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3 RMMKRTY AT L (Cgview) DERAE
3.1 Cgview D#EE

Cgview DEHILTH % cgview-3.0.7 74 A% 27 V) v 7 F 5 & RD Main Display 73 %R X
Nz,
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Figure 1: Main display.

EHDOKRE I, YUVAEZMHUTHBIZEE T 2HNTE 5,

1. 5K - fg/h: ~OREREZVEHUAEZEFEYTVA2ZBEH IS,
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3. O NUALERZRVEMUZFETUA2BE XS,

4. EEIEE L THAK Shift F—& YU ALARKX VM UZE IV A 2BE I TS, BEIZE
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3.2 RMEEIOISLDER
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T. shield.exe DH5T 1 L7 M) —IZBEIT S,

axyR7ar 7 (MS-DOS 7u > 7' ) T, shield.exe X AJIL, 7075 LEETT B,

FIWVIZR U TR T A—=X% AT1T B,

1. Key in Material number
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Do you want to produce fluorescence X-ray ? (0:no, 1l:yes)
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. Key in particle type
-1:electron, O:photon, 1:positron, 9:new material

SR BEHROFEE ANT 2, (0)

. Key in particle kinetic energy in MeV (0 means new particle)

BT OEBT R LE—% ANT S, (0.5)

. Key in slab thickness in cm (0 means change energy)

RO X 2 ANT B, (3)

. 50 fEDFHIFIZ DN T DFHEMIE T T 5 &, FFF Key in slab thickness in cm (0 means change
energy) MWRRIND,

. Cgview IZIR D, "File” 227V v 27 L, "% - R T — XG0A” 2 #IRT 5, "shield.exe” &
FITLTWBET ALY M) —IZBEL, FRT —XDENPNTZT 7 1)L (egsbjob.pic) % R
L. OKZ2 Vv 2rd§5,
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Figure 2: P~ 7 A )L 5 & M.
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MERINDDTHMZIEET 5, ZOBFEZIEVEL T, HIHERT 2 HPHES,



Figure 3: #k 3cm 12 0.5MeV Yo+74% 50 fH A&t U 72354 O FREE & Z DHE KK,
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. Key in particle kinetic energy in MeV (0 means new particle) (ZXf U T, 0.1 & AJJ,
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. Key in slab thickness in cm (0 means change energy)
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X fpz AT B HERINE 2> 7 b U EELOFRRE
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TR%Z, KXAOREDEH VIRV F—L 0, DUEWHEIZERET 5, $hoLaid,
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o (774 O THGHAl Z21757BRZ, FErNLVAKFIX, BEBERINERIZFHEL
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AEMKR T TR, a~v R Ty T hRIZED, HILWES 2 ANT 5,
Key in slab thickness in cm (0 means change energy)
DEN=S, [T77 4] O THGEHAI 2170, 8 MIFEZ#E D KT,
TANVF—2EHTLERIE. TTO02ZANT DL, 61285DT, T 2 TRIZHN
WIRLVF—% AT 5,
MBEEZEZ 5B, TXVF—L LT0RANT D, 585D T, TITIZA
HNTBHE 41745, ANRAILHZ#DIKT,

B: S N OS]

1.

AU ST RAGS U580, MHEEAZETICERT 2 TF0EE (P) B X UOHE
e % L7 TEMT 20T 0HEE (S) 2R &, FHROMEIX, Al, Fe. Pb, X7
TANF—1%0.1, 1.0, 10.0 MeV & § 5, FHRHOEZIX, 1. 2. 5, 10 ecm & T 5,
shield.exe TIZ AR FEEL 50 TH 5, MLV EL > TWTIEMIZEZ 5 Z & AR
BGEIZIIME T IV,

