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Nanoparticle exercise: simulation setup @
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* irradiated by a narrow photon beam
* two different sizes (50 nm, 100 nm)
* two different photon spectra
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Nanoparticle exercise: simulation tasks Q@
Task 1:
;i;f)‘;';j Lo * Determine energy imparted in
/50““9 / | (thin) spherical shells around the
=N NN nanoparticle

gold nanoparticle or
water-filled sphere

d

Rabus et al., Phys Medica 84 (2021) 241-253
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Nanoparticle exercise: simulation tasks Q@

Task 1:

* Determine energy imparted in
(thin) spherical shells around the
nanoparticle

circular

photon /
%0
source

| Task 2:
gold nanoparticle or
water-filled sphere

. * Determine the energy spectrum

of electrons in (thick) spherical
Rabus et al., Phys Medica 84 (2021) 241-253 shells around the nanopa rticle
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“Electron energy spectrum in a volume”

What would you score?
a. The energy distribution of electrons entering the volume.

b. The balance of electrons crossing the volume’s surface.

c. The step length distribution of electrons inside the volume.

d. Something different from the preceding three options.

e. Nothing / don’t know.
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“Electron energy spectrum in a volume” QQ

Q: “What shall | score?”

A: “Electrons leaving the nanoparticle”
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?
“Electron energy spectrum in a volume” QQ

Q: “What shall | score?”

A: “Electrons leaving the nanoparticle”

Well ...
* ... only electrons produced in the nanoparticle?
e ... what about electrons going out twice after backscattering?

e ... is there a unique tally in my code for this?
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Electron spectra — data of two participants

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm
E(eV) f(E) E(eV) f(E) E(eV) f(E) E(eV) f(E)

2.5 0 2.5 0 5 3.64E-05 5 5.77E-05
7.5 0 7.5 0 15 9.67E-05 15 1.63E-04
12.5 8.53E-06 125 1.03E-05 25 3.14E-05 25 5.15E-05
17.5 9.15E-06 17.5 1.18E-05 35 9.04E-06 35 1.49E-05
22.5 1.02E-05 22.5 1.35E-05 45 4.66E-06 45 7.43E-06
27.5 9.98E-06 27.5 1.34E-05 55 3.47E-06 55 5.67E-06
32,5 1.01E-05 32,5 1.26E-05 65 3.82E-06 65 5.77E-06
37.5 1.27E-05 37.5 1.56E-05 75 2.69E-06 75 4.01E-06
2.5 1.08E-05 25 1.48E-05 85 1.64E-06 85 2.54E-06
47.5 8.83E-06 47.5 1.27E-05 95 1.47E-06 95 2.46E-06
52.5 9.07E-06 52.5 1.24E-05 105 1.42E-06 105 2.11E-06
57.5 1.06E-05 57.5 1.45E-05 115 1.33E-06 115 2.09E-06
62.5 1.03E-05 62.5 1.51E-05 125 1.19E-06 125 2.09E-06
67.5 9.99E-06 67.5 1.45E-05 135 1.28E-06 135 1.93E-06
72.5 1.82E-05 72.5 2.41E-05 145 1.22E-06 145 1.97E-06
77.5 7.91E-06 77.5 1.17E-05 155 1.05E-06 155 1.64E-06
82.5 7.29E-06 82.5 1.20E-05 165 9.34E-07 165 1.48E-06
87.5 8.12E-06 87.5 1.23E-05 175 8.44E-07 175 1.26E-06
92.5 8.71E-06 92.5 1.30E-05 185 7.93E-07 185 1.23E-06
97.5 8.43E-06 97.5 1.41E-05 195 6.86E-07 195 1.15E-06
102.5 9.42E-06 102.5 1.57E-05 205 6.05E-07 205 1.01E-06
107.5 9.49E-06 107.5 1.53E-05 215 5.25E-07 215 9.47E-07
112.5 9.55E-06 112.5 1.57E-05 225 6.02E-07 225 9.61E-07
117.5 9.41E-06 117.5 1.53E-05 235 5.08E-07 235 7.66E-07
122.5 9.86E-06 122.5 1.58E-05 245 5.25E-07 245 7.85E-07
127.5 9.59E-06 127.5 1.52E-05 255 4.20E-07 255 7.30E-07
132.5 1.01E-05 132.5 1.55E-05 265 4.36E-07 265 6.19E-07
137.5 9.93-06 137.5 1.60E-05 275 3.77E-07 275 7.07E-07
142.5 1.11E-05 142.5 1.73E-05 285 3.69E-07 285 6.70E-07
147.5 1.05E-05 147.5 1.72E-05 295 3.57E-07 295 6.64E-07
152.5 9.72E-06 152.5 1.64E-05 305 3.83E-07 305 5.68E-07
157.5 8.66E-06 157.5 1.43E-05 315 4.45E-07 315 5.94E-07
162.5 1.25E-05 162.5 2.19E-05 325 3.07E-07 325 6.62E-07
167.5 1.27E-05 167.5 2.26E-05 335 3.57E-07 335 6.60E-07
172.5 1.22E-05 172.5 2.19E-05 345 3.16E-07 345 5.80E-07
177.5 2.60E-05 177.5 4.73E-05 355 3.73E-07 355 5.43E-07
182.5 3.84E-06 182.5 5.90E-06 365 3.71E-07 365 5.78E-07
187.5 4.27E-06 187.5 5.82E-06 375 3.44E-07 375 5.16E-07
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Electron spectra - from different participants  |[a @]
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Electron spectrum — what is it?

