The TPOL interaction point:
how to implement it in a Monte Carlo

e The electron beam
e Folding in the laser beam

e Results
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The electron beam

e Basic machine parameters at HERA II are:
vertical: a, = 1.45, 3, = 56.21, m, €, ~ 2.5 mm prad
Horizontal: o, = —0.41, 8, = 8.48 m, e, ~ €,/0.03
Note: «, 8 from Eliana, ¢, from HERA II measurements, ¢, from NIM paper
(might be out-of-date)

e o, > 0 and a,; < 0 means beam is focussed in y and defocussed in z

e Formula for beam envelope along D is given in NIM paper:
o(D) = \/e(B —2ax D + ~ x D?)

2, .
Note: v = HBO‘ is the beam divergence at D = 0
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The electron beam (continued)

e Probability density to decribe the electron beam size y and slope sy:

fy(yasy) — 27r eXP[ (5y5 + 2ayy Sy + VY )]

Test: beam size at dlstance D:

U(D)Q = <(y‘|‘D*3y)2> = fdyfdsy(y+D*5y) fy(y,sy) = e(B— OéD"‘VDQ)

beam size y and beam slope s, are anti-correlated

e To generate correlated random-numbers, find orthogonal linear combination

of y and s, in argument of exponential:

(o +1)
é(ﬁysi + 20,y sy + y?) = i(ﬁysz + 20y sy + %y y?) = B—y(

Generate independent Gaussian random numbers 1 and 2.
Assign y = /€,3,71 and (s, + g—zy) = \/;—ng.

Calculate s, = \/;—ng — ay\/;—Zm = /&7y (1 = C)ra + Cy r1) where
Cy =

1—|—a :
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Folding in the laser beam

e laser is a round beam with crossing-angle ¢,

Probability density function for laser beam (fixed y):
fi(w,2) = 5267 expl— g7 (#° + (y cos ¢y — zsiny)")]

e Full probability density (contains LASER and electron beam parameters):
f(xay7 Z? 8337 Sy) — N X fw(xa Sw) X fy(y7 Sy) X fl(x7y7 Z)

e Need to find independent linear combinations and generate five random
numbers

Argument of exponential for the horizontal direction:

f—i(sx + %—ix)Q + (ewlﬁw + 01% )

1
L
-I-U%

Introduce size of overlap-region in z at IP: 0, = —

€x Bz

e With random numbers r; and 7rs:

Calculate £ = g,

and s, = \/ex’}/x((l C )7“2+C \/Tﬁm )
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Folding in the laser beam (y and z, results)

e Argument of exponential: B—y(sy + 29 + 2 + L (y — z0y)?
€y By €y By o7,
e Use independent Gaussian random numbers (r1,72,73,74,75)

Horizontal vertex at IP: © = 0.7

Horizontal vertex slope at IP: s, = /€72 ((1 — C2)ra + C, \/%7“1)

Vertical vertex at IP: y = /e, 3,73
Vertical vertex slope at IP: s, = ,/e,7, ((1 — C;)ra + Cy7s3)

Longitudinal vertex: z = %(n’,a L+y)
e Result: (z,s,) and (y, sy, 2) are correlated
e Check beam size at distance D (Mathematica):
((y + sy D)?) = €y(By — 20y D + v, D?)
(24 5:D)%) ~ Ly es(Bo — 200D + (72 + ) D?)

€
6:1:5934‘0'% x
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Results
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