lecm OEEIZOA, 1 FHE 2FHIZZ KT 5 K3 h 7 A Tiddkd &, HHE
(s U THERBERE % (& &

3shield.exe & shield.dat IXFEIUTF 4 L 27 M) —D@EIPNTVWEHDE TS,



CEIOBBE LT, PEARE oY bEL, (BT 0m iZHTS10ME Tay b

T &) oz, EBEEECRIREETA, ZORIFHAROMEE 5 S EHRITETHA
FUGEIZ. PHEYID 1/e 22 b3EI2RDL (e=2.72), ZOREI% [HTDF
HEBATRE] (mfp) EIES, FHEBHTEOWES KO3V F —KFII DO W TERYE
Ko 7z, FHEBGEOYBEMZERIIOWTERR L, (¥ b A3 chEE L
72D EN 7))

. W& % Pb, X)L F¥F—%60. 80. 100. 120 keV & UL CEHHATEZ KD, TDxT

ANF—RFEERE L,

(P+S)/PIZHTHD AR LIFENERETH D, BERBRDES, TxLF—,
WA I DWW T EED &,
IANF—EWBEICE o THT L WEO ELMHAEEANED L S IZ2{0T 2 0E%E
Ko 7o, BEHRZW, BB CTEHEEEAPED IS ITHMHEI N, MEIZH-720

LTWa iR &,

6. 5k 7z Al Fe, Pb @ 1 MeV K729 2 HHETREDOME E . ALFe,Pb D
H TR OB & D%

C: PgmfE

4= 4

17 Ao

55 N7 H TS & OHIRD 72 OB GRE 2 BL N IZR T,

Al, p=2.699g/cm3
Energy w/p | A=1/u | Photo/Total | Compt/Total | Rayl./Total
0.1MeV | 0.1704 2.17cm 0.11 0.84 0.05
1.0MeV | 0.06146 6.03cm 1.00
10.0MeV | 0.02318 16.0cm 0.64
Fe, p=7.874g/cm?
Energy w/p | A=1/u | Photo/Total | Compt/Total | Rayl./Total
0.1MeV | 0.3717 | 0.342cm 0.55 0.37 0.08
1.0MeV | 0.05995 2.12cm 0.006 0.99 0.004
10.0MeV | 0.02994 4.24cm 0.0004 0.48
Pb, p=11.35g/cm?
Energy u/p | A=1/u | Photo/Total | Compt/Total | Rayl./Total
0.1MeV 5.549 | 0.0159cm 0.95 0.02 0.03
1.0MeV | 0.07102 1.24cm 0.26 0.71 0.03
10.0MeV | 0.04972 1.77cm 0.01 0.25 0.0006

160Co Dy D & B TEERZ 1T > TV BEEITIL,

FEERRE X B TERIETHR,




Photoelectric Rayleigh scattering Compton scattering

Pair creation Electron bremsstrahlung Positron bremsstrahlung
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Positron annihilation Moller scattering Bhabha scattering
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4.2 BHHEREBICLDZ AV IHBOIRILF—HAEDIalL—Ya Yy

Cgview & MEHFMRHEFIZE D H VYO T2V F—HlE%E > I 2L — MF 5 detecc.exe %[
35, LI, BEE3 AV F (7.62 cm) OMFEIRT, RIBHROES ROMEHROMEIZ, 2
WE BRI LN TE S, MHEBOREH L L TIX, Ge, Nal XU BGO HEINTWS, BT

DHITI,

3AVFIEID Nal ZEL T\ 5,

A: VAT LOENEFED A

1
2.
3.
4

. Key in absorbed energy spectrum form

11.
12.

13.

14.
15.

16.