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm M ea ni n Of th e fi rst COI u m n
E(eV) (E) E(eV) f(E) E(eV) f(E) E(eV) (E) g
25 0 25 0 5 | 364605 s | s77E0s
75 0 75 0 15 | 9.67E-05 15 | 163604 . . . . . 3

125 | 85306 125 | 103605 5 | 31405 25 | 515605 o I_| near or Ioga rlth micC bl N SiZer
175 | 915606 175 | 118805 35 | 904606 35 | 14005

25 | 1005 25 | 135605 a5 | 466606 a5 | 7.436-06 . .5

275 | 9.se-06 275 | 138605 ss | 3.476-06 ss | s.676-06 ° M t h b

325 | 101E-05 325 | 126E:05 65 | 38206 65 | s577e-06 ean ene rgy N e DIN:

375 | 127805 375 | 156605 75 | 269606 75 | 40106

425 | 10805 425 | 148605 85 | 164606 85 | 254606 o . s
o | sseos b5 | 1oeos s | rereos s | aeeos Energy in the center of the bin-
525 | 9.07e-06 525 | 124605 105 | 142606 105 | 211606

575 | 106E-05 s75 | 14605 15 | 133606 115 | 20906 .

625 | 103e-05 625 | 151E-05 125 | 11906 125 | 20006 ° St a r‘t Of t h e bl N ?

675 | 9.99e-06 675 | 14605 135 | 128606 135 | 193606

725 | 18205 725 | 241605 185 | 122606 15 | 197606

775 | 791606 775 | 117605 155 | 1.056-06 155 | 1.646-06 :

825 | 7.29-06 825 | 120605 165 | 9.346-07 165 | 14806 ¢ E n d Of th e b N ?

87.5 | 812606 87.5 | 123605 175 | 8407 175 | 126606

925 | 871606 925 | 1.306-05 185 | 7.93607 185 | 123606

97.5 | 8.436-06 075 | 141605 195 | 6.866-07 105 | 115606
1025 | 94206 1025 | 157€-05 205 | 605607 205 | 101606
1075 | 9.49-06 1075 | 153605 215 | 525607 25 | 94707
1125 | 955606 125 | 157605 25 | 60207 25 | 961607
1175 | 9.41E-06 1175 | 153605 235 | s.086-07 235 | 7.666-07
1225 | 9.86E-06 1225 | 158605 5 | 525607 5 | 785607
1275 | 95906 1275 | 152605 255 | 4.206-07 255 | 7.306-07
1325 | 101605 1325 | 155605 265 | 436607 265 | 619807
1375 | 9.936-06 1375 | 1.606-05 5 | 377607 5 | 70707
125 | 111605 1425 | 173605 285 | 3.696-07 285 | 6.706-07
1475 | 105605 1475 | 172605 295 | 357807 205 | 6.6ae-07
1525 | 972606 1525 | 168605 305 | 3.83607 305 | s.ese-07
1575 | 8.66E-06 1575 | 143605 315 | 445607 315 | 598607
1625 | 125605 1625 | 219605 325 | 307807 325 | 66207
1675 | 127605 167.5 | 2.26E-05 335 | 357607 335 | 6.606-07
1725 | 122605 1725 | 21905 35 | 316607 35 | 580807
1775 | 2.606-05 1775 | 473605 355 | 373607 355 | 54307
1825 | 384606 1825 | 5.906-06 365 | 371607 365 | 5.786-07
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Electron spectrum — what is it?

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm M ea ni n Of th e fi rst COI u m n
E(eV) (E) E(eV) f(E) E(eV) f(E) E(eV) (E) g
25 0 25 0 5 | 364605 s | s77E0s
75 0 75 0 15 | 9.67E-05 15 | 163604 . . . . . 3

125 | 85306 125 | 103605 5 | 31405 25 | 515605 o I_| near or Ioga rlth micC bl N SiZer

175 | 915606 175 | 118805 35 | 904606 35 | 14005

25 | 1005 25 | 135605 a5 | 466606 a5 | 7.436-06 . .5

275 | 9.se-06 275 | 138605 ss | 3.476-06 ss | s.676-06 ° M t h b

325 | 101E-05 325 | 126E:05 65 | 38206 65 | s577e-06 ean ene rgy N e DIN:

375 | 127805 375 | 156605 75 | 269606 75 | 40106

425 | 10805 425 | 148605 85 | 164606 85 | 254606 o . s
o | sseos b5 | 1oeos s | rereos s | aeeos Energy in the center of the bin-
525 | 9.07e-06 525 | 124605 105 | 142606 105 | 211606

575 | 106E-05 s75 | 14605 15 | 133606 115 | 20906 .

