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THE NONRELATIVISTIC LIMIT OF THE COMPTON SECOND ORDER S-MATRIX ELEMENT

There are two Feynman diagrams for the second order amplitudes of the Compton scattering process shown in the following figure:
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The sum over all intermediate states can be replaced by introducing the Green function of the Dirac equation with Coulombian field,
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According to the Hostler result in our case, to the iterated Green funtion {I + Eangr PIHGO (r, 1;;QQ) corresponds the
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iterated Dirac wavespinor with asymptotic behavior given by a spherical incoming wave
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and u,(p) 1s a normalized Dirac spinor describing a free electron with momentum p and polarization p . The momentum p
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The dominant term u'’(r) of the spinor u'’(r) is the solution of the Schrddinger type equation 5
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and the parameter v are given by relativistic kinematics (

The ground state Dirac spinor is
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In the nonrelativistic approach we put y=I and the spin term should be neglected, a consistent procedure for not too large momentum transfers.

The Compton matrix element for any s-state may be expressed in terms of invariant amplitudes A,B,C,D and E given by the equations
A=0-P(Q)-P(,),E=—(T(Q)+T(€,)), B=—(L(£2))+L(€,)),C=—-R(€2)+5(,),D==5(€)+R((,), (1.16)
Taking into account the expression of the sixfold integral [3] involved in eqs (1.11) and (1.12) and the integral representation

of the Coulomb Green’s function in the momentum space, we obtained the invariant amplitudes for Compton scattering in

terms of five amplitudes involving four distinct Lauricella functions of D type. Thus, the triply differential Compton scattering
cross-section could be analytically expressed. Some of the amplitudes are the following
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In the case of unpolarized initial photons the triply and doubly differential cross-section are, respectively:
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The Laurlcella functions have been calculated usmg the integral representation:
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We developed a special quadrature algorithm for performing this integral, with variable step sampling [5] for optimizing the
speed of the calculus, that allowed the double integration over the solid angle for obtaining the doubly differential scattering cross
section and a further integration over the energies for obtaining the singly differential one.

NUMERICAL RESULTS FOR COMPTON SCATTERING ON K-SHELL ELECTRONS

The predictions given by our formulae show a good agreement with experimental results and the full relativistic numerical evaluation
of Bergstrom et al [6]. For intermediate and high Z targets, the agreement are within 10% for the whole spectrum and any scattering angle for
photon energies below 300 keV with relativistic kinematics terms included. For z=82 and 661 keV incident photon energy the same precision
was achieved for scattering angles below 60°. We present here some of our numerical results for the doubly and singly differencial cross
sections.
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Doubly differential cross-sections for the scattering of 145 keV photons from a K-shell electron of tin: present work (green); Bergstrom et al. calculations [6] (red).
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FOR TWO PHOTON PROCESSES
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Doubly differential cross-sections for the scattering of 279 keV photons from a K-shell electron of gold: present work (green); Bergstrom et al. calculations [6] (red).
The relativistic kinematics terms are included.
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Comparison between the doubly differential cross-section with relativistic kinematics terms included (RK), and nonrelativistic(NR) for Z=79 and 145 keV
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Doubly differential cross-sections for the scattering of 145 keV photons from a K-shell electron for gold and uranium:nonrelativistic limit (green);
relativistic terms included (black) ; Bergstrom et al. calculations [6] (red).
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Doubly differential cross-sections for the scatterlng of 279 keV photons
from a K-shell electron of various Z elements, relativistic terms included
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THE NONRELATIVISTIC LIMIT OF THE RAYLEIGH SECOND ORDER S-MATRIX ELEMENT
The eqations for the matrix elements for Rayleigh scattering are similar to those that appear in the case of Compton

scattering unless the final state Dirac spinor, which in the Rayleigh case corresponds to the ground state.
We point out that in the specific case of Rayleigh scattering the intermediate states belonging to continuum spectrum for which
E =E,+o or E = E, —® have a large contribution to the matrix elements M (€Q,) and M(Q2,) respectively.

Following the method of calculation of Gavrila and Costescu [3] we get the matrix element for
Rayleigh scattering written as:
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In the nonrelativistic limit (NR), below the photoeffect threshold, we get (the upper sign being for
Q,, the lower for Q,):
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The Appell’s functions variables are given by the relationships:
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In accordance with the symmetry properties of the process we may obtain & (€2,) from (2.7)

by changing the sign in the front of the energy o 1.e. ® »> —o .
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Angular distribution of the Rayleigh scattering cross section for a K-shell electron
of Ag at 40.25 keV, in the nonrelativistic limit (squares), the full relativistic results

(solid squares) and dipole approximation (triangles).
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Comparison of the Rayleigh scattering amplitude obtained by us in the nonrelativistic

limit to the relativistic S-matrix results of Kissel et. al. [7] (RMP) for Z=47, 6=0.

o (keV) KRrEL M(present work) M(RMP (%)
ref[7] )

5.41 0.174544 -0.033681 -0.0335 0.54
17.43 0.562347 -0.659291 -0.649 1.58
22.10 0.713016 -3.98604 -3.713 7.35
26.0 0.838842 0.862004 0.895 -3.68

Comparison of the Rayleigh scattering amplitude obtained by us in the nonrelativistic
limit to the relativistic S-matrix results of Kissel et. al. [7] (RMP) for Z=82, 6=0.
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electron of Pb at 40.85 keV, in the nonrelativistic limit.

o (keV) KRrEL M(present work) M(RMP &(%)
ref[7] )

5.41 0.0532576 -0.00255512 -0.00254 0.59
17.43 0.171586 -0.0275683 -0.027 2.1
40.85 0.402139 -0.190065 -0.187 1.91
59.5 0.585735 -0.657714 0.4
74.96 0.737928 -10.05 -10.536 -4.60
84.26 0.82948 1.03691 1.2155 -14.65

CONCLUSIONS

The good agreement of our calculation with the full relativistic results shows that, for the presented
energies regime, the main relativistic kinematics terms are cancelled by retardation and multipoles
terms, and the remaining terms have a nonrelativistic origin. Also, the spin effects are small but
they settle on the right locations and number of physical resonances. For high Z values, even in the
nonrelativistic limit where the nonrelativistic terms are largely dominant, all resonances and
threshold energies values must be considered in accordance with their relativistic values.
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