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= EXACRAD is an ATHENA mission r&d project funded by ESA
o More details in Silvano’s presentation

= One of the tasks of the project is to characterise the backscattered
electrons off the detector surroundings

- Design and perform measurements of the
- Backscattered electron emission yields (BSEEY)
- Backscattered electron emission spectrum (BSEES)
- In the 10s to 100s keV range, for ATHENA related materials.

o Perform detailed Geant4 simulations of the experiments
- - To validate the relevant Geant4 physics

- To test the ATHENA background simulation framework (ASF) developed in a parallel
project AREMBES.
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Figure 3. View of the rotative sample holder with Faraday cup, sample and biased system

Figure 1. The SIRENE irradiation test facility

SIRENE facility in ONERA: 7-400keV monochromatic e- beam



Il Backscattered electron emission yield measurements
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Figure 2. Schematic of the experimental set-up that has been developed and installed in SIRENE for backscattered electron yield
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= Gold : 25x25 mm, 50 ym thickness, 99.99% purity, one sample tested
= Bismuth : 25x25 mm, 250 pm thickness, 99.999% purity
= Silicon : 35x35 mm, 500 um thickness, 99.999% purity

= Composite sample: representative of the actual detector's absorber
from top to sample bottom:
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Table ] - Backscattered electron emission yield (%s) as a function of incident energy for Au, Bi, 5i and composite

Energy (keV) 30 60 90
Au 51.5 524 52.6
Bi 52.7 52.9 53
S1 18.7 16 14.4
Composite 534 54.3 53.7
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Figure 12 - BSE yield of the different materials as a function of incident energy
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I Backscattered electron emission spectrum (BSEES)
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Due to the efficiency and accuracy of the set-up. ten additional tests have been performed at 50. 55.
60, 65. 70, 75, 80, 85. 95, 100 keV.




Il BSEES measurement results
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Figure 19 : Calibration of the Si detector with mono-kinetic electron beams
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BSEES measured at 285 mm away on the
composite sample at incident energies ranging

between 50 and 100 keV
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Add new module = Name:

Type: lonising Dose =

13

Remove module

= Tools for the simulations:

o GRAS/CIRSOS (ASF) Wlth G4 10.3 Add Volume (name, copy_no.) _all_ volumes | =
(updated with space physics list) Remove Volume

dd interface between volumes
=  Geometry setup —

Into Volume: world v | From Volume:
= 1D Layer(s) in MULASSIS format copy_no. -1 S
Remove interface | | in:World___-1/out:Layer-1___-1 =
= e- beams , . ,
Add Particle e- v Remove Particle
= 30,60,90keV, Unit v .
= at 5.6° incident angle options: | .
Cosine correction Both way tally
1 1 . [] Book Ntuples
. " Physics lists: ;

= Standard-em
/gras/analysis/Fluence/addModule aa
/gras/analysis/fluence/aa/addvolumelnterface Layer-1 World -1 -1

u FI U e n Ce Ta I Iy /gras/analysis/fluence/aa/bookHistos True
Jagras/analysis/fluence/aa/bookTuples False
1 —_ 1 /grasfanalysis/fluence/aa/insertParticle e-
. Yleld - BaCkscatterd/InCIdence /gras/analysis/fluence/aa/surfaceCorrection True

Jgras/analysis/fluence/aa/bothwayTally True

#Analysis initialisation and re-set histograms
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[] Fluence For all particles