625 | 103e-05 625 | 151E-05 125 | 11906 125 | 20006 ° St a r‘t Of t h e bl N ?

675 | 9.99e-06 675 | 14605 135 | 128606 135 | 193606

725 | 18205 725 | 241605 185 | 122606 15 | 197606

775 | 791606 775 | 117605 155 | 1.056-06 155 | 1.646-06 :

825 | 7.29-06 825 | 120605 165 | 9.346-07 165 | 14806 ¢ E n d Of th e b N ?

87.5 | 812606 87.5 | 123605 175 | 8407 175 | 126606

925 | 871606 925 | 1.306-05 185 | 7.93607 185 | 123606

97.5 | 8.436-06 075 | 141605 195 | 6.866-07 105 | 115606
1025 | 94206 1025 | 157€-05 205 | 605607 205 | 101606 . . . l
1075 | 9.49-06 1075 | 153605 215 | 525607 25 | 94707 D ff t d d ff t t
1125 | 955606 125 | 157605 25 | 60207 25 | 961607 Irerent codaes use airrerent conventions:
1175 | 9.41E-06 1175 | 153605 235 | s.086-07 235 | 7.666-07
1225 | 9.86E-06 1225 | 158605 5 | 525607 5 | 785607
1275 | 95906 1275 | 152605 255 | 4.206-07 255 | 7.306-07
1325 | 101605 1325 | 155605 265 | 436607 265 | 619807
1375 | 9.936-06 1375 | 1.606-05 5 | 377607 5 | 70707
125 | 111605 1425 | 173605 285 | 3.696-07 285 | 6.706-07
1475 | 105605 1475 | 172605 295 | 357807 205 | 6.6ae-07
1525 | 972606 1525 | 168605 305 | 3.83607 305 | s.ese-07
1575 | 8.66E-06 1575 | 143605 315 | 445607 315 | 598607
1625 | 125605 1625 | 219605 325 | 307807 325 | 66207
1675 | 127605 167.5 | 2.26E-05 335 | 357607 335 | 6.606-07
1725 | 122605 1725 | 21905 35 | 316607 35 | 580807
1775 | 2.606-05 1775 | 473605 355 | 373607 355 | 54307
1825 | 384606 1825 | 5.906-06 365 | 371607 365 | 5.786-07
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Electron spectrum — what is it?

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm : :
e e B I A e Meaning of the first column

25 0 25 0 5 | 36405 5| s77E0s
75 0 75 0 15 | 96705 15 | 163604 . . . . .
8.53E-06 125 | 103605 3.14E-05 5 | sa1sE05 o I_| near or Ioga rlth micC bl N Size ?

9.15E-06 9.04E-06 35 1.49E-05

17.5 1.18E-05
4.66E-06

22.5 1.35E-05
27.5 1.34E-05
325 1.26E-05

45 7.43E-06

2 oo  Mean energy in the bin?

375 | 127605 \\ 375 | 156E-05 75 | 401606

a5 | 1oseo0s 205 | 14805 85 | 2.546-06 o . s
o | sseos o5 | 1oeos s | aeeos Energy in the center of the bin-
525 | 9.076-06 . 1.24E-05 1.42€-06 105 | 211606

575 | 1.06E-05 57.5 45E-05 115 | 133606 \ 115 | 2.096:06 .

62.5 1.03E-05 62.5 1905 125 | 1.19-06 125 | 2.09E-06 ° Sta r‘t Of th e bl N ?

675 | 9.996-06 675 | 14560 135 | 12806 135 | 193606

725 | 18605 725 | 241605 \ 145 | 122606 145 | 197606

775 | 7.91E-06 775 | 117e-05 155 | 1.05E-06

155 1.64E-06 M

165 1.48E-06 End Of the bln?
1.26E-06
1.23E-06
1.15E-06

1.01E-06

82.5 7.29E-06 82.5 1.20E-05 \ 165 9.34E-07

87.5 8.12E-06 87.5 1.23E-05 175 8.44E-07

92.5 8.71E-06 92.5 1.30E-05 7.93E-07

97.5 8.43E-06 97.5 1.41E-05 195 6.86E-07

102.5 9.42E-06 102.5 1.57E-05 205 ORE-07

107.5 9.49E-06 107.5 1.53E-05 215 5.25E- 215
N

Different codes use different conventions!

