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Context : spacecrafts in a hostile environment

Radiations sources in near earth space

Cosmic rays Solar radiation Trapped particles
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Need for experimental tests
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Irradiation at particle accelerators




The SAGA project
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The SAGA project

Space Application at GANIL Accelerator
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Needs of space companies :

Beam irradiation of electronic conponents
with many « LET » points



The SAGA project
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Beam irradiation of electronic conponents

with many « LET » points
More beams

More time
New experimental

rooms

Improvement of

existing rooms
Dose measurement

LET computation | «sssm My work




A SIMULATION TOOLKIT

sSopping-powIGr

and range tables
for helivm ions

File Tools Settings About

Projectile

128+

T =15.0000 MeV/u
Bp=1.11939 Tm
mA = 11.99671 u
A/Q = 1.9995

Change

densi thick. thick.
# name matter (gfcm’ (mg/cm?)  (cm)

0 Material 0 Si 2.33 23.3 0.01 LAV A |

Add Matter

Total thickness = 23.3 mg/cm2 .
Total length = 0.01 cm More... Plots
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A SIMULATION TOOLKIT

sSopping-powIGr

and range tables
for helivm ions

File Tools Settings About

128+

densit:x thick. thick.
# name matter (gfc (mg/cm?)  (cm)
T =15.0000 MeV/u

Bp=1.11939 Tm
mA = 11.99671 u
A/Q = 1.9995

Total thickness = 23.3 mg/cm2 .
Total length = 0.01 cm More... Plots -

ATIMA

MONTE CARLO N-PARTICLE

Provides a simple simulation
Smooth workflow
good modularity
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VEDALOSS

Empirical range tables

Northcliffe and Schilling, (E<2.5 AMeV)
Hubert, Bimbot and Gauvin (E>2.5 AMeV)

16
50 IONS

ENERGY ENERGY

PER FOR
MASS UNIT RANGE IN UNITS DF MG/SQ CK A=l6

HEV/AMU BE [ at T, NI GE R AG EU TA AU u MEV
0.0125 0.075 0.208 04247 0.614 0.1999
0.0160 0,090 0.251 0.295 0.2559
0.0200 0.106 0.295 0.345 0.3199
0,0250 04123 04346 0.402 0.3999
0.0320 0.146 0,411 0,476 0.5118
0.0400 0.168 0.478 0.549 0.6398
040500 0.194 0.554  0.632 0.7997
040600 0.218 0.623 0.709 049597
0.0790 0.240 0.687 0.779 1.1196
0.0800 0.262 04746 0.845 1.2796
0,0900 0.282 0.802 0.907 1.4395
0.1000 0.301 0.856  0.966 1.5995
0.1250 04347 0.981 1.104 1.9994
0,406, 1.139 1.279 2.5592
0.470 1.304 1,460 3.1990
0.548 1.495 1.671 3.9988
0.654 1,746 1.947 5.1184
0.77¢ 2.019 2.246 6.3980
0.925 24349 2.605 7.9975
1.079 2.671 2.956 9.5970
1.236 2:990 3.302 11,196
1.398 34309 3.648 12.796
1.565 3.630 3.994 14.395
1.737 3.953 4,342 15.995
1.2500 2.189 w116 s.23s 10.319 11,774 19.994
1.6000 2.878 5.970 6.507 12.585  14.303 25.592
2.0000 3.749 7,417 84052 .568  12.807 15,271 17.291 31.990
4,967 9.358  10.119  11.190  12.057  15.858 1R.A08  21.202 39.987
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VEDALOSS

