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Simulation on Initial Energy Deposition by High Brilliance Xrays
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Electronic and atomic processes under high brilliance Xrays are simulated in order to
estimate the initial heat distributions deposited directly by radiation. In the case of Xray
irradiation, all the process of heat deposition can be traced theoretically making use of
atomic phsyics calculation and the accumulated data of atomic processes. Incident Xrays
interact with material through the process of Compton scattering, Rayliegh scattering and
photo-ionization, ejected high energy electrons slow down by the processes of inelastic
scattering and change their directions by elastic and inelastic scatterings and slow electrons
due to electron-impact ionization and inner-shell excitation processes are also considered.
Some applications to other probelms are also referred.
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Table 1 Cross sections (in barns) of the Compton processes, photo-ionization and the Rayleigh scattering
processes for Si target. o,: total cross section of photon interaction processes, ¢;: cross section of
photo-ionization, o : cross section of the Compton scattering, op: cross section of the Rayleigh
scattering, Op= 0; + O¢ + Op.

hw(keV) gr 0; O¢ Op
- present? éxperi." theor.© present® theor.® present® - theor.? present® theor.?

24.53 110.00 109.42 110.63 101.45 101.47 8.55 6.83 7.88 2.33

30.12 61.85 61.43 62.38 53.45 53.46 8.39 7.02 5.67 1.90

35.06 41.41 41.18 41.90 33.16 33.17 8.24 7.12 - 4.39 1.61

4005 29.89 29.71 30.32 21.78 21.78 8.11 7.17 3.49 1.37

45.18 22.85 22.71 23.22 14.86 14.86 7.98 7.19 2.82 1.17

50.01 18.62 18.28 18.95 - 10.75 10.75 7.87 7.18 2.26 1.02

@ present calculation, ¥ experimental data by J. F. Mika et. al. [13], © theoretical caluclation given in [6],

4 Theoretical calculation [13] but for g they do not exactly correspond to Rayleigh cross sections
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Fig.2 Photo-ionization cross section as a function of
photon energy for Si atom, calculated using the
Dirac-Hartree-Slater code.
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irradiation on a | mm Si plate.
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irradiation on a | mm Si plate.
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Table 2 Energy partition of X-rays in the case of normal incidence to a plate specimen

Si plate
hw (keV) dmm) 0,0 (%) 0,0) (%) N, b) (%) 7. @) (%) 1 (%) 7o (%)
10.0 1.00 0.07 0.00 0.05 0.00 99.9 99.9
30.0 1.00 3.87 5.10 006 0.06 91.0 - 87.3
50.0 1.00 14.66 19.50 0.09 0.18 65.6 612
100.0 1.00 2650 4490  0.08 0.23 28.3 26.3
400.0 1.00 15.00 52.80 - 1.88 019 30.1 31.2
50.0 0.01 16.50 22.20 8.56 20.60 322 61.2
Al plate
ho(keV)  dmm) 1,00 (%) 1,0%)  0.0)(®)  0.0@% 0% 10 (%)
100 1.00 012 0.00 006 0.00 99.8 99.3
30.0 1.00 5.03 6.27 005 007 88.6 84.3
50.0 1.00 16.96 23.20 007 0.14 59.6 55.3
100.0 - 1.00 27.80 47.00 0.04 0.15 25.0 237
4000  1.00 15.10 5275 1.65 - 008 30.4 31.2
50.0 001 18.50 25.40 7.02 17.36 31.0 55.3
C plate
ho (keV) d (mm) @& 1,0% 1.6 (B) 0. O 0% 10 (%)
10.0 1.00 2.74 2.57 0.01 0.01 94.7 917
30.0 100 3133 38.33 0.02 0.05 303 282
50.0 100 36.12 48.60 0.01 0.02 143 13.5
100.0 100 31.90 52.80 0.02 0.01 153 144
1400.0 1.00 14.63 53.50 1.99 0.04 29.8 31.0
50.0 0.01 39.20 51.00 0.26 0.48 9.05 13.5
Be plate
ho (keV) dimm) 0,6 (%) 1,00 %)  1n.06) (%) 1.0 (%) n (%) 1o (%)
10.0 1.00 13.20 12.40 0.01 0.00 74.4 72.1
30.0 1.00 40.33 47.67 0.01 0.13 11.9 1S
50.0 1.00 38.80 51.60 0.01 0.01 9.6 9.3
100.0 1.00 30.50 53.30 0.03 000 162 13.9
400.0 1.00 14.60 53.75 2.83 0.02 28.7 31.0
50.0 0.01 39.20 50.80 0.32 0.60 9.1 9.3

Note : hw is the photon energy, d is thickness of specimen, 7,(b) and 7 4(t) are the percentage of photon energy taken
away by back-scattered photon and transmitted photon, respectively, 71,(b) and 77,(f) are the percentage of photon energy
taken away by ejected electrons for backward and for forward, respectively and 7 and 7, are ¢he percentage of photon
energy stored in the specimen by simulation calculation and estimation by Equation (15).
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40 keV X-rays In SI (1.0cm)
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Fig.12 The energy distribution of Xrays in the case of
Xray energy 40keV and thickness of speci-
men’s plate 1.0cm and injection with grazing
incidence. The energy percentages of purely
transmitted Xrays (77.), forward remitted Xrays
(7.), back-scattered Xrays (1.) and absorbed
Xrays (17.).
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Fig.13 (a), (b) The deposition of Xray energy in the
case of Xray energy 40keV and thickness of
specimen’s plate 1.0cm and injection with
grazing incidence. The deposited energy of
Xrays as a function of deepness in the
specimen plate in the case of various incident
angles. Power deposition cordinate is mea-
sured for 1 kW input power.
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