. Cgview DT A AV ERTVI )Y I 5,

(77 4] @ IDOSHH %< (D)) Z:ERNT 5,
avy R 7y T hEBRENS DT, detecc EANT S, P

LT, FERTE74—~vy b2ERNT S, 0DHAEZRLF - OFLDT 3
VX =L VAR ZADMEM, 1 DGR IFIANVF—FREEZXLF— EROOWTHU
VARV ADIERH HE NG, 55 2EBIN0NE, HHHTEI 7Y 7 MIKET 5,

. Key in Material number (1:Ge, 2:Nal, 3:BGO, 0:End of run) (Zxf LT, 2% AJJ, (Z

i, Nal ZEEd 5, )

. Key in Particle type (-1:electron, O:photon, 1:positron) {ZX LT, 0% AJ, (Z4iE

ST R RS B, )

Key in slab thickness in cm
(0.0 means change energy) (ZXf LT, 7.62 % AJI,

. Key in particle kinetic energy in MeV

(0.0 means change material and particle) IZXf LT, 1% AJ1, (Z4E, 1.0MeV &=
Y 3)

. Key in number of cases (0 means change thickness) IZXf LT, 1 &2 AT 5,
10.

SHEPKRT T2 HY
Key in number of cases (0 means change thickness)
WENLEDT, RRVATLIRD, [T 7400 O KR - REFT — X DFiAAA] %
BIRL, RRT —XOEPNTZT 71 )L (egsbjob.pic) Z:ERL, OKZ227 Vv 7§53,
KT DR VRRR I NS,
A 27y F U, KGO, MIEEHRNTT X TOR AR E 7z &5 h & IRIX
IANF—%Gldkd 5, (BDETHNK, ILROKEREZHEHT S, )
X #i % FEET BB E a3 > 7~ U EELOFRAE
o [FUR] O IFRFEHH] O TR FFRREE] T, ATFOTRILF —HFIELD
TR%Z, K XSO EWIALF—L D, DURWEIZKET S5, DL,
0.088MeV 1275 5,
o (774N @ IHEFHAl 2475 BT, EhNBVHFIE, SEERINRICFREL
ZXBTHD, HABRWEHIZIEI YT M UBELEHIET 5,
BT TR, av Yy Ny T NRIZED, 9 MR ERRDET,
20 [Al1T > 7z 6. Key in number of cases (0 means change thickness) (2% L T, 5000
EANU. BN RV F =302 FARD, (RINT RV F =737k, egshjob.170 &5
Z7ANMIHITNTWS, )
7 L7256, Key in number of cases (0 means change thickness) {2 LT, 0% AJJ
U. 8 DABEZ#E D KT,

Sdetecc.exe & detec.dat IZFIUTF 4 L2 M) —IZEMIPNTVWEEDE TS,



B: %4~ ORI

1. detecc.exe Zf#H L T Nal JEARIZ 1 MeV DY+ % 13T D AR X, Mz 27 v F
U, BISOFME, MESBNTIRTORFRRINI N0 E S PRI 2 ILF—%
Ak &, N 20ETFA, (K6 ROT) (R raMid 5k 7228 5 hId, Y fillE
DIZ90° M ETHFHND, )

20 B DEEERDFE, IRD % BLE X,

(a) BILBA TR AT RTERINZHEOBINT F L F—1FnL 552

(b) #HER TR T O — BRI X N B HE DRI T RV F—EN< 507
(c) R FD Mz FZED T 55E5DRINT RN F—1ZWnL 507

2. BFigefto, RFEE 5000 (HI28% U CIRINT 2L ¥F =02 5HHEE &, (M9) /-
R = I hRE2TFHET L, E—27RIE, AT AL F—DRMEHBIRINE NS
WRTHD, 2RIF, BNZXAVF—DHAHDEHTH 5,

(a) BT RILF—RINE =271k, REFBERIZEIT 2 LD X5 2SR LTV S,
(b) D —2DH 256, EDXIIRKIGITHINT 5D, (k¥ b K-X## (K,=0.028,
Kp=0.033). F7zIZHWA >~ < (0.511 MeV) BRkIF2HE I -2 L5, )
(c) LB IE, MRIBERETOED LS BRIMIHIGLTWBH, £72. ZOHAIE%R

B =7 i o T HEGIHN RN AL DN ?