112.5 9.55E-06 1125 1.57E-05 225 6.02E-07 N 225
117.5 9.41E-06 117.5 1.53E-05 235 5.08E-07 235
1225 9.86E-06 1225 1.58E-05 245 5.25E-07 245
127.5 9.59E-06 127.5 1.52E-05 255 4.20E-07 .30E- N
1325 1.01E-05 13255 1.55E-05 265 4.36E-07 265 . 19E- P
* Both t t the m
137.5 9.93E-06 137.5 1.60E-05 275 3.77E-07 275 W-07 O pa r ICI pa n S ave e ea n e n e r y
142.5 1.11E-05 1425 1.73E-05 285 3.69E-07 285 6.70E-!
147.5 1.05E-05 147.5 1.72E-05 295 3.57E-07 295 6.64E-07 . . . .
152.5 9.72E-06 1525 1.64E-05 305 3.83E-07 305 5.68E-07 [ J P t p t A d b f 5 V
157.5 8.66E-06 157.5 1.43E-05 315 4.45E-07 315 5.94E-07 a r I CI a n u S e a I n S I Ze O e
162.5 1.25e-05 162.5 2.19E-05 325 3.07E-07 325 6.62E-07
167.5 1.27e-05 167.5 2.26E-05 335 3.57E-07 335 6.60E-07 ° s o M .
s | 1aaeos s | 2aoe0s ws | 2607 ws | ssoor Participant B used a bin size of 10 eV
177.5 2.60E-05 177.5 4.73E-05 355 3.73e-07 355 5.43E-07
182,20 3.84E-06 182.5 5.90E-06 365 3.71E-07 365 5.78E-07
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Electron spectrum — what is it?

—

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm Meanin Of the Second column
E(eV) f(E) EeV) f(E) EeV) (E) EeV) f(E) g
25 0 25 0 5 | 364605 5 | 577605
75 0 75 0 15 | 9.67E-05 15 | 16304 «“ m\ - D
125 | 853806 125 | 103805 25 | 314605 25 | 515605 o AbSO I ute freq uen Cy ( counts ) N b INT
175 | 915606 175 | 118605 35 | 9.046-06 35 | 14905
25 | 10205 25 | 135605 as | 4.66E-06 a5 | 7.43E06 . . 5
275 | 9.986-06 275 | 134605 55 | 3.476-06 55 | 5.676-06 ° F t I
325 | 101605 325 | 1.266-05 65 | 382606 65 | 577606 re q uen Cy p er p rima ry p articie:
375 | 127805 375 | 156605 75 | 269606 75 | 401606
425 | 10805 a5 | 1a48e05 85 | 164606 85 | 2.54E-06 o . f p)
475 | 883E06 ars | 127805 o5 | 147606 95 | 2.46E-06 Re I ative fre q uen Cy r
525 | 9.076-06 525 | 1.246-05 105 | 142606 105 | 211606
575 | 1.06E-05 575 | 1456-05 115 | 133606 115 | 2.096-06 . . . 5
625 | 103605 625 | 151605 125 | 119606 125 | 2.09606 ° F d ty p p y p t |
675 | 9.99E-06 675 | 145605 135 | 1.286-06 135 | 1.936-06 re q uen Cy ensl er primar articie:
725 | 18805 725 | 241605 15 | 122606 145 | 197606
775 | 7.91E-06 775 | 117605 155 | 1.056-06 155 | 1.64E-06
825 | 7.29E-06 825 | 1.206-05 165 | 9.346-07 165 | 1.486-06
875 | 812606 875 | 123605 175 | sase-07 175 | 1.266-06
925 | 871E06 925 | 1.306-05 185 | 7.93e07 185 | 1.23606
o7.5 | 84306 975 | 141605 195 | 6.866-07 195 | 1.156-06
1025 | 9.426-06 1025 | 157605 205 | 605607 205 | L0106
1075 | 9.49E-06 1075 | 153605 215 | 525607 25 | 9.47607
1125 | 9.556-06 1125 | 157605 25 | 60607 25 | 961607
1175 | 9.416-06 1175 | 153605 235 | 508607 235 | 7.666-07
1225 | 9.86E-06 1225 | 158605 25 | 525607 s | 7.856-07
1275 | 9.59-06 1275 | 152605 255 | 420607 255 | 7.306-07
1325 | 101E-05 1325 | 155605 265 | 436607 265 | 6.196-07
1375 | 9.936-06 1375 | 1.60E-05 75 | 377607 275 | 7.07607
1425 | 111605 1425 | 173605 285 | 3.696-07 285 | 670607
1475 | 1.05E-05 1475 | 172605 295 | 357807 295 | 6.646-07
1525 | 9.72£-06 1525 | 1.64E-05 305 | 383607 305 | 5.686-07
1575 | 8.66E-06 1575 | 143605 315 | aase07 315 | 5.946-07
1625 | 125605 1625 | 2.196-05 325 | 307607 325 | 6.626:07
1675 | 127E-05 1675 | 2.266-05 335 | 357607 335 | 660607
1725 | 122605 1725 | 2.196-05 35 | 36607 35 | 5.806-07
1775 | 2.60E-05 1775 | 473605 355 | 373807 355 | 5.436:07
1825 | 3.84E-06 1825 | 5.90E-06 365 | 371607 365 | 5.786-07
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Electron spectrum — what is it?

