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Motivation

The goal is to use of AOT’s e-Linac for Space Detectors‘ Performance
testing

To do this we need full Monte Carlo (MC) description of irradiation
system as well as a Beam Monitoring Detector system (BMDS)
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Terni Hospital e-Linac
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Physics Lists & Applied Cuts

Two kinds of physics list classes are available;
G4VUserPhysicsList for relatively simple physics lists
G4VModularPhysicsList for detailed physics lists

Recommended Built-in Physics used
G4EmStandardPhysics option1
G4EmStandardPhysics option2
G4EmStandardPhysics option3
G4EmPenelopePhysics Iprocess/eLoss/binsDEDX 480

G4EmLivermorePhysic Iprocess/eLoss/binsLambda 480

Particle production thresholds (Cuts) = 0.1 and 1 mm
StepSize (Steps) =1 and 100 mm

Generated primaries — mono-energetic electrons
with no beam divergency (energy range 4-20 MeV)
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Beam Profiles

Beam profile width from FWHM [ Beam profile @ SSD=100cm |

16000 — SSD [Entries)
C 100 cm [1250086]
14000 ; — 110 em [1081278]
r 120 cm [931883]
C — 130 cm [796613]
12000 — — 170.cm [502042]
C 180 cm [452884]
10000/— 190 cm [432008]
E 200 cm [406122]
8000
6000
4000
2000
T||I\\\\\T||||||||||||||-T\\\Illr’

e
-950 -200 -150 -100 -50 0 50 100 150 200 250
Hit positions along X [mm]

Sample plots @ 100 cm with option3
15 MeV (mono-choromatic, no beam divergence)

7000— SSD [Entries] 9000— SSD [Entries]

C — 100 cm [220014] E — 100 cm [1030072]

C —— 110 em [214576] 8000— —— 110 em [876700]
6000 — 120 cm [210321] = 120 em [721562)

E — 130 cm [207853] 7000 — — 130 cm [588760)
5000 170 cm [2021648] C 170 cm [299874)

C 180 cm [201302] E — 1B0 cm [261582)

r 190 em [200402] 8000 C 190 em [231606]
4000 200 cm [199765] 5000 E 200 em [206357)
3000 4000

E 3000
2000— C

r 2000 —
1°°°;_ 1000 — | . ,

- T G : = s e

T b Ly sl . 5 (NSRRI ST ST B Ertre it v by b b by by b B T

-550 -200 -150 -100 -50 0 50 100 150 200 250 -g 0 -200 -150 -100 -50 0 50 100 150 200 250
Hit positions along X [mm] Hit positions along X [mm]

7th Geant4 Space Users Workshop, 18-20 August, 2010



Beam Profile Widths
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Beam Profile Widths
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Beam Profile Widths

Beam Profile Width Percent Deviation = ((MC-Data)/Data)x100
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Dose & Energy
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cut=0.1mm step=1 mm
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Dose & Energy
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Available Energy @ Detector Surface
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Available Energy @ Detector Surface
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Available Energy @ Detector Surface
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Flux @ Detector Surface

Steps to obtain flux
» Convert Energy [MeV] to Dose [Gy]
> Conversion factor [CF] = DoseGeant4 / DoseExperimental

> Flux = CF x DetectorSurfaceHits / DetectorSurface / Time
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Flux @ Detector Surface

[ 15 MeV e beam |

. . x10°
From fits one can estimate | - = GaEmstandaraPrysics optio
u a 7000 — G4EmStandardPhysics_option2
@ a glven dlstance- E ] G4EmStandardPhysics_option3
) ?5000 :_ . ] G4EmP.eneIopePhysilf:s 15 MeV & beam
% C = u G4EmLivermorePhysics
¢ 5000—
> Flux e
G 4000— " R
> Kinetic energy & ol ” = s art 2
S3000- =, ~30x10° particle/cm?/sec A
= u ] 3 E u E r
» o in Kinetic energy  Zuw- . @ 300cm
C L] I:. & F
- LIy | ” L
‘1000: IIE!I 2 10° -
- s . =il 3
cuts=0.1mm step=1mm o555 iuegfgrnmssggoemensgigemeseny [
SSD [cm] E | | | | | |
700 200 300 400, 500 600
S5D [cm]
| 15 MeV e beam | | 15 MeV e beam |
14.8 _II u G4EmStandardPhysics_option1 E | G4EmStandardPhysics_option1 ="
- I==. G4EmStandardPhysics_option2 90— G4EmStandardPhysics_option2 ....
- .==I. ] G4EmStandardPhysics_option3 E G4EmStandardPhysics_option3 .l. -
14.6 B ..::.. ] G4EmPenelopePhysics 80 - G4EmPenelopePhysics ... .liill
%‘ = .l:l.. ] G4EmLivermorePhysics e G4EmLivermorePhysics ..l ..iill
> 1441 l..l.. I~ C ..l l.=ll
g L .l.:.l. i 60— .l. I===l.
L . C u
S 142 g, # goF - IIII
8 i " " b 50 . ||I
£ B ..l "y = .l'llll
o o L =gl
X 14— _ gy 40— ...
L .I. .l. e .iill
u C
- ..... l.. 30— Illlll
13.8— iy E ll
L [ ] = L
H | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 |.| 20T_.| 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
100 200 300 400 500 600 100 200 300 400 500 600
SSD [em] SSD [cm]

7th Geant4 Space Users Workshop, 18-20 August, 2010

15



Double Sided Silicon Detector (pssb)

Double sided silicon detector
> 35x35 mm? and 1.5 mm thick

> 64 channel on p and n sides with

readout pitch of 500 um
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Conclusions 1/2

» Beam & Dose profiles from Advanced Markus Chamber used
in AOT e-Linac is compared with full Geant4 simulations

> Measured Beam & Dose profiles are in better agreement with MC
by using cuts=0.1 and step=1mm with G4EmPenelopePhysics

» To reach the same number of simulated events longer computation
time is required for G4EmPenelopePhysics and
G4EmLivermorePhysics

> In e-Linac facility we can obtain uniform energy distributions at
almost all distances and deliver to DUT surface electron fluxes
(from few particles/cm?/sec at about 550 cm up to
10° particles/cm?/sec at 100 cm)
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Conclusions 2/2

> The distances larger than 200 cm requires to turn e-Linac head
for horizontal irradiation
(horizontally max available working distance is about 700 cm)

> In addition to instrumentation available at AOT we plan to develop
The DSSD and Plastic Scintillator+SiPM detector developments
for further comparison and validation studies

> e-Linac at Terni Hospital is a promising site for detector

performance testing with electrons of energies ranging
from 4-to-20 MeV
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