3. FITRILX—%203MeVBLU3.0MeVIZZEELT1 MeV ERU &S ITRIFAT v
FLRINT RV X —DEEEZIT A,

4. ERRT ANV F WA OLEWHD T AN F - =T TRV F —D7E (AE) IFMTIZEKN S
EM?AE Z AR TRV —oBEBE LT Tay L, HnA L e X,

(Y b)) YT VBELE T3V F — k. (MeV) IZFAFETF TRV F — ko (MeV) &
BELA 0 D o IRDATHHEATE D, ke = ko/{1 + ko(1 —cos)/0.511} T ZTH =180°
DI, ke \XRNZR D, ZD k. OR/IMED LM TH 5,

5. BMEB IV = MBENARNZRIILF—IZLI>TED LD ITEDL LI NERE L,

6. DA, Nal DJSEBEECZ OB TH DM EMEFIZOVWTRHEZZE L, THIZDWV
TELRE L,
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Nal Detector Response for 1 MeV Photon
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KEK BHRRl# Y v 2 — R — L _R—= U9 5 pict_edube3.zip 2 XV »a— KT 5,
(http://rcwww.kek. jp/research/shield/education/index.html)
V2P EDGEIZIE, TEGS  BEIREHE] LW -7 — K TRRY %,
PCIZHB\WT, pict_edubc7.zip ZfEHET B LU TFTD 7 7 A N 21GH I LN TE B,

e Cgview (Application &Hi#ET 57 7 1))
e shield.exe

shield.dat

detecc.exe

detecc.dat

6 HbHYIC

PAETIX, EEYEESEOZH#HEEZNRE UZilHBAOEAF 2 BN U720, Mo oZi#EE
ADHEHAEARETHAEL, ZOVATLATHORELZBRETHZLEAEETH 5,

X, MROHERNS, FEPHARIINTHIZL>TERAR S, EGSH IfEHZHEMETIE. ThFN
DHMZ D > TR 2ERT 22— —a— NE2ELZFIHLVETIEERWY,

K AT b5 7B BN R~ G Cirbi, RT3 2 HiE 2 ED 5RO & %
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1 Introduction

The features that we cannot see or fell radiations causes the difficulty for understanding radi-
ations. The use of radiation trajectories shown on a personal computer(PC) will be useful to
overcome this difficulty.

The use of PC will be interesting for students and the study of radiation trajectories will be
very effective way for understanding radiation behaviors inside materials.

The system called “Cgview” to show trajectories, such as photons, electrons or positrons,
calculated with the electoro-magnetic cascade Monte Carlo code, EGS5[2] has been developed
at KEK[1]. This system runs on the most of PC under Microsoft Windows even the geometries
treated in this system are restricted to cylinders and planes. If the EGS5 user code is written
for the specified program to be used for this display system, it is possible to control various
conditions like a type of particle, an energy of particle etc. by communication with program.

We explain the newest version of our display system (Cgview) and the two EGS5 user codes
(shield and detecc) written for the education purpose on radiations together with examples of a
practice.

It is desired to explain about the EGS5 code system and the uses of the Monte Carlo code used
at the related fields briefly. It is more effective to use this system connected with the practice
of a radiation measurement using calibration source.

2 Brief Explanation about Monte Carlo Method and EGS5

2.1 Monte Carlo method

The calculation using the random number is generally called as “Monte Carlo method”. The
name of Monte Carlo method was introduced by J. von Neumann and S. M. Ulam around 1945.
It may be related to the name of Capital of Monaco, Monte Carlo which is famous as the place
for gambles.

In a radiation transport calculation using Monte Carlo method, a behavior of radiations inside
a material is followed by determining a interaction point of radiations like photon and electron,
a type of interaction, scattering or absorption, etc. using the random number. It is possible to
apply for the various problems like a absorbed dose calculation to a cancer or a noise of a X-ray
film. The Monte Carlo method can be possible to apply the complex geometry like a real human
body and its uses in the medical physics are increasing drastically together with the increase of
the performance of computer.!