—

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm Meanin Of the Second column
E(eV) f(E) E(ev) f(E) E(ev) (E) E(ev) f(E) g
25 0 25 0 5 | 364605 5 | s77Eeos
75 0 75 0 15 | 967605 15 | 16304 “ M\ - D
125 | 853806 125 | 103805 25 | 314605 25 | 515605 o AbSO I ute freq uen Cy ( counts ) N b INT
175 | 9.156-06 175 | 118605 35 | 9.04606 35 | 14005
25 | 102605 25 | 135605 a5 | 466606 a5 | 743606 . . 5
275 | 9.986-06 275 | 134605 55 | 347606 55 | 567606 ° F t I
325 | 101605 325 | 126605 65 | 382606 65 | 577606 re q uen Cy p er p rima ry p articie:
375 | 127605 375 | 156605 75 | 26906 75 | 40106
425 | 10805 425 | 148805 g5 | 16406 85 | 254606 . 9
475 | 883E06 475 | 127605 o5 | 147606 95 | 24606 ¢ Re I ative fre q uen Cy !
525 | 9.076-06 525 | 124605 105 | 142606 105 | 211606
575 |  1.06E-05 575 | 145605 115 | 133606 115 | 20906 . . . 5
625 | 103605 625 | 151605 125 | 11906 125 | 20906 ° F d ty p p y p t |
675 | 9.99-06 675 | 145605 135 | 128606 135 | 19306 re q uen Cy ensl er primar articie:
725 | 182605 725 | 241605 1s | 122606 1s | 197606
775 | 7.916-06 775 | 117605 155 | 105606 155 | 1.64E-06
825 | 7.296-06 825 | 120605 165 | 934607 165 | 148606 . . .
575 | sneos 575 | 1oseos s | saor s | 126e0s Stipulated tallies of codes, mostly give the
925 | 871606 925 | 130605 185 | 7.9307 185 | 12306
975 | 843606 975 | 141605 195 | 686607 195 | 115606 . . .
1025 | 9.42606 1025 | 157605 205 | 60507 205 | 101606 fre q uen cy d ens |ty p er p rima ry p artic I e
1075 | 9.49-06 1075 | 153605 215 | 525607 215 | 947807
1125 | 9.55-06 1125 | 157605 25 | 602607 25 | 961607
1175 | 9.416-06 1175 | 153605 235 | s.08607 235 | 766607
1225 | 9.866-06 1225 | 158605 25 | 525607 s | 785607
1275 | 9.59-06 1275 | 15205 255 | 420807 255 | 730807
1325 | 101E-05 1325 | 155605 265 | 43607 265 | 619607
1375 | 9.93t-06 1375 |  1.606-05 275 | 377807 255 | 707807
1425 | 111605 1425 | 173605 285 | 369607 285 | 670607
1475 |  1.05€-05 1475 | 172605 295 | 357607 295 | 664607
1525 | 9.726-06 1525 | 164605 305 | 38307 305 | 568607
1575 | 8.66E-06 1575 | 143605 315 | 445607 315 | 594607
1625 | 1.256-05 1625 | 219605 325 | 307607 35 | 662607
1675 | 127605 1675 | 2.266-05 335 | 357607 335 | 660607
1725 | 122605 1725 | 219605 35 | 36607 35 | 580607
1775 | 2.606-05 1775 | 473605 355 | 373807 355 | 543807
1825 |_3.846-06 1825 | 590606 365 | 371607 365 | 578607
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Electron spectrum — what is it?

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm M : f t h d I
VR T eV eI T TRV eéaning o € second column
25 0 25 0 5 | 364605 s | s77Ee0s
75 0 75 0 15 | 967E05 15 | 16304 « "\ e D

125 | 853806 125 | 103805 25 | 314605 25 | 515605 o AbSO I ute freq uen Cy ( counts ) N b INT

175 | 9.15e-06 175 | 118605 35 | 04606 35 | 14005

25 | 102605 25 | 135605 a5 | 466606 a5 | 743606 . . 5

275 | 9.986-06 275 | 134605 55 | 347606 55 | 567606 ° F t I

325 | 101605 325 | 126605 65 | 382606 65 | 577606 re q uen Cy p er p rima ry p articie:

375 | 127605 375 | 156605 75 | 26906 75 | 40106

425 | 10805 425 | 148805 g5 | 16406 85 | 254606 o . f 9

475 | 883606 a75 | 127605 o5 | 147606 95 | 24606 Re I ative fre q uen Cy !

