Surviving probability

The fractional change of the surviving probability as a function
of the distance traveled by the particle z is:

dps(2)
= —u(2)dz
(2 p(2)
u is the interaction probability per unit path-length and is
equivalent to the macroscopic cross section and the
Inverse mean free path
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After having traveled a distance z, the probability for the
particle survive is:

p() =ep (- [ d2u(2)

And that for interacting co(z) =1—=pi(2) =1 —exp (—/0 dz'#(z')>

Notice that c(o0) =1 ps(00) =0
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After having traveled a distance z, the interaction
probability per unit pathlength is

p(z) = ;—Z [1 — exp (— /0 z dz’ﬂ(Z’))] = p(z) exp (— /0 z dz’u(Z’)) = p(2)ps(2)

First, ther particle has to survive after traveling a distance z (p,),
Then, it has a probability of interacting per unit path length p.
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Infinite, isotropic and homogeneous media:

ps(2) = e

c(z)=1—p(2)=1—e#

p(2) = <1 — e = per = up,(2)

Monte Carlo in radiation transport. Prof. Mario Bernal, 2015



Sampling of the free path between successive
interactions:

s = —lln(l— r)= —llnr

u u

Notice that r is as ramdon as (1-r)
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Transport in finite media
Interaction probability

c(2) =1—ps(2) =1 —exp (— /Oz dz’u(z’)) + exp (— [:b dz’u(z’))@(z — 2p)
Condition:  p(2) =0 for 2 > 2,

Interaction probability per unit path length:

(2) = u(z)exp (= [ d2/u(z)) +pa(2)8(z — 2,) :
P H XP( /0 H )"‘P ; 2

Monte Carlo in radiation transport. Prof. Mario Bernal, 2015




Transport in medium with different regions.
Interaction probability:

0(2)8(by — 2)pur (z)e Jo 4m ) 0 by bz bs

b ’ n o _ [* (5!
G(Z—bl)e(bz—z)u2(z)e‘foldz#1(z)e Jy, 4%"k2(=")

b / / — b zl z/ _ z ’ z,
H(Z—b2)9(b3—Z)ug(z)e_fold“‘l(z)e Jy, d42"pa ) Jo, 4="ks(=")

p(2)
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Transport in medium with different regions

Interaction probability written in a
different form:

0 b1 b2 b3 =Z

0(2)6(b1 — ) (2)e o &)
+ po(b1)0(z — b1)B(by — 2)pa(2)e” Jo, 4='p2(2")
+ pS(b2)9(z — b2)0(b3 — Z)ug(z)e_ fb2 dz'ps(2")

p(2)
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Transport in medium with different regions

Condition probability for the particle to arrive
in z=b, without interacting in region b, ,

ps(bi|bi_1)
Probability for arriving in z=b, 0 b, b, b, =z
ps(bz') — ps(b'—l)ps(bi|bz'—l)

Interaction probability after having traveled a distance z

p(2) = p(21, 22,23 -+ ) = P(21) + Ps(b1)[P(22) + Ds(D2]b1)[P(23) + ps(b3]b2)]- - -
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Interaction probability after having traveled a distance z

0(2)0(by — 2)pa(2)e” J detpy ()
4+ ps(b1)8(z — b1)0(b2 — z)y,z(z)e_fbl dz'pa(2")
+ ps(bz)e(z — bz)e(b3 . Z);te.(z)e— fb2 dz'ps(2')

p(2)

p(2) = p(21, 22,23 -+ ) = P(21) + Ps(b1)[P(22) + Ds(D2]b1)[P(23) + ps(b3]b2)]- - -

Probabilities now depend on a single variable in each
region and they are independent
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Interacting probability in zone 1

p(z1) = () exp (= [ () +p(ba)o(z = b)

Interacting probability in zone 3
p(22) = pa(22) exp (—/o dz’,uz(z’)) + ps(ba|by)d (2 — by)

Interacting probability in zone 3
plze) = ia(z) exp (= [ d2'na(2)) + pu(balba)d(x — bo)
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Example with two zones divided by plane z=b

Interaction coefficient p(z) = mb(b— 2) + p26(z — b)

Global interaction probability
p(2) = 0(b — 2)p1e ™% + 0(z — b) ppe F1ber2=0)
For each zone:

p(21) = e~ + e*1b5(x — b) p(2) = poe 2%

Monte Carlo in radiation transport. Prof. Mario Bernal, 2015



By zone:

For z<b p(21) = pe ™" + e 1%5(2 — b)

For z>b p(23) = poe™H2*2
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Consider a beam with cross section area A that impinges
a foil with thickness dz containing n target per unit volume

A
Interaction probability >
>
nAydzo
dp = A >
dp _ _dr u=X=no dz
d—z = nNo = dZ
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