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Fig. 1. The relationship between rYel and G for differ-
ent materials: (a) Al, Cu, Pb; (b) Mg, Fe, W.
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Table 1. The OU /G value of the material, the energy
of the proton is 1.45 GeV and 1.6 GeV.

AU /8G (1.45 GeV) OU /G (1.6 GeV)

e
MeV-cm?.g~1 MeV-cm?.g~1
Air —0.0928 —0.0414
Mg —0.0878 —0.0546
Al —0.0864 —0.0537
Fe —0.0326 —0.0045
Cu —0.0294 —0.0018
w —0.0015 0.0225
Pb —0.0158 —0.0056

B U RO, UM T REERE.
B % L R BUR T — SR R B L,
(1) 2R (4) XRIR 2R AR R ER IR AN

m k

Hrb AE; 7255 i 2 BN R RE R RAE, Upor 2
R kBB m B UAE, L 2 VT HERER S mk A
TR, EASIRNE AR kROGERARSE. WL
o (8) kAT %5 BE E A

%2 JRTHRERDHIN1.45 GeV Fl 1.6 GeV I, #EHH

U i

Table 2. The U value of the material, the energy of
the proton is 1.45 GeV and 1.6 GeV.

BhEL U (1.45 GeV) U (1.6 GeV) ‘&
MeV-cm?.g~1 MeV-cm?.g~1 U
Air 1.859 1.843 0.86%
Mg 1.718 1.703 0.89%
Al 1.660 1.645 0.91%
Fe 1.493 1.479 0.93%
Cu 1.443 1.429 0.93%
w 1.167 1.159 0.73%
Pb 1.147 1.141 0.52%
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Fig. 2. The energy distribution of the emitted proton.
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Fig. 4. The schematic diagram of a proton CT scanner.
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Abstract

A method of using energy loss to reconstruct the density is presented with protons at intermediate and high energy
for proton radiography, and the equation and condition of density reconstruction are given based on the Bethe-Bolch
formula. For the intermediate and high energy proton radiography, the stopping power of material is changed slowly
within a certain energy range, and the stopping power can be approximated as a constant, then the multi-material
object can be reconstructed by using the energy loss information. In this work, the protons at 1.6 GeV which can be
obtained by China Spallation Neutron Source are used in the radiography, and the energy loss information is used in the
reconstruction, and the Geant 4 is applied to Monte Carlo simulation. From the theoretical calculation and the Geant4
simulation, it can be seen that when the protons energy ranges from 1.45 GeV to 1.6 GeV the stopping power of material
can be approximately constant, and the relative change of material stopping power is less than 1%, thus the stopping
power of material is only dependent on the incident proton energy, and the density of the multimaterial object can be
reconstructed by the energy loss information. The proton scanning imaging system which can avoid blurring image
caused by multiple coulomb scattering at the receiving plane is used in the proton radiography to obtain the energy loss
information. In the imaging system, two energy detectors are employed to record the incident energy and exit energy of
protons, the object is scanned by the protons with a certain step length, and the object is rotated 180° or 360°. The
energy loss distribution of the object can be obtained by the scanning imaging system, and the density of the object
can be reconstructed by solving corresponding equations. The Geant 4 is used to simulate the proton scanning imaging
system. In the simulation, the object is the scaling french test object (FTO) that the areal density is 113 g/cm?, the
protons are monoenergetic at 1.6 GeV, the scanning interval is 0.5 mm, and the rotation angle is 0.9. The results of the

density reconstruction of the scaling FTO are in good agreement with the true values.

Keywords: energy loss, density reconstruction, Monte Carlo simulation, Geant 4
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