525 | 9.076-06 525 | 124605 105 | 142606 105 | 211606

575 | 1.06E-05 575 | 145605 115 | 133606 115 | 20006 . ] . 3
625 | 103605 625 | 151605 125 | 11906 125 | 20906 ° F d ty p p y p t |

675 | 9.99-06 675 | 145605 135 | 128606 135 | 193606 re q uen Cy ensl er primar articie:
725 | 182605 725 | 241605 s | 122606 us | 197606

775 | 7.916-06 775 | 117605 155 | 105606 155 | 1.64E-06

825 | 7.296-06 825 | 120605 165 | 934607 165 | 148606 . . .

875 | 812606 875 | 123605 175 | 8.44E-07 175 | 1.26E-06 St' pu Iated ta I I i1es Of COdes mostly g'\[e the
925 | 871606 925 | 130605 185 | 7.9307 185 | 12306 ’

975 | 843606 975 | 141605 195 | 686607 195 | 115606 . . .
1025 | 9.426-06 1025 | 157605 205 | 605607 205 | 101606 fre q uen Cy d ens |ty p er p rima ry p artic I e
1075 | 9.49-06 1075 | 153605 215 | 525607 215 | 947807
1125 | 9.55-06 1125 | 157605 25 | 602607 25 | 961607
1175 | 9.416-06 1175 | 15305 235 | 508807 235 | 766607
1225 | 9.866-06 1225 | 158605 25 | 525607 s | 785607 -
If you code the tallying yourself, make sure
1325 | 101E-05 1325 | 155605 265 | 43607 265 | 619607 s
1375 | 9.93t-06 1375 |  1.606-05 275 | 377807 255 | 707807
= | iwsf | | to understand and report how you did it.
1475 |  1.05€-05 1475 | 172605 295 | 357607 295 | 664607
1525 | 9.726-06 1525 | 164605 305 | 38307 305 | 568607
1575 | 8.666-06 1575 | 143605 315 | asse07 315 | 594607
1625 | 1.256-05 1625 | 219605 325 | 307607 35 | 662607
1675 | 127605 1675 | 2.266-05 335 | 357607 335 | 660607
1725 | 122605 1725 | 219605 a5 | 316607 35 | 580607
1775 | 2.606-05 1775 | 473605 355 | 373807 355 | 543807
1825 |__3.84E-06 1825 | 590606 365 | 371607 365 | 578607
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Electron spectrum — what is it?

Data from Participant A Data from participant B

50 kVp, 50 nm 50 kVp, 100 nm 50 kVp, 50 nm 50 kVp, 100 nm M : f t h d I
TR EC T G e [ ® e [ O eaning o € second coiumn
25 0 25 0 5 | 364605 s | s77E05
7.5 0 7.5 0 15 | o67E0s 15 | 163604 " I\ e D

125 | 853806 125 | 103805 25 | 314605 25 | 515605 ® A bS (0] I ute fre q uen Cy ( counts ) N b INT

175 | 9.156-06 175 | 118E-05 35 | 90406 35 | 14905

225 | 10205 25 | 135605 as | ae6e-06 as | 7.43e06 . . 5

275 | 9.98E-06 275 | 1.34E05 55 | 347606 55 | se7e06 ° F t I

325 | 101E-05 325 | 1.266-05 65 | 382606 65 | 577606 re q uen Cy p er p rima ry p articie:

375 | 127605 375 | 1.56E-05 75 | 26906 75 | 401606

425 | voseos 425 | vaseos 8s | 1ese06 85 | 254606 o I . f 9

475 | 88306 475 | 127E05 95 | 147606 95 | 2.46E-06 Re at ive 1re q uen Cy r

525 | 9.07E-06 525 | 1.24E-05 105 | 142606 105 | 211E06

575 | 1.06E-05 575 | 1.45E-05 15 | 133606 15 | 20006 . . . 3
625 | 1.03e-05 625 | 1.51E-05 125 | 119606 125 | 2.09E-06 ° F d ty p p y p t |

675 | 9.99E-06 675 | 1.45E-05 135 | 128606 135 | 19306 re q uen Cy ensl er primar article:
725 | 182605 725 | 2.41E-05 145 | 1.22£-06 145 | 1.97e-06

775 | 7.91E-06 775 | 117e-05 155 | 1.05E-06 155 | 1.64E-06

825 | 7.20e-06 825 | 1.20e-05 165 | 9.34e07 165 | 1.48E06 . . .