2.2 EGS5

The EGS5 code system is the Monte Carlo code to treat electro-magnetic particles like photons,
electrons and positrons inside materials.
In EGS5, the following interactions are treated:

e photons — photoelectric effect, Compton scattering, pair creation and Rayleigh scattering,

e electrons — Mgller scattering, bremsstrahlung, multiple scattering and continuous energy
loss,

e positrons — Bhabha scattering, bremsstrahlung, multiple scattering, continuous energy loss
and annihilation in flight and at rest.

EGS5 are used wide areas like in the medical physics, the high energy physics, the radiation
shielding and the radiation physics.

Lecture Notes about the particle transport by Monte Carlo method which include simple example by hand
calculation is published as KEK Internal[3].
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3 How to Use Trajectory Display System(Cgview)

3.1 Start operation of Cgview

When you double click cgview-3.0.7 icon , which is the newest version of Cgview system, following
display appears first.

=]
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CGVIEW Ver 3.0.7
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Figure 1: Main display.

The display size can be changed by using a mouse.

Zoom in/out Move the mouse while pushing the right button of the mouse. Zoom in and out
by moving the mouse downward and upward, respectively.

Parallel movement Move the mouse while pushing both the right and left buttons or the
central button of the mouse.

Rotation Move the mouse while pushing the left button of the mouse.

Specified Range Move the mouse while pushing the shift key and right button. Expand up
to the specified white frame area.

3.2 How to use EGS5 user code

We will explain how to use the EGS5 user code using shield.exe including in this tool kit.
When a user needs to open a DOS window to run an EGS calculation, select [File]- [Open
DOS window] in the main menu. Then command prompt window shows up.
It is supposed to use c:/education/shield.exe.
If the current directory is not ”c:/education”, change directory by type in ”cd c:/education”.
Start programme by type in shield.exe.
Key in parameter for a given question.

1. Key in Material number
1:Al, 2:Fe, 3:Pb, 4:Air, 5:PMMA, 0:end
Enter the material number. (2)

2. If you select lead as the material, a following question will appear.
Do you want to produce K X-ray of Lead 7 (0:no, 1:yes)
You must key in 0 or 1 depending your requirement for K X-rays production.
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. Key in particle type
-1:electron, O:photon, 1:positron, 9:new material
Enter the type of source particles.(0)

. Key in particle kinetic energy in MeV (0 means new particle)
Enter the kinetic energy of source particles in MeV unit. (0.5)

. Key in slab thickness in cm (0 means change energy)
Enter the thickness of the shield in cm. (3)

. When the calculations for 50 sources is finished, “Key in slab thickness in cm (0 means
change energy)” will be displayed again.

To read in file, select [File]-[Read geometry/trajectory data] in the main menu. Then, file
dialog is displayed. Specify the file to be read in.

. Particle trajectories will appear.

Check the geometry display type. If it is ” Wire frame”, change to ” Polygon”, with selecting
[Display Type]-[Polygon] in the main menu.

ug BuERE JAAM-FRY T - Opening Data - m] x|
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CGVIEW Ver 3.00

ERT-FEFX
DOSEEERL(D)

#70@

Y BT HERRLTUEEL,

Figure 2: Define the file which includes the particle trajectories.

Following procedures can be possible to apply for the shown display.

e Move mouse while pushing the shift key and right button. Expand up to the specified
white frame area.

18



Figure 3: Trajectories inside 3 cm iron for 50 photon incidents with 0.5 MeV and its expanded
display.

Rotation Move the mouse while clicking the left button to rotate the displayed objects.

Change items The following items can be changed regarding the particle trajectory dis-
play: history region, line color and line type for each kind of particle, and energy
region. Select [Environment]-[Environment for Display| in the main menu to make a
change.

