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25th WRMISS LIDAL: Combining spectra and estimating dose

Summary

• Operations overview

• First results

• LIDAL detector description

• Combining measurements

• Simple method

• Improved method
• Updated Data
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Timeline
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Legenda

2
0

2
0

January 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 MISSING (Issue)

February 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 MISSING (Nominal)

March 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 PARTIAL DATA (Nominal)

April 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 DATA (Nominal)

May 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 OFF

June 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182

July 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 Boot

August 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244

September 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 Anomaly

October 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305

November 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335

December 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366
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January 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

February 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

March 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

April 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

May 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151

June 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181

July 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212

August 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243

September 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273

October 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304

November 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334

December 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365
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June 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181

July 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212

August 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243

September 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273

October 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304

November 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334

December 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365

Activated on 2020, Jan 19th

by Italian astronaut Luca 
Parmitano

Working time
~ 906 working days 
Effective working time
~ 7.5 107 s (865 days)

Total triggers
~ 4.45 108 triggers

Raw data size
~ 1.4-2.1 GB/day
~ 1.5 TB total
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Directions
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January 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

February 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

March 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91

April 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121

May 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152

June 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182

July 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213

August 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244

September 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274

October 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305

November 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335

December 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366
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ISS - Columbus module

Start End Days

Z 2020/019 2021/043 384

Y 2021/043 2021/259 204

X 2021/259 2021/156 188

Z 2021/156 … > 46
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It’s not easy
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Daily flux
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Particle flux
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Geomagnetic zones
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Light Ion Detector for ALTEA

Upgrade to ALTEA detector (on the ISS from 2006 to 2012)

3 Silicon 
Detector Units

(SDUs) from 
ALTEA detector

TOF 
(Time Of Flight)

system

Extended 
sensitivity 

(p, He)

Independent 
estimate of 

kinetic energy 

+ =
Each SDU:
6 plane stripped
silicon detector
• GF: 230 cm2 sr
• 380 mm thick
• 8 x 16 cm2

2 LDUs:
• 8+8 fast 

scintillator bars
• 100 ps resolution

Interface to the Station was
NOT modified
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LET Spectra
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TOF Spectra
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Combining measures (simple model)
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Ion flux model inside Columbus
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Be9[0.0]
B11[0.0]
C12[0.0]
N14[0.0]
O16[0.0]
F19[0.0]
Ne20[0.0]

y = 0,409x - 0,33

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1 1,5 2 2,5 3 3,5 4 4,5

LE
T 

Si
 (

K
e

V
/u

m
)

TOF (ns)

Protons

1E-7

1E-6

1E-5

1E-4

1E-3

1E-2

1E-1

1E+0

0 10 20 30 40 50

P
ar

ti
cl

e 
fl

u
x 

(#
/s

 c
m

2
 s

r 
K

eV
/u

m
)

LET Si (KeV/um)

Combined LET spectrum

Flux Z

Flux p

Flux He

Flux P + He

• Measured Tof Spectrum
• Ion Flux Model inside Columbus (LET on 300 um Si plane)

proton fraction = 96.4% He fraction = 1.2% (preliminary data by Matthiä D., DLR)

• LET as a function of TOF in LIDAL (deterministic Bethe-Bloch code)
(preliminary data by Romoli G., TOV)

=   Combined LET Spectrum
ONLY PROTONS AND HELIUM – SINGLE RATIO FACTOR



25th WRMISS LIDAL: Combining spectra and estimating dose

Combined Spectra (simple model)
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Daily dose (simple model)
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A better model

TOF spectrum→ LET spectrum

• For each detected particle calculate LET and Dose for each possible
ion (from H to Fe) with that measured TOF value

• Calculate ion ratios for TOF intervals from the GEANT4 model

• Combine values for all ions according to these ratios

• Validate the model by comparing recontructed LET spectrum for high
LET particles with the one measured by the silicon detector

ALL IONS (p to Fe) – MULTIPLE RATIO FACTORS
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Bethe-Bloch
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Bethe-Bloch
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Ion abundances model

Berger T, et al., (2020) Long term variations of galactic cosmic radiation on board the International Space Station, on 
the Moon and on the surface of Mars. J. Space Weather Space Clim. 10:34 https://doi.org/10.1051/swsc/2020028

GEANT4 simulation by Matthiä D., DLR
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https://doi.org/10.1051/swsc/2020028
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Ion abundances model
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TOF Spectra

• 3 different ion ratios for 
each TOF interval

• On each interval, ion
contribution

• For each ion reconstruction
of LET contribution

• Extended LET spectrum
• Integration of all

contributions to get total
LET and Dose

• GET REAL DATA 
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Conclusions

• Developing and validating a method to combine TOF measurements
and LET measurements to extend LET spectrum to low LET values

• Obtain a better estimate of dose and dose equivalent

• Estimate dose in different geomagnetic regions

• TOF → LET depending on direction
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A special thanks to

LIDAL Team
Giulia Romoli

Giorgia Santi Amantini

Luca Lunati
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