87.5 8.12E-06 87.5 1.23£-05 175 8.44E-07 175 1.26E-06 St p I t d t I I f d t Iy g t h
925 | 87106 925 | 1.30E-05 185 | 7.9307 185 | 123606 Ipuiate allies or co es’ Mos ive e
975 | 84306 975 | 1.41E-05 195 | 6.86E-07 195 | 115606 . . .
1025 | 9.42E-06 1025 | 1.57€-05 205 | 6.05E-07 205 | 10106 fre q uen Cy d ens Ity p er p rima ry p a rt IC I e
1075 | 9.40€-06 1075 | 15305 215 | 5.256-07 25 | 9.47E-07
1125 | 9.556-06 125 | 157€-05 25 | 60207 25 | 9e1E07
175 | 9.41E-06 175 | 15305 35 | 508607 235 | 7.666-07
1225 | 9.86E-06 1225 | 15805 25 | 525607 s | 7.856-07 °
If you code the tallying yourself, make sure
1325 | 1.01E-05 1325 | 155605 265 | 4.36E-07 265 | 619607 s
1375 | 9.93-06 1375 | 1.60E-05 s | 3.77E07 275 | 7.07E07
| i | | to understand and report how you did it.
1475 | 1.05€-05 1475 | 172605 295 | 3.57E-07 295 | 6.64E-07
1525 | 9.72E-06 1525 | 1.64E-05 305 | 3.83£07 305 | 5.686-07
1575 | 8.66E-06 1575 | 143605 315 | 4.456-07 315 | s.o4e-07 . .
1625 | 1.256-05 1625 | 2.19E-05 325 | 3.07E-07 325 | 6.626-07 It I t f p d g f
1675 | 127605 1675 | 2.26€-05 335 | 357607 335 |  6.60E-07 IS reievan or comparisons an ’ e.g. ’ or
1725 | 122605 1725 | 21905 345 | 3.16E-07 35 | s.soe-07 c c . o
1775 | 2.60-05 1775 | 47305 355 | 3.736-07 355 | sa43e07 re bl Nnni ng an d Ca Ic u Iatl ng | nteg ra I va I ues.
1825 | 3.84£-06 1825 | 5.90E-06 365 | 3.71E-07 365 | 5.786-07




Electron spectra - from different participants  |[a @]

50 kVp 100 nm , »
— Participant A
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Electron spectra - from different participants  |[a @]

50 kVp 100 nm
— Participant B: Frequency density in eV
10™ — Participant A: Frequency <\

-1

frequency density per photon in eV
S

Discrepancy because one reported frequency
and the other frequency density!

0.01 0.1 1 10 100
electron energy in keV
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Electron spectra - from different participants  |[a @]

10° 3

50 kVp 100 nm
— Participant B: Frequency density in eV
— Participant A: Frequency

— Participant A: Frequency density in eV ™
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X
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o
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S
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frequency density per photon in eV
S

107

Much smaller discrepancies!
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electron energy in keV



Electron spectra — microdosimetry style n@ll]

3x107

Participant B
— 50 kVp 100 nm

2x10° —

energy x frequency density per photon

100

electron energy in keV



Electron spectra — microdosimetry style n@ll]
Hneariéiﬂ

3x10

Participant B
— 50 kVp 100 nm

2x10° —

energy x frequency density per photon

logarithmic

0.01 0.1 1 3 10 100

electron energy in keV
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Electron spectra — microdosimetry style n@ll]
Hneariéiﬂ

3x10

Participant B
— 50 kVp 100 nm

2x10° —

energy x frequency density per photon

logarithmic

59%
0 —— T

0.01 0.1 1 3 10 100

electron energy in keV
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p
How to know: is this plausible or meaningful? QD

3x107

Participant B
50 nm 100 nm
— 50kVvp — 50kVp
— 100 kVp —100 kVp

2x10° —

1x10”°

energy x frequency density per photon

i

O 1 1 ) ) lllll
0.01 0.1

00

electron energy in keV
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How to know: is this plausible or meaningful?

(?)

3x107

energy x frequency density per photon

==

Participant B
50 nm 100 nm
— 50kvp — 50kVp
— 100 kVp —100 kVp

AN,

0.01

0.1

10

electron energy in keV

Integral: Number of
electrons per photon

50 nm 100 nm
50 kVp 5.2x103 8.8x103
100 kVp 2.5x10° 4.3x103

100

cURADOS
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How to know: is this plausible or meaningful?

3x10°
Participant B .
50 nm 100 nm Integral: Number of
i o electrons per photon
— p — p

50 nm 100 nm
50 kVp 5.2x103 8.8x103
100 kVp 2.5x10° 4.3x103

Number of interactions

ﬁ WL 7 in GNP per photon
| P
— I J ‘\ 50nm 100 nm

O 1 || |} I LI ll 1 ] 1 ] LI ll 1 1 LI ll 1 ] 1 1 I . 50 kVp 1-1)(10-3 2|6X10-3
0.01 0.1 i . - 190 100kvp 0.5x10% 1.3x10°

electron energy in keV
cURADOS

energy x frequency density per photon
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How to know: is this plausible or meaningful?

