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Fitting Tracks with Straight Lines (Chi2 Minimization)

Let’s understand lines in 3D for fitting them

Vector equation of a line in 3D: i
F=F, +d
If u is the unit vector along the line and t is parameter: /
F:F0+tﬁ The Line
(x,y,2)=(x,,Y,,2,)+t(a,b,c) / ;
X=Xy,tta : . :
_ 0 b To define a line in 3D, we should know a point (x.,y,.Z,)
Y=Yott on the line and unit vector (a,b,c) in the direction of line
Z=Z,ttc Therefore 6 parameters to minimize!!!
(x=x,) _(y=y,) _[(z—2))
= a — b - c https://tutorial.math.lamar.edu/classes/calciii/fegnsoflines.aspx
20/01/23
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Fitting Lines in 3D (General)

General line in 3D with 6 parameters:
We have given hit points (X,, ¥, Z,), (X;; ¥;,Z,)---.-

X=Dp,t+tp, Minimize of Chi2 to best estimate the parameters
y=p,ttp o o
2 3 o —
Z=p,+t p: Point to line : e ®
distancein3D —" @
DISTANCE POINT-LINE (3D). If P is a point in space and L is
the line 7(t) = Q + ti, then P
(PQ) x @ E ™
d(P.L[)y=2%/ =" Q e e .
Pl ki - Here we are minimizing distance
is the distance between P and the line L. Proof: the area divided Correspond toa general pOInt
by base length is height of parallelogram.
// define the parametric line equation
void line(double t, const double *p, double &x, double &y, double &z) {
// a parametric line is define from 6 parameters but 4 are independent
// x0,y0,z0,z1,y1,z1 which are the coordinates of two points on the line
x = p[0] + p[1]*t;
y = p[2] + p[3]*t; . . . . L . . _
z = p[4] + p[5]*t; // where ux is direction of 1line and x0 is a point in the line (like t = 0)
1 XYzVector xp(X,y,z);
XYzVector x0(p[0], pl[2], p[4])
// distance line point is D= | (Xp-x0) cross ux |

https://github.com/Simple-Shyam/Phd-work/blob/master/HFPPT/distance.pdf

https://root.cern.ch/doc/master/line3Dfit_8C.html
> 0 0 0 0 0 0 0 0000000000000
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Straight Line Fit in 3D (Improvement)

p[o] + p[1]*t; (Chi2 Minimization)
D[i] + p[g]*g;

+ * .
p[4] + p[5]*t; %

<
11 n

o A
Here we are minimizing distance
correspond to point t=0 for which z _ and P ——

Z,,, both are same I : o
X distancein3D V1 @

Ndf: 2 (number of planes)-4

Each plane has 2 degrees of freedom and Z
lines has 4 independent parameters (constraint)

«+. | Improvement after discussion with Annalisa .
; S%g% I g%é% *E: p4 =0 and p5 = 1 reduces two parameters XYZVector Xp(,y,2);

> =t double ti = (z-p[4])/p[5];
_ / XYZVector u(p[0]+p[1]*ti,p[2]+p[3]*ti,2);
double ti = z; double d2 = ((xp-u)).Mag2();
double dx = (xp-u).X(); double dy = (xp-u).Y();
double chi2 = dx*dx/(xerr*xerr)+dy*dy/(yerrtyerr);

Corryvreken also using the similar method as given return chi2;
the link of the class

https://gitlab.cern.ch/corryvreckan/corryvreckan/-/blob/master/src/objects/StraightLineTrack.cpp
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ALPIDE Layers (See Geometry)

ALPIDE Planes:  For Planes Hits \ /trackl
2 2 X
2_dx”_ dy” / track2
X 2 2
o, o, - Z» >
&J AY Pixels
0,=0,=>um
(v,2)
ALPIDE Cylinderical: \J R
o, will be the same 0
- |
dx’  dy’ Z
K="+
O Oy For Cylinderical Layers:
0, =O0g,=5um R:V(yz"'zz) \
O=tan " l)
z
dy:GRHCOSQ Zz=Rcos 0 y=Rsin 6

dy=Rcosf db

Sensor frame will be helpful dy=Rcos 0 d6O=d (R 6)cos @
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Straight Line Fit (With Multiple Scattering)