Reset



Il BSEEY Simulation: Composite sample results RapMop

100

DAanAnra 129
aa Particle: e- Fluence spectrum in MeV aa Particle: e- Fluence spectrum in MeV
D14 aa_fluence_em aa_fluence_em
u Enties 52247 - Enties 51227
- H Maan 237 - 1 Maan 47.44
0.12— RMS 6.223 0.06 = o RMS 11.91
ﬂ.IE— * ﬂ.[ﬁ;— +++ t
C - +
0.08 — + 0.04 - ¥
. - +
006— ++ 0.03— ¥
0.04— A n02 - ot
- - +
L & _ +++
0z e D01 ﬂ:#“
n;r"-l"‘r-TT-h;F:||II|||II||II|||||||||I||||I||||I|||||||| ﬂ}wh*wrﬁrwﬁ||||||||||I||||I||||I||||I||||I||||
aa Particle: e- Fluence spectrum in MeV 0 oA s e 08I
004E fl }
- a4_Tiuence_em - .
- R Mean 70.62 g
- RMS 179 . ++
0.08 ¥ .
- f Top-l: 30 keV Yield: 0.5225
0.025 —
- # Top-r: 60 keV 0.5123
"E A Left: 90 keV 0.5077
0.015 H
= 4+++Jf+++
0.01 3 S ¥
0.005 -|-|++++*#++++ +
e #“‘*“ﬂh#%
ﬂ _I""T""I'"TH]“_"I"I 11 1 I-‘-I 1 I 111 1 I 1111 I 1111 I 1 11 1 I 1111 I 1111 I 1 11 1
o 0. 20 30 4 50 B0 70 B0 90



Backscattered electron emission yield(%)
Simulation results and comparison with experiments:
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Module management

Add new module = Name: FL
Type: Fluence
Remove module | |TID =
= Tools for the simulations: oieseiter e 3
> GRAS/CIRSOS (ASF) with G4 10.3 (updated 2o vl e, copy o)) [0BtECT 2 Py v 4
Wlth Space phy5|cs ||St) Remove Volume vol_9_tube_GeomModel OBJECT 0_OBJECT *
dd interface between volumes
=  Geometry setu :
y p Into Volume: World_PV = | From Volume: ECT 0 OBJECT 7. PV | =
= The Vacuum tube only hame name

copy_no. -1 copy_no. -1

= Composite sample
= Si Detector

Remove interface

surface area : 25 mmz2 (increased 25cm?), Addpatice J1e v | Remove Parfice
thickness : 700 microns Unit: MeV
12.4° off-axis, 40mm and 285mm above the Options:
sa mple [& Book histograms
- e- beams Of Book Ntuples
- 50,55,60,65,70,75,80,85,90.95,100 keV, at ,
O ; H ##tAnalysis Module TID
5.6 InCIdent angle [grasfhisto/setHistoByName TID_dose 100 0 0.1 MeV lin
.. . . [aras/histo/setHistoByName FL_fluence_e- 100 0 0.1 MeV lin
= Tally — Energy deposition spectrum in the Si
Detector

= Physics lists:
= Standard-em
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Il The need to improve simulation efficiency RapMop

Test run with 40mm distance geometry, 10% 90keV e-
= Only 10000 hits detected by the detector
o= Need ~100000 hits to build a good spectrum

The beam spot size is 1cm?2, while the detector size is only 25 mm?

= The beam spot size in simulation is a dot, we can increase the size of the
detector 1cm? without compromising the solid angle coverage

o Increase the radius from 2.8 mm to 28 mm -> 100x improvement
In the 285 mm case the efficiency is even worse



40mm_90KeV with different detectors: 25mm?, 1cm?, RaoMoo
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TID dose in MeV Smoothed with 15 keV FWHM
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It seems sim. results with a 22 keV FWHM resolution is in better agreement with
the measured data
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= The big difference in the BSEEY between — 90kt e, dscor 8 50,

Si and the other samples could be due to 12000 / T T T 8

the difference in their density, or in their - T —

Z numbers
= The energy resolution of the measured

backscattered electron spectra for the o

285 mm case is perhaps worse than the s

nominal 15 keV FWHM.
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Comparison between the experimental spectra measured on the
composite sample at 90 keV with detector at 40 mm and 285
(350) mm from the sample. Testl performed in April/18 has a
poorer resolution.



Il Conclusions RapMop

Research

= Experiments designed to measure of the backscattered electron emission yield
(BSEEY) and spectrum (BSEES) have been carried out successfully with
samples of relevant ATHENA mirror materials and at the interested energy
range.

= High quality BSEEYs and BSEESs measured data have been obtained

= The experiments have been simulated in Geant4 using the ASF/CIRSOS
framework.

= There is an excellent agreement between the measured and simulated BSEEYs

= There is also a very good agreement in between the BSEESs, although that’s
dependent on the assumed energy resolution of the detector.

= QOverall the good results validated Geant4 and ASF/CIRSOS as a tool for
simulating the electron backscattering issue in the development of the ATHENA
mission, as well as in other applications.



