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Fig. 1. Schematic diagram of proton radiography system.
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Fig. 2. Shape changed of proton bunch within certain angle-cuts as it passes through the collimation space: (a) z = 0 m; (b) z =

0.6m; (c) z=12m; (d) z=1.8m; (¢) 2= 2.4 m.

032901-2



http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 3 (2020)

032901

WA, P, Bt R s RO R SR iz s A N
TRMITEME E A A 25l Gh AR L) . AT
s 1) MBI B AR B SR AR RUA R (946
WAL 2) —E BB A DL N BP0 G R (H B R
WAT) AHE R FRAEAH .

MG BUR RGELE ), o Ay J7 ) A% 5 5 1
TER 2, FIEAZS ] (2, ) B (y, y')IEHR (u, o)
TEAH 25 8] N 3§00 48 A s FH (o, wd) s, 22K
CHUR A UL 0FRIR, AR SO S AR R AL A5 1
T A2 :

) = Wyt + 0, (1)
Horfrw, 2 w7 M BUR R G VC RS 4, AR AR
PR .

WA S AR B RS AR IE A (u, ),

A

u Ri1 Rio o
(u/> = ( Rt Row > (%) , Hdet(R)=1. (2)
B (1) A (2) 2, I B S
<U> _ ( (R11 + wyR12) uo + R120 ) —
u’ (Ra1 + wy Ra2) uo + Rl
BRI R T Ky e, #BTAH 0., WIAT
Uy € [—T¢, Tc], 0 €[—b., O] . (4)
SR AR AR H 25 ] 3 R IR w iR, K

— M5

ou
Ou,
ou
0

= Ry + wyRo,

= R127

4

ou
oug
ou

a6 =

WYE (5) Al (6) 15

R11 =0
{ = det(R) = 0. (7)
R12 =0

i (2) AT AR G e M 40, PR
BERANFETE, TUA u (BT A RS
Um :{u(rm ec)v U(_Tm 00)7 u(rm _00)»
u(—rc, 70c)}max(min)' (8)

A EIR AT, AR C R B G R A R

A AT AR AT A (B R T A5 5 i AR 2 A
o Fly 7 [ A AR P ) B X0

( 1 2 ) coshkl L sinh &l ( 1t )
R, = k
0 1 ksinhkl  coshkl 0 1
1.
cos kl —sinkl < 1 s )
X ]f )
—ksinkl coskl 0 1
1 =z cos kl lsinkl Tt
R, = k
0 1 —ksinkl  coskl 0 1

y ( cosh ki %sinhkl ) ( 1 s )

ksinhkl  coshkl 0 1 9)
Hr 2 BIEEHA R IEBIE S, | RS RERE,
tFEREAE N Z [0 ) N IR IR B, s & AT T 2]
BB IMERS R R, WK 3TN, k=
VG/(Bp), GIEREGFLE, Bp WAL FHENIE. 8
1 (8) A1 (9) 2nT LAFH 2] B bR A7EHE 525 R /)34
Rk, L 1.6 GeV iR ARG TEUEITR, & 1
Y 1% R G BARSHL

Object Image
K

F F

s 1l "t| D z ! "t| D s |

K3 BT REARGESEOREH
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Abstract

The angle-cut collimator plays an important role in high-energy proton radiography. By using the
collimator, the image contrast can be improved, and the material diagnosis and density reconstruction can be
realized through secondary imaging. As all these techniques depend on the flux value, it is of great significance
to reduce the error of the detected flux value. The ideal collimator is a much thin surface, but thick enough to
block protons outside the collimation region. It is designed by stretching the aperture of the collimation plane.
The shape is cylindrical, and it will increase the error of the flux value with the angle truncation. The initial
bunch is defined and the phase diagram of the bunch within the angle-cut is ideal in the theoretical model. The
equation of designing the collimator is given by theoretical analysis. It is given by the transfer matrix, the
radius of the object and the angle-cut. The pore structure is oval-shaped by calculating and simulating. The
proton imaging system of 1.6 GeV is established by Geant4 program, and the detector is ideal. The round
copper plate and the concentric spheres are chosen as objects respectively. The parameters of the designed
collimator is given by this method. The ideal collimator, tensile collimator and designed collimator are used in
simulation, the radius of object is 5 cm and the angle-cut is 2 mrad and 3.5 mrad. The results show that when
using the ideal and the designed angle-cut collimator, the flux distributions are in good agreement, while when
using the tensile collimator, the result is quite different from that obtained by using the ideal collimator.

Therefore, the collimator designed by this method can effectively reduce the error of the detected flux value.

Keywords: high-energy proton radiography, angle-cut collimator, density reconstruction, Geant4 code
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