea is to assume that mirror nulei have approximatively the same ra-dius and that the only di�erene in their energies is due to the presene ofan additional oulomb interation of the proton. Justify and disuss !8 / What reasonable model ould we take for the harge distribution insideof the nuleus ? For the nulear shape ? Compute the eletri potential andthe orresponding energy in the ase of Z protons.9 / What is then the di�erene in energies between two mirror nulei ? Inthe ase of 15P
29 and 14S

29, one measures ∆E = 4.96MeV. Dedue the valueof r0 in the empirial formula for the radius.
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