Title A title can be displayed in a window. Please check [Title Display| in the General
display. Then, a sample title appears in an input box, as shown in the following
figure. The title can be typed in here. Also, a displayed title can be moved inside
the main window by a left click.

Legend of Particle Display Legend to show the color and the line type of each particle
can be included inside the display window by selecting ” Legend of Particle Display”.
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4 Examples of Practices using Cgview

In the following examples, it is assumed that the PC in which Cgview and files necessary are
insltalled is prepared for a each student.

4.1 Study of interactions of 0.1-10 MeV photons with Al, Fe and Pb

In this example, Cgview and shield.exe are used.

A: Explain how to use the system to students. (It is desired to show the way of handling using
the projector connected to a PC.)

1.
2.

© N oo W

12.

13.

14.

Double click the Cgview icon.

Shows up the commannd prompt by selecting [File]-[Open DOS window]| in the main
menu.

Enter shield on this prompt.2

Enter 1 for “Key in Material Number”. (This means that the material is aluminum.)
Enter 0 for “Key in Particle Type”. (This means that the particle type is photon.)
Enter 0.1 for “Key in particle kinetic energy in MeV (0 means new particle)”.
Enter 0.1 for “Key in slab thickness in cm (0 means change energy)”.

When “Key in slab thickness in ¢cm (0 means change energy) will appears again,
return to the display system.

Select [File]-[Read geometry/trajectory data] in the main menu. Then, file dialog is
displayed. Specify the file (egs5job.pic) to be read in.

. Counts the type of interactions for 1 c¢m shield.
10.
11.

For determining the type of interactions, Fig. 4 will be used.

How to distinguish between K X-ray emission after photoelectric effect and Compton
scattering.

e Set the cut-off energy of photon to a slightly higher than the highest energy of
K X-rays. In the case of lead, set to 0.088MeV.

e If the trajectory of this photon disappears, the interaction is photoelectric effect.

If the above counting is finished, return to the Command prompt (MS-DOS prompt)
and repeat procedure after 7.

If you enter 0 at the step 7, you will return to the step 6 and change energy of source
particles.

If you enter 0 as the energy, you will return to the step 5. Enter 9 and repeat from
the step 4.

B: Example of subjects to students

1.

Calculate the probability of un-collided photons (P) and that of transmitted scattered
photons (S) by counting the un-scattered and transmitted scattered photons during
50 source photons for the following cases.

e material — Al, Fe and Pb
e incident photon energy — 0.1, 1.0, 10.0 MeV
e plane thickness — 1, 2, 5, 10 cm

2Change directory to the one that shield.exe is included if shield.exe is not included in the current directory.
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2. Count the type of interactions for 1 cm case. Use the “EXPAND” function to deter-
mine the type of interaction.

3. Plot P on a semi-logarithmic graph as the function of thickness including 1 for 0 cm
for each material and an incident photon energy.
e Perform a regression calculation with an exponent.
e Calculate the thickness at that the P becomes 1/e (e=2.72).
e This thickness is called as “photon mean free path (mfp)”.

e Consider the material or incident photon energy dependence of the mean free
path.

e Express the physical meaning of the mean free path.

4. Consider energy dependence of the mean free path of Pb for the incident photon
energy of 60, 80, 100 and 120 keV.

5. (P+8S)/P is the quantity called as a “number buildup factor”. Consider the depen-
dence of the number buildup factors to the plane thickness, the incident photon energy
and the material.

