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What, why, and How

(What) We want to know how close tracks are in UHDR

(Why) Describe the interaction between tracks a.k.a. intertrack

(How):
1. Evaluation of closeness
2. Computation of impact (here we focus on heterogeneous chemistry)

In Practice:
1. Model track arrival as Poisson Random Measure (PRM)
2. Evaluate chemical impact with Monte Carlo (TRAX-CHEM)



From Beam to PRM: Simplified Beam and conditions
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From Beam to PRM: Simplified Beam and conditions

Irradiation condition: Nt LET
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From Beam to PRM: Simplified Beam and conditions

Irradiati dition:

rradiation condition | N; LET
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From Beam to PRM: Simplified Beam and conditions

Irradiation condition:

e Dose: How many track hit the target
e Dose Rate: time distribution

Micropulse Zoom
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From Beam to PRM: The model

Assumptions : From Beam delivery we know:
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From Beam to PRM: The model

Assumptions : From Beam delivery we know:
e Spatial uniform on B, (surface S) e Dose
e Independent events (Poisson in time) e Dose Rate
)

An(z,t) = {(az’,t’) : Hx'—x| < Az, Ht/—t\ < Ar}

z? \
((t) = v(Aale, 1) = S5 Nalt \ Az

T o
< Na(t) 1—/0 [[{|u—t\<AT})‘(u)du " (x0,t0)
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From Beam to PRM: final
Issues:

e Account for different beam structures i —
e Compute the quantities averages — conings
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From Beam to PRM: final

Issues:
e Account for different beam structures

e Compute the quantities averages

At) = S ApK (1) = A K (1)
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From Beam to PRM: final

Issues:

e Account for different beam structures

e Compute the quantities averages

( . 7TR2Q
N = <D>LETa

At) = S ApK (1) = A K (1)

continuous beam,
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—

M dCy(t) = butr \x ¢ u(t), micro-structured beam
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From Beam to PRM: final
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Issues:
e Account for different beam structures .
e Compute the quantities averages
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Results: Beam parameters impact on <N>
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Results: Macropulse with differentt _and 7

e Same D, LET and T as before

Expected coincidence parameter vs time-interval
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Results: Continuous Beam LET a impact
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Results: Continuous Beam LET a impact

= (AX = um ; At = ps)
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Results: Continuous Beam LET a impact

= (AX = um ; At = ps) (e™H) =
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Results: Continuous Beam LET a impact
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Results: Continuous Beam LET a impact

_ —2CA
= (AX = um ’At = us) <€—[L> _ (T QAT)e T+ 2 e—QCAT(l_e—QCAT)
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Monte Carlo Track Structure: Intertrack at Heterogeneous stage

INTERTRACK : 2 Proj. Ax =100 nm ; At = 1ns
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Monte Carlo Track Structure: Intertrack at Heterogeneous stage

INTERTRACK : 2 Proj. Ax =100 nm ; At = 1ns
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Monte Carlo Track Structure: Intertrack at Heterogeneous stage

INTERTRACK : 2 Proj. Ax =100 nm ; At = 1ns

1st 2nd
N Phys Phys
oS Pre-Chem Pre-Chem
Hetero-Chem | (track freeze)

ps+At ?

HS -
Ms+AL -

v

60 | . 1ps

—100 —:—)U 0 50 100
X [nm]



Monte Carlo Track Structure: Intertrack at Heterogeneous stage

INTERTRACK : 2 Proj. Ax =100 nm ; At = 1ns
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Monte Carlo Track Structure: Intertrack at Heterogeneous stage
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Monte Carlo Track Structure: Intertrack at Heterogeneous stage

INTERTRACK : 2 Proj. Ax =100 nm ; At =1
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Intertrack: Quantities and their time evolution
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Intertrack: Quantities and their time evolution
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Intertrack: Quantities and their time evolut
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Intertrack: Quantities and their time evolution
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Intertrack: Quantities and their time evolution
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Results: Monte Carlo impact on chemical endpoint
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Results: Monte Carlo impact on chemical endpoint

INTERTRACK:

e Ax - At track overlap and
number of available species
e Intra-track influence intertrack
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Chemical Impact estimation
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Chemical Impact estimation

d(Ax;, Atj)
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Chemical Impact estimation

Pr(Axi, Atj) :P(Aiﬂ@', Atj) - P(Afni—la Atj)
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To be submitted to Radiat.Res. 1



Chemical Impact estimation

Pr(Az;, At;) = P(Axy, Atj) — P(Az;_y, At;)
— P(Ax;, Atj_l) + P(Aw;_q, Atj—l)-

0(Ax;, At;
AChemys ~ ZPr(Ami,At]’) (Bzi, 8))
T Mref
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Chemical Impact estimation | artior Helliim Proton
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Conclusions

MCTS (TRAX-CHEM)

New implementation of TRAX-CHEM with intertrack and oxygen
Small Ax-At [] high effect

Big Ax-At [] small effect (nothing after 2um)

Intratrack effect impact on intertrack

O, can reduce and change intertrack effect for high At (rad. dependent)
O, species undergo strong intertrack effect

PRM Model

Develop PRM model for track proximity quantification

Micro- structure "“collapse" to macro- after surpassing the repetition time
(t,)

Macro- does the same with continuous version after t

Factor =t / t between continuous and macropulse

Increase LET — decrease probability of intertrack

Increase Dose rate — increase probability of intertrack
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