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Multiple Scattering : mixture of results and a To Do List

1. positron correction to msc motivation :
- e- and e+ backscattering simulations behave differently see plotl,
plot2 (results of 10.1 ref 02) correction needed : e-/e+ are treated

correctly in most parts of the model, except thetal

—> theta0 corr. needed see plot3
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Backscattering coefficient for 31 keV e- (opt3, cut=1 keV)
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Backscattering coefficient for 30 keV e+ (opt3, cut=1 keV)
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Backscattering coefficient for 30 keV e+ (opt3, cut=1 keV)
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Do we need this kind of positron correction for low energy particles

only 7 The answer is NO, we need it for arbitrary energies. see

plot4 , where the correction is applied for Tkin <= 1MeV only or

it is applied everywhere.
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Backscattering coefficient for e+ from Au (rf =0.04)
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2. Optimisation : how to speed up the code and keep the results
‘good’

until version 10.1 :

if(range < safety)

no step limitation in msc, no lateral displacement .

The condition means that the particle is not able to reach the

volume boundary. BUT : the particle can travel further than the

range (fluctuation).

from now :

if (distance < safety)

no step limitation in msc, no lateral displacement .

where distance is the upper limit of the straight line distance the

particle can travel.
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distance = distance(Z) is computed using a simulation.

Note that distance(Z) is greater than range for small Z materials

and it is smaller than the range for high Z materials.
Some numbers for e-/e+:

Z, = 1 Hydrogen distance = 1.184 x range

Z, = 14 Silicon distance = 0.991 % range

Z = 29 Copper distance = 0.808 x range

Zi = 74 Tungsten distance = 0.506 x range

Improvement in CPU time for EM sampling calorimeters >=5 %.
Question to be investigated : the total energy deposit in the
volume does not change using the optimisation, but what about the

spatial distribution of the energy deposit?
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lateral displacement, lateral correlation: they are considered as
corrections to the scattering, but they are important corrections (at
least for some setup)

let’s look at the visible energy in EM sampling calorimeters (lhcb

calorimeter, a Pb-Scintillator sampling calorimeter)

some results : 1 GeV e- showers (0.2 mm cut, 10000 showers/run)

Table 1: E,;s in lhcb calorimeter (MeV)

Stepping type no lat. displacement lat. displacement

Minimal 127.63 141.45
UseSafety 150.78 166.32
UseDistanceToSafety 146.58 162.60
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problem: The Lewis theory gives the mean values of the lateral
displacement, lateral correlation, but not their distributions.

until now: lateral displacement sampled according the simple

distribution f(r) = T§T2 , where 7,42 1S the maximum of the

displacement

and the direction of the lat. displacement computed from r and the
mean value of the lat. correlation.

my try : take the shape of the distributions from the single
scattering , see the next 2 slides. The first plot shows the —— | the
second the distribution of the quantity % for different energies
and materials. As it can be seen in the plots both distributions are

universal i.e. do not depend on the energy and material.

L. Urban G4AI 29 June 2015



Multiple Scattering : mixture of results and a To Do List

(r/frmax)**2 distribution (ss)

air 1 MeV 100 mm
water 2 MeV 1 mm

Si 10 MeV 1 mm

Pb 20 MeV 0.1 mm
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(X*vx+y*vy)/(r*sth) distribution (ss)
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These distribution can be used to sample r and lat.correlation. The
next 2 plots shows the results of the sampling (def means the
sampling used up to now, new gives the results of the new try). A
it can be seen in the plots, the r sampling is about good using the
new method, while the sampling of the lateral correlation is far

from being pertect. Concerning the physics results, the new

method gives more visible energy in sampling calorimeters (by 1-1.5

%) and gives distorted results for a dose point kernel simulation at
low energies.
(short term) plan : try to make a 'good’ lateral correlation

sampling and test the new results ....
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(r/'rmax)**2 distribution (10 MeV e-,1 mm Si)

SS
e 0opt0 def
e 0pt0 new
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(x*vx+y*vy)/(r*sth) distribution (20 MeV e-,0.1 mm Pb)

SS
opt0 def
opt0 new
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