6. Consider how the main interaction varies depending on the source energy and the
material.

7. Express how is each interaction used at the diagnostics or the treatments using pho-
tons.

8. Compared the obtained mean free paths of Al, Fe, and Pb for 1 MeV photons with
the theoretical ones.?

C: Theoretical values of photon cross sections

Al, p=2.699g/cm3

Energy u/p | A=1/u | Photo/Total | Compt/Total | Rayl./Total
0.1MeV | 0.1704 2.17cm 0.11 0.84 0.05
1.0MeV | 0.06146 6.03cm 1.00
10.0MeV | 0.02318 16.0cm 0.64
Fe, p=7.874g/cm?
Energy w/p | A=1/u | Photo/Total | Compt/Total | Rayl./Total
0.1MeV | 0.3717 | 0.342cm 0.55 0.37 0.08
1.0MeV | 0.05995 2.12cm 0.006 0.99 0.004
10.0MeV | 0.02994 4.24cm 0.0004 0.48
Pb, p=11.35g/cm>
Energy w/p | A=1/u | Photo/Total | Compt/Total | Rayl./Total
0.1MeV 5.549 | 0.0159cm 0.95 0.02 0.03
1.0MeV | 0.07102 1.24cm 0.26 0.71 0.03
10.0MeV | 0.04972 1.77cm 0.01 0.25 0.0006

3If the corresponding measurement using °Co ~-rays was done in advance, it is better to compare with the

experimental ones.
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Photoelectric Rayleigh scattering Compton scattering

Pair creation Electron bremsstrahlung Positron bremsstrahlung
N
/
I/
‘,
Positron annihilation Moller scattering Bhabha scattering

Figure 4: Schematic diagrams of each reaction. photon: black dotted line, electron: red line,
positron: blue line. (On display, photons are displayed as yellow line.)
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100 \

Number of photons without interaction

Al thickness (cm)

Figure 5: An example of the plot of attenuation curve.

22



4.2 Simulation of y-ray energy measurement by a radiation detector

In this practice, the EGS5 user code detecc.exe which is written for the energy deposition
calculation of various radiation detector together with Cgview. A diameter of the detector is
fixed to 3 inches(7.62 cm) but its thickness of the detector can be set by the student. Ge, Nal
and BGO are prepared as the detector.

A Nal detector with 3 inches thickness is supposed in the following example.

A: How to use the system

1.
2.

Double click the icon of the Cgview.

Shows up the commannd prompt by selecting [File]-[Open DOS window] in the main
menu.

3. Enter shield on this prompt.*

11.
12.

13.
14.

15.

16.
17.

Enter a type of energy spectrum for “Key in absorbed energy spectrum form” de-
pending on the graphic software that student will use.
0: A response is given for corresponding to the middle value of the energy bin.

1: A response is given both for corresponding to the lower and upper energy of the
energy bin.

. Enter 2 as a type of the detector for “Key in Material number (1:Ge, 2:Nal, 3:BGO,

0:End of run)”. (This means that the detector is Nal.)

. Enter 0 as the type of particle for “Key in Particle type (-1:electron, O:photon,

1:positron)”. (This means that the source particle is photon.)

Enter 7.62 as a detector thickness for “Key in slab thickness in cm (0.0 means change
energy). (This means that the thickness 7.62 cm.)

. Enter 1 as a source particle energy for “Key in particle kinetic energy in MeV (0.0

means change material and particle).

. Enter 1 as a number of cases for “Key in number of cases (0 means change energy)”.
10.

Key in number of cases (0 means change energy) will appear again when a required
calculation is finished.

Return to the display system.

Select mortjob.pic as the trajectory data file using a sub-menu “Data file open” of
the menu “file” and click “OK”.

Particle trajectories will appear by clicking “Redraw”.

Sketch trajectories and record a type of interaction and an energy deposited in the
detector.

How to distinguish between K X-ray emission after photoelectric effect and Compton
scattering.

e Set the cut-off energy of photon to a slightly higher than the highest energy of
K X-rays. In the case of lead, set to 0.088MeV.

e If the trajectory of this photon disappears, the interaction is photoelectric effect.
Return to the Command prompt and repeat from the step 9.

After 20 times attempts, enter 5,000 as a number of cases for “Key in number of cases
(0 means change thickness)” and study a distribution of absorbed energy.
The distribution of the absorbed energy is written on a mortjob.17o.

