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The main goal is to build the 8, distribution

dN AN
dQR (QR) / dQT (QT) g(‘gRu 59, QT)dQT

50 = \/60% + 062

0. = true electron’s angle

0, = reconstructed electron’s angle

00, = smearing in the plane XZ

00, = smearing in the plane YZ

The function g models the smearing due to Multiple Scattering (MS) and tracking resolution
effects. It depends on the smearing in the two planes XZ and YZ, and its shape depends on

electron’s energy, which is function of 6_

3 Si evenly spaced,
each 1,2 mm thick

Module length: 50 cm

In order to simulate the intrinsic tracking
resolution, a gaussian smearing has been T; — T; + Gaus(0, oonrs)
applied to the single hits, with o, = 26 pm:



Angles definition and projections

e Let’s assume that the scattered electron is emitted with N
@, = 0. This can be done without loss of generality,

45 &4

thanks to the isotropy of the azimuthal angle.
eXT = eT
eYT =0

e After MS effects electron’s direction is defined
by the angles 6 and @. It is related also to the

total smearing in the two projections.

!

0,.=0,cos =00 +0_
0,.=0_sin @ =006,




Angles definition and projections

0 0,,=0 0,.,=0,cos =00 +06_ 0,.=0_sin @ =00,

This means that GR is related to
0., 00, and 00, by the relation

Op = \/(59}{ + QT)Q + 59}2,

Total smearing in the two projections are given
by the sum of muon and electron contributions:

00y = 59”)( + 00, x

00y = 59/iy + 00,y

In order to model the distribution of 00, and 60, we will start

to analyze separately the two contributions



Determination of fp( 59HX )

Muons with E = 150 GeV * 3%

generated along the the z axis, passing

through the upstream detector

MuXY — Q;L XY

Difference M

eStaI't _ el’iC

Intrinsic resolution of the tracker
IS the most relevant effect

fu(00,x) =

1

V2o,

. with smearing. XZ projection
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Determination of f (66 , )

Generation of electrons at fixed
energy/angle in the center of Be target, 599)( Yy = QP XY 6’€ XYy
passing through the downstream detector

Several samples generated, with E_ € [1, 135] GeV, in order
to obtain a parameterization of MS af a function of energy

e (59(: p)=N|(1—a e 202, / " .
fe(00.x, D) ( )\/%0(; \/V’]TUTF(§ Vol



50000

40000

30000

20000

10000

In this way It Is possible to determine the distribution of
the total smearing in the planes XZ and YZ

\\\I‘\\\I‘\\\I‘\\\I‘\\\[‘\\

50,x

h_thetaXZ_SMEAR 10° =
Entries 1500000 = 59
Mean -2.34e-05 F e %
Std Dev 0.07669 ~ -
%2/ ndf 122.1/116 10* =
Prob 0.3316 E
Constant  5.202e+04 + 5.218e+01 —
Mean  -2.418e-05 + 6.262e-05 [
Sigma 0.07668 + 0.00004 10° =
107 =
0=
1 %ﬂj‘
[ —

h_thetaXZ SMEAR

Entries
Mean
Std Dev

1000000
—6.943e-05

&

10

I
0.2

I
0.6

8
632" - 07° [mrad]

Ey

-0.2 0 0.4 .
65" - 0} [mrad)
59 — 59 59 h_conv

X /"L X + GX Entries 500000
= Mean -0.0001074
— Std Dev 0.2823
— Underflow 253
= Overflow 266
= ?Jfrr \ x>/ ndf 224 /114
— Prob 3.608e-09
= N 2.913e+04 + 4.123e+01
= r’f ‘\ a 0.3311+0.0102
— u 0.0002207 + 0.0003487
L e T S 0.2189 + 0.0012
= W M v 2.703 £ 0.058
— o 0.1997 + 0.0037
" ety el i TR T T, TR

8, [mrad]




Assuming 80, = 0,8, = 80, + 6,

What happens in this case to the distribution of 6,

if I increase the value of o by 1%?
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Assuming 68, = 0,0, =60, +0_

What happens in this case to the distribution of 0,
if I increase the effect of the tails by 1%?
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The two projections 66, and 60, have the same distribution, but

10°

Assuming \

independency '
brings to

overestimate
the effect of the
tails
102

1Q

—

are they independent?

O = \/ (06x + 07)? + 663
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A parameterization of the joint distribution (60,, 66,,) is necessary
to construct properly the 8, distribution

Assuming a 50« — 50
rotational simmetry, it (SQX, 69Y) —) (69, O() X = 0V COS «x

IS convenient move 50v = 60 sin o
to polar coordinates: Y

* o has a uniform distribution
* 80 is distributed according to p(d6) o< 60 f (00x )50, 0

80, = /86, + 367,
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For the electrons:
A second gaussian has been added to 06, pdf, to fit the long tail of the distribution

St = student distribution

fo(00,; p) = N0 {c[St(00,,v,07) — Gaus(66,,0¢)] + b Gaus(00,, 0q) + (1 — b)Gaus(66., o67)}

Fit the distribution E')E)e can bhe g

difficult, so it is better to p(60; 'ﬁ) — / fu(ﬁeﬂ)fe((ﬁ@ — 59‘“; ﬁ) d59,u,

determine the parameters of
the pdf using the convolution o N p
distribuzione 80 = /865 + 36
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Even if the fit is not precise, because of the high
correlation between the parameters, in this way the
distribution of 6, Is reproduced with more accuracy

Or = \/ (00x + 0r)* + 065
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In order to obtain a complete parameterization of
MS effects, it is necessary determine how the
parameters that define the shape of f (66) evolve

with electron’s energy.

Since the fit procedure is not very precise at the
moment, some parameters show a well defined
behaviour
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b(Ee) = po + D1 g2 e

v(E.) = erfe (—

Ee — DN
D2
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Conclusions

* The work done on the Multiple Scattering shows that the
approximation of independency between 605 and 60y is not
sufficient to determine properly the distribution of 0;, because of a
different behaviour in the signal region (0; ~ 0 rad).

* Further studies will be exploited to determine the systematic effect
of a miscalibration on the width and on the tails of the MS
distribution. The procedure is very complex because of the multiple
integrals involved. Studies are ongoing on this topic.
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