Description of the particle geometrical phase-space:
position and direction.

T =(z,y,2)

@ = (u,v,w) = (sinfcos ¢, sin fsin ¢, cos )
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Particle displacement:

f: _'0-|—'l_l,’08._

= T+ UpSs
Yy = Yo+ VoS
zZ = ZzZp+uwps

T({.’fo,’lzo}, 8) - {.’i"o - ﬁos, ﬁo} = {a‘:’, ’1_1:0}
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Rotation by angle ¢ around z axis.
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Rotation by angle ¢ around z axis.
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Rotation by angle 8 around y axis.

"

x cosf 0 sinf T
y | = 0 1 0 y”
2! —sinf 0 cosf 2 v
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Rotation by angle 8 around y axis.

"

x cosf 0 sinf T 0
y | = 0 1 0 y”
2! —sinf 0 cosf 2 oy
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Coordinate transformation between rotated systems

x cosfcos¢p —sing sinfcos o x”
y | = cosfsing  cos¢ sinfsing y"
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Rotated-to-laboratory transformation operator

cosfcos¢p —sin¢g sinécos @

RO, ¢) = cosfsing  cos¢ sinfsing
—sin# 0 cos 0
R0, 0)|| =1 R0, 4) =R (6,9)
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Change of particle direction

-

tlg = Up, Vg, Wy) = (sin fy cos ¢y, sin Gy sinq‘bo,cos 90)

i = R(6o, do)R(O, )R~ (o, ¢o) o

Lab-to-particle system 1 —
rotation R (90, ¢0)u0

2 =1(0,0,1)

Direction change in the
particle system

-~

§R(9U, ®)z = (sin® cos @, sin O sin @, cos O)
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Change of particle direction (cont.)

Finally, coordinates of particles are transformed from the
particle to the lab system

R0, 9)R(O, D)2

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



Change of particle direction (cont.)

Explicitly

Ug cos © + sin O(wg cos P cos ¢y — sin P sin ¢g)
vp cos © + sin O (wg cos @ sin ¢ + sin P cos ¢p)
w = cos B = 1wy cos O — sin O sin H, cos d

1 = sin# cos ¢

v = sinfsin ¢

R({fo, U_E)}, @7 (I)) - {foa ?R(@o, %)%(@a (I))§R-1(00: ¢0)ﬁ0} — {fo, ﬂ"}
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The trajectory of the particle is constructed by combining
translations

and rotations

(81,852,853 ")

Displacements between interactions

Deflections ([@17 (I)l]a [@2a (1)2]7 [93) (1)3] o )
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Unimos traslaciones con rotaciones para conformar la
trayectoria de la particula (cont.)

{Z1, o} T ({Zo,Uo}, 51)
{Z1,4} = R{Z1,U}, 01, P)
{Z2, U1} T ({71, 1}, s2)
{To, s} = R({Ty,1u1},Oq, ®s)
{Zs, Ua} T ({%2, Uz}, s3)
{¥5,U3} = R({Z5,1U2},03,P3)
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