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The Moliere formalism for multiple scattering of charged particles in various materials requires
knowledge of the elastic scattering form factors.  The Thomas-Fermi model of the atom is customarily used
to obtain these functions.  However, this is not accurate for the light elements.  The correct form factors for
the four lighest elements are given.  Heavy beam parrticles can only be scattered thru a limited angle by the
atomic electrons and this modifys the contribution to the scattering process by the atomic electron.
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Scattering Cross Section Formulas
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A Summary of the Formalism.
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The Role of the Electron.
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Fig.1  Comparison of mu-e and mu-p coulomb scattering in the laboratory frame.  There
is a Jacobian peak at an angle corresponding to 90 degrees in the CM system.
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Fig.2.  The elastic form factors for H, He, Li, and Be as a function of momentum transfer
in units of eV/c.
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Fig.3.  Inelastic form factors for H, He, Li, and Be as a function of momentum transfer in
units of eV/c.
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H He Li Be
Elastic 4161.76 6977.6 7368.14 7645.22
Inelastic 1808.69 3100.32 2597.54 2946.29

Table 1.  Elastic and inelastic pa  as defined in (14)�
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H He Li Be
TF values 4493.45 5679.4 6521.89 7200.9
Using FF 2743.6 5324.43 5677.52 6317.82

Table 2.  Comparison of the shielding pt obtained by using the Thomas-Fermi potential
with that obtained by using the correct form factors�
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H He Li Be
3.51257 2.97368 3.15061 3.0246

Table 3.  Values of the integral in (19) for H, He, Li, and Be�
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PDG TF ZZ ZZ1
�pt�,MeV c 3.65779 3.44134 3.34293 3.57731
B na 13.1343 24.7876 14.1927
pc,eV c na 949565. 671444. 949565.

Table 4.  Scattering constants for a 20 cm liquid hydrogen absorber in a 200 MeV/c muon
beam.
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KeV c H He Li Be
0 0 0. 0. 0.
1 0.00122579 0.00019731 0.0043878 0.0021693
2 0.0168174 0.00296658 0.0402034 0.0259832
3 0.0671607 0.0133741 0.0979657 0.0852592
4 0.157525 0.0369671 0.143676 0.163794
5 0.274611 0.0752857 0.177087 0.233889
6 0.398745 0.12784 0.20521 0.285853
7 0.514607 0.191695 0.232322 0.320239
8 0.614344 0.26176 0.264038 0.345281
9 0.695986 0.334019 0.298212 0.365568
10 0.760835 0.404208 0.336369 0.386346
12 0.850759 0.532576 0.415117 0.427279
14 0.904663 0.638399 0.492753 0.472024
16 0.9373 0.721427 0.566959 0.519628
18 0.957528 0.784948 0.634479 0.567828
20 0.970417 0.833107 0.692373 0.614639
22 0.978865 0.869604 0.741815 0.658635
24 0.984551 0.897212 0.783482 0.69911
26 0.988474 0.918205 0.818218 0.735093
28 0.991243 0.934029 0.847101 0.765351
30 0.993236 0.946645 0.871064 0.788816
32 0.994699 0.956635 0.890856 0.808967
34 0.99579 0.963896 0.907111 0.831795
36 0.996616 0.970113 0.920769 0.856754
38 0.997251 0.975711 0.932553 0.880636
40 0.997744 0.979959 0.942497 0.896568
42 0.998132 0.983341 0.950756 0.90974
44 0.998441 0.985977 0.957536 0.92052
46 0.998688 0.987985 0.963044 0.929274
48 0.998889 0.989487 0.967489 0.936369
50 0.999053 0.990722 0.971263 0.942553

Table 5. Elastic form factors for H, He, Li, and Be vs the momentum transfer in KeV/c



KeV c H He Li Be
0 0 0. 0. 0.
1 0.0687968 0.0263941 0.119737 0.0674925
2 0.242546 0.100297 0.293405 0.217386
3 0.451147 0.204866 0.384683 0.363757
4 0.636264 0.326799 0.427745 0.467245
5 0.773456 0.445261 0.474665 0.532581
6 0.86418 0.553042 0.524881 0.574883
7 0.920115 0.646624 0.576474 0.60429
8 0.953258 0.722846 0.626745 0.632557
9 0.97253 0.784685 0.674502 0.658884
10 0.983682 0.832129 0.717936 0.688324
12 0.993973 0.899343 0.79285 0.741407
14 0.997613 0.939511 0.850684 0.790035
16 0.998985 0.96321 0.893521 0.832511
18 0.999539 0.977259 0.924389 0.868148
20 0.999778 0.985699 0.946279 0.89715
22 0.999887 0.99088 0.961747 0.920243
24 0.99994 0.994001 0.97257 0.938361
26 0.999967 0.995967 0.980165 0.952384
28 0.999981 0.997073 0.985336 0.963152
30 0.999989 0.997993 0.989269 0.971527
32 0.999993 0.998732 0.992206 0.977954
34 0.999996 0.99898 0.993926 0.982654
36 0.999997 0.999251 0.99542 0.986433
38 0.999998 0.99958 0.99686 0.989671
40 0.999999 0.999734 0.997764 0.992142
42 0.999999 0.99984 0.998413 0.994017
44 0.999999 0.999907 0.998847 0.995384
46 1. 0.999942 0.999107 0.996332
48 1. 0.999953 0.999234 0.996946
50 1. 0.999957 0.999314 0.997406

Table 6.  Inelastic form factors for H, He, Li, Be vs the momentum transfer in KeV/c.
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Figure 7.  DPGEANT Monte Carlo prediction for 184 MeV/c muon scattering in a 32 cm
thick Hydrogen absorber.  The horizontal scale is histogram bins with maximum angle of
100 mr.  The curve through the data is the normalized Moliere shape, and the lower curve

the Gaussian central core for comparison.
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