Farts H10H o [ B2 2 P g Vol.41 No.10
20244F 10 H Chinese Journal of Medical Physics October 2024 _ 1189 -

DOI:10.3969/.issn.1005-202X.2024.10.001 E ?Zi%#h}fﬂ

SPEEDO: —FRF AR HRE FRIF FFHI=ITERERF

2ELVEARELIAE  FHA KB, ERE R IR SR g
1. tp E R AR IR R S AR B, R AR 230026 2. TR RS A PR T] , L8 AR 2380005 3. [E R # e ur 1C 4y
ST, HOR 220 7300995 4. v ERF = H AR KA MHE 56— EBERUTRF, L8048 230026

[(FEEIEB: T L —F A TR E T8 7 69 Peak A5 69 £45F F 425 SPEEDO., Fiik : &F T kil 42, KR 3% L 1% AL LA
8 TR 2 0 S ATy 55 BB B B HARE B % T ey Bad 2. s THANEAER , AT A B S A et A,
R GBAAS, T AR R BT R R AR R Y i SAERR . BT RALINEE B T AR AR AR R R AL AR AR Sk ) o
wimizad A2 St A R Z AR ERSTE T WL R R T F AR TOPAS #AT LI E , RE L AX R E B T4
A B E B ik 5% a0 K E (HIMM-WW) Ll #7649 7K 48 7l S 8k 4720 bk . 8558 : SPEEDO #9824 45 R 5 TOPAS £
HRAFH— B, T ERAEE NI F TR T R E R KA T E 10% 8% R, 54 0 AT kA2 F 348 £39 0
T 2%, JE 7% 77 42 & 4 400 MeV/u & , SPEEDO #4 3t L & 18] (13.8 min) A & /> T TOPAS # it F B 18] (105.0 min) .
SPEEDO #j it 5L 45 & 55 HIMM-WW &4 Z A8 72 4% &) 7 2 5 A Ao AR5 71 2 iR i 5 7 @ R I 3k R AT ey — Bk . 4518
SPEEDO #2 /5> 7 VA £ # e isk 3 52 LB 35 F 84 245 F % A &3+ 5.

(XBRNKET87; RHF T w2 mAaaEn

[E4 S ]R318;R811.1 [ XaErFREAL]A [r &% 2 11005-202X(2024)10-1189-10

SPEEDO: a rapid and accurate Monte Carlo dose calculation program for carbon ion therapy
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Abstract: Objective To develop a rapid and accurate Monte Carlo program (simplified code for dosimetry of carbon ions,
SPEEDO) for carbon ion therapy. Methods For electromagnetic process, type Il condensed history simulation scheme and
continuous slowing down approximation were used to simulate energy straggling, range straggling, multiple scattering, and
ionization processes. For nuclear interaction, 5 types of target nuclei were considered, including hydrogen, carbon, nitrogen,
oxygen, and calcium. The produced secondary charged particles followed the same condensed history framework. The study
simulated the transport of carbon ions in 4 materials (water, soft tissues, lung, and bone), and the calculated doses were
validated against TOPAS (a Monte Carlo simulation software for radiotherapy physics), followed by a comparison with dose
measurements in a water phantom from the HIMM-WW (a medical heavy-ion accelerator facility in Wuwei). Results
SPEEDO's simulation results showed good consistency with TOPAS. For each material, in the voxel region where the
physical dose was greater than 10% of the maximum dose point, the relative maximum dose error of both was less than 2%.
At treatment energy of 400 MeV/u, SPEEDO's computation time was significantly less than that of TOPAS (13.8 min vs
105.0 min). SPEEDO's calculation results also showed good agreement with HIMM-WW measurements in terms of lateral
dose distribution and integrated dose depth curve. Conclusion SPEEDO program can accurately and rapidly perform Monte
Carlo dose calculations for carbon-ion therapy.
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Table 1 The yield of each secondary particle isotope was
calculated by simulating the nuclear reaction of 250 MeV/u

carbon ions with different target nuclei using Geant4
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C-H c-C Cc-0 C-Ca
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H 0.009 0.013 0.013 0.018
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“He 0.161 0.135 0.114 0.066
°He 0 3.0x10%  4.0x10%  4.0x10*
"He 40x105  3.0x10%  9.0x10°  4.0x10°
“Li 0.001 0.004 0.004 0.003
°Li 0.013 0.009 0.008 0.005
"Li 0.004 0.004 0.004 0.002
*Li 1.0x10* 0.001 40x10*  2.0x10*
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Figure 2 Integrated dose depth curve of wide beam in water phantom Figure 3 Lateral dose distribution curve of 250 MeV/u carbon ion
beam in a water phantom
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Figure 4 Dose distribution in soft tissue phantom
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Figure 5 Dose distribution in lung phantom
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Figure 6 Dose distribution in bone phantom
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Figure 10 Dose comparison of 330 MeV/u carbon ion pencil beam
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Figure 11 Dose comparison of 400 MeV/u carbon ion pencil beam
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