2.0
Participant B -
_ e o IntegraI: EIectro.ns per
— 50kVp — 50KVp photon interaction
—100kVp — 100 kVp
1.5 -
50 nm 100 nm
1 50kvp  4.77 3.40
1.0 - 100 kVp 4.72 3.35

Q
o
l

energy x frequency density per photon interaction

o
o

=
—
—

electron energy in keV
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Normalize to probability of photon interaction

N
o

1.5 -

50 nm
— 50 kVp

100 nm
= 50 KNP

1.0 -

(?)

f—

N 1

I llllllll 1 rlllllll )

10

energy x frequency density per photon interaction
o

A 1

lllllll' 1 l_lllllll )

10
electron energy in keV

100

2.0
J 50 nm 100 nm
159 100 kVp —100 kVp
1.0 —
0.5 4
0.0 I I lllllll 1 ) lllllll 1 1 UL
0. 1 10
2.0
il 100 nm
— 50 kVp
1.5 4 — 100 kVp
1.0 —
0.5 —~
OO 1 ) lllllll 1 ) Illllll 1 1 LI
0.1 1 10

electron energy in keV

100
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Normalize to probability of photon interaction QQ

The last step was very advanced data analysis, but ...
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Normalize to probability of photon interaction QQ

The last step was very advanced data analysis, but ...

... where do | get the number of photon interaction from?
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Normalize to probability of photon interaction QQ

The last step was very advanced data analysis, but ...

... where do | get the number of photon interaction from?

» Haven’t you scored it in your simulations?
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?
Normalize to probability of photon interaction QD

The last step was very advanced data analysis, but ...

... where do | get the number of photon interaction from?
» Haven’t you scored it in your simulations?

» If not: Read the paper from the Special Issue (Rabus et al., Radiat.
Meas. 147, 106637 (2021), doi: 10.1016/j.radmeas.2021.106637)
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?
Normalize to probability of photon interaction QQ

The last step was very advanced data analysis, but ...

... where do | get the number of photon interaction from?
» Haven’t you scored it in your simulations?

» If not: Read the paper from the Special Issue (Rabus et al., Radiat.
Meas. 147, 106637 (2021), doi: 10.1016/j.radmeas.2021.106637)

» There will be a EURADOS Report on the exercise with templates

cURADOS




Take home messages

* Be sure you understand the problem you want to simulate
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physical quantities with a unit.
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* Be sure you understand the problem you want to simulate
* Be aware that there are a few pitfalls with spectra

* Simulation results are (generally) not just numbers, but
physical quantities with a unit.

* Check the plausibility of your results
* Being wrong is a chance to learn — that’s science

* Don’t trust computers. They never do what you want.



Take home messages QQ

* Be sure you understand the problem you want to simulate
* Be aware that there are a few pitfalls with spectra

* Simulation results are (generally) not just numbers, but
physical quantities with a unit.

* Check the plausibility of your results
* Being wrong is a chance to learn — that’s science

* Don’t trust computers. They never do what you want.
They only do what you programmed!




Spare slides

Hans Rabus
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Electron spectrum — what is it?

Quantity Meaning or formula Notes

Absolute frequency Number of electrons, N;, with energies E in the it"energy bin, Integer number
i.e., between E; ;i and Ej a0y

Frequency per primary Ratio of number of electrons in the it energy bin, N; to the Number

particle number of primary photons, N,,.

Relative frequency Proportion of electrons in the it" energy bin, fl.(r) = ZLILV Number Zl_fi(?‘) —1
3 ’

Frequency density per F(E) = 1 Ei'm“"f (EYdE = N; /N Unit: eV-?

primary particle L AE, Ei min 1 AE; AE;= E; max — Eimin
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(?)

Electron spectrum — what is it?

Quantity Meaning or formula Notes

Absolute frequency Number of electrons, N;, with energies E in the it"energy bin, Integer number
i.e., between E; ;i and Ej a0y

Frequency per primary Ratio of number of electrons in the it energy bin, N; to the Number

particle number of primary photons, N,,.

Relative frequency Proportion of electrons in the it" energy bin, fl.(r) = ZLILV Number Zl_fi(?‘) —1
3 ’

Frequency density per F(E) = 1 Ei'm“"f (EYdE = N; /N Unit: eV-?

primary particle L AE, Ei min 1 AE; AE;= E; max — Eimin

For spectra, the frequency density is the most suitable quantity (for reporting).

cURADOS
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Electron spectra — plotting & rebinning

Quantity Rebinning Plotting
7x10” — =
Absolute frequency N; = z N, oo 1 | _ M orgnal.

jei 5x107 - ]

4x107

O
Freq.uency per primary N; /N, = z N; /N, e’ -
particle =t —
- " 1x107 i
r r
=1 °

Relatlve frequency 15.0 151 152 153 154 155 156 1567 1568 159 16.0
j €i electron energy in keV

frequency per photon

— original
— rebinned

2x107

_ 1 _
FED) =57 ) FEDAE,

Mean frequency density J€t

per primary particle
AEiz Z AE]

jEi

frequency density per photon in eV ™"

150 151 152 153 154 155 156 1567 168 159 16.0
electron energy in keV