Empirical range tables Parametric model

Northcliffe and Schilling, (E<2.5 AMeV)
Hubert, Bimbot and Gauvin (E>2.5 AMeV,

Set of coefficient for each
projectile-material couple

Polynomial fit

16,
50 IONS

ENERGY ENERGY
PER FOR

MASS UNIT RANGE IN UNITS DF MG/SQ Ch A=le

HEV/AMU BE GE R AG EV TA AU u MEV *
0.0125 0.075 0,273 0,304 04474 0,736 0.1999 Z
0,0160 0,090 00324 0,360 0.561 0.866 042559 — .
0.0200 0.106 0.378  0.419  0.652 1.002 0.3199 —
0,0250 0.123 . 0.440 0,486  0.756 1.156 0.3999 Z
0.0320 0.146 04518 0,570 0.887 1,350 0.5118
0.0400 0.168 0.598  0.657  1.023 1.550 0.6398
040500 0.194 0,689 0.755 1,176 1.773 0.7997 .
0.0600 0.218 0,771 0,844 1,314 1.974 0.9597 -
0.0700 0.240 0.848 0,926 l.442 2.158 1,119 ’L —
0.0800 0.262 04919 1.003  1.560 2.328 1.2796
0.0900 0.282 0.986  1.076  1.671 2.486 1.4395
041000 9.301 1,050  1.144  1.775 2.635 1.5995
0.1250 0,347 1,201 1.305 2,017 2.978 1.9994
041600 04406 1.390  1.507  2.316 3:399 2.5592
0.2000 0.470 10588 1.718  2.624 3.825 3.1990
0.2500 0.548 1.818  1.963  2.974 4.309 3.9988
0.3200 0.654 2.120 2,286 3.428 44932 5.1184
0.4000 0.774 2,448 2,637 3.915 5.595 6.3980 d E'
0.5000 0.925 2,843 3,060 44491 6,379 7.9975
06000 1.079 3.228  3.474 5,047 T.127 9.5970
047000 1.236 3.610  3.886  5.593 1,656 11.19 % —_
0.8000 1.398 3.992  4.294  6.135 8.577 12.796
0.9000 1,565 4,375 4.T05 64673 9.290 14.395 9 9 res
1.0000 1.737 4,362 4760 S.119 T.211 9,999 151995

) i

1.2500 2.189 5.225  5.739 6,172 8.563  9.671  10.319  11.774 19.994
1.6000 2.878 6.507  7.161  7.708 104498 11,813  12.585  14.303 25.592
2.0000 3.749 8.052 8,881 9,568  12.807  14.352 .15.271 17.291 31.990
2.5000 4,967 10.119 11.190 12.057 15.848 17.702 1R.A08 21.202 39.987
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Stopping power in active layer

Stopping (MeV/(mg/cm2))

Range (pm)
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I~ Plots X
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I~ Plots X
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View File Edit Help
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View File Edit Help
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I~ Plots X

[' R e N grer T ] Stopping power in active layer
(o4 v
Wrb(56)AL(188)A1ir(53000)
Geem Mxe(50)A1(188)A1r(53600)
© 20k ¥|Projectile 168 -
|50.00 | Energy (Mev/u)
» Vacuum/Air window
* Aluminium absorber . 88 -
» Air layer "‘é‘
° 3
2 Al
[P Sample configuration ] S eer |
] |

Projectile: 288Ph

Room config: Vacuum/Air window | Aluminium absorber | Air layer |
Sample config: Silicon sample |

Energy: 58.88 MeV/u

Compute ]

Layer Material thickness (pm)  E_in (MeV/u)  E_out (MeV/u) dE (MeV) LET (MeV/{mg/em2)) range (gfem2)  range (upm)
Vacuum/Air window StainlessSteel 18.8 50.08 48.69 273.81 34.3125 8.2188 277.8
Aluminium absorber  Aluminium 1686.8 48.69 41.98 1394 .64 49,6770 8.1471 545.2
Air layer Air 53808.0 41.98 48.25 368.58 56.0848 A.1182 982322.9
Silicon sample Silicen 1660.8 48.25 8.088 8371.85 56.7385 8.1111 477.8
o | | l | . .
a 288 480 688 888 1808
Range (upm)
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Summary & perspectives

>l

RANGCEX
New application for LET/range calculation (modular and user-friendly)

« Config finder »

Investigate stopping discrepancies at low energy

Electron beams
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