4Change directory to the one that shield.exe is included if shield.exe is not included in the current directory.
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18. Repeat from the step 8 by entering 0 for “Key in number of cases (0 means change
thickness)”.

B: Example of subjects for students

1. Enter a 1 MeV photon to a 3”7 length Nal detector using detecc.exe, and sketch
trajectories. Record the type of interactions and energy absorbed inside the detector.
Repeat this 20 times. (see Figs. 6 and 7) (Rotate 90° around Y-axis to see a leak of
a radiation from the detector)

Study following items after 20 times trials.

(a) How is the absorbed energy when all particles are absorbed inside the detector?
(b) How is the absorbed energy when part of particles are absorbed inside the detec-
tor?
(c) How is the absorbed energy when a photon transmits without any interaction?
2. Calculate the absorbed energy distribution for 5000 source photons. (Fig. 8) Record
a total and a peak efficiencies. A total efficiency is the sum of the energy distribution

and a peak one is a probability that an energy of an incident photon is absorbed
inside the detector.

(a) What reaction in the sketch of trajectories is corresponding to a full energy
absorption peak?

(b) What reaction is corresponding to other peaks it they are exits? (Hints: There is
a possibility to make a peak if K X-rays(K,=0.028, K3=0.033) or annihilation
photons leaks from the detector.)

(c) What reactions in the sketch is corresponding to a continuous part? Why does
a peak not appear in this case?

3. Repeat the same things for 0.3 MeV and 3.0 MeV photons.

4. What is the reason of the difference between the highest energy of the continuous
part and the peak energy (AFE)? Plot AE as the function of an energy of source
photons and compare with a theoretical value.

Hints
e A recoil photon energy, k. (MeV), after Compton scattering can be calculated by
a following equation for a energy of incident photons, kg (MeV), and a scattering
angle, 0. k. = ko/{1 + ko(1 — cos#)/0.511}
e A recoil energy, k. becomes a minimum for § = 180°. This minimum value of k.
is corresponding to the theoretical value of the above comparison.

e Consider a source energy dependence of total and peak efficiencies.

e Make problems about a response function or basic interactions by yourself and
consider about them.
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5 How to get Files

Get pict_edubc3.zip from the “KEK Radiation Science Center” Web page.

(http//rcuww.kek. jp/research/shield/education/index.html)

In the case that link was disconnected, please search by the key word of “egs radiation education”.
Extract pict_edubc3.zip on PC.

The following files are extracted:

o egsh-cgview (Related files to application)

shield.exe

shield.dat

detecc.exe

detec.dat

6 Summary

We presented examples of the lecture for students in medical physics above. It is possible to
apply these examples to students in other fields. It is also possible to make other subjects using
the programs including in this system.

Subjects and items to be studied are different for each research field. It is possible to make
a user code which produces trajectories suitable for each field if he/she understands how to use
EGS5 system.

We hope that this system is used as the tool of various lectures and is useful for understanding
of radiations.
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Figure 6: Example of sketches of trajectories. A trajectories of an electron is hard to see due to
short distance. Therefore, a trajectory of electron in this sketch is written longer than the real
one. C, P, and E in the figure indicate Compton scattering, photoelectric effect and an escape
from the detector, respectively. An absorbed energy shown at the command prompt (MS-DOS
prompt) is also written for each sketch.
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Figure 7: Example of sketches of trajectories. A trajectories of an electron is hard to see due to
short distance. Therefore, a trajectory of electron in this sketch is written longer than the real
one. C, P, and E in the figure indicate Compton scattering, photoelectric effect and an escape
from the detector, respectively. An absorbed energy shown at the command prompt (MS-DOS
prompt) is also written for each sketch.
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Nal Detector Response for 1 MeV Photon
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Figure 8: Absorption energy distributions for 1MeV, 0.3 MeV and MeV photons.
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