X: measured position on detector planes (y, )

y=a+bz

If points on planes are uncorrelated

Minimize the quantity below (works for Spatial
resolutions):
N

» o (yu—y) & (y,—a—bz)
Y Ve

Multiple Scattering between planes are highly
correlated, then quantity to be Minimized:

Y Y=Y ) (Y=Y,
XZZ,ZO | Oj; J J
i,j=

For 100 points:
100x100 matrix difficult to Inverse (Chi2 fitting)
For Kalman filter 100 matrix of 5x5 dimensions

X —%
//
X —X
X D/(/
.//
S I O N O O
2y 7, 7, Z,,

MS matrix is non-diagonal
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Local Coordinate ALICE

Tracking frame is Sensor local frame

p=tan”(22) Sonso
X local is normal to the sensor g It Points

: Track
Y local is on the sensor

In this coordinate system: ylocal and zlocal will
describes the sensor

Uncertainties in ylocal is o(r@) and on zlocal is 0(z)
X, is describing the radius

Track Parameters (Local): (y,,z,,sin¢,tanA,q/p;)

Extrapolation, filtering
and smoothing X

i+1

Kalman
filter

Kalmn Filter Method:
1. Extrapolation: Extrapolation (e) on the next plane with M.S. effect

2. Filtering: Weighted average of extrapolated value (e ) and measured value (x)),

known as Kalman filtered value (k)

5
< —— Dbefecforplane 3 goothing: Estimation of parameters to extrapolate

O x Measured point

20/01/23 Tracking Studies: Shyam Kumar 9


https://agenda.infn.it/event/1096/contributions/6159/attachments/4504/4980/Rotondi_3.pdf

ALICE Track Parameters

A
Y o Yo
Track Parameters (Local): ( y,z,sin¢,tan A, q/ pT) X
On cylindrical surface: Xg _|Jcosa —sinao Xl .
2, .2 2 —\ .
X’+y’=R Y,/ \siha cosa [|Y, >
X
g
= Local coordinates rotated by a
Oup__1Ip*0y _ O 2 _ 2 & = w.r.t. global coordinates
1/p,)  (1/ Bl “pca,, = Iy DCA, ‘
(1/p) (i/p)  p ‘” T
Parameter Covariance R
Track Parameters| | .2 A
Oy sz Gy sin ¢ Oy tan A Gy A/p,
2
Z zy o, o, sin ¢ o, tan A o, A/pr 7
_ 2
sin ¢ W= Osin oy Gsin ¢z Gsin I Gsin ¢tan A O-sin ¢p.1/p;
2
tan A Oan 2 y Ouaniz  Otanisin ¢ Otan 2 Otan .1/ pPr pT
1/pg o o o o o
1/ pr.y 1/pr.z 1/ py.sin ¢ 1/ pr.tan A 1/ pr
¢
, Parameter Covariance mzatrix = 5X5 matrix; 5(5+1)/2 = 15 independent entries , X
(Oy ’ Gyz’ Oysinq)’ ayTanA’ ay.l/pT 5> O35 5 Oysin o> O stan 2. » Oz.l/pT ’ Gsinq)’ Osin ¢tan A Osin ¢.1/p.> Otan 2» Otan)t.l/pT’ Ol/pr)
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Definition of Chi2

Xz — (Ymeas_ Yfit)T W_l (Ymeas_ Yfit)

In our case Chi2 with 5 parameters

v THatrixDSym c(5);
c(0,0)=GetSigmay2();
c(1,0)=CetSigmazy(); c(1,1)=CetSigmaZz();
Double t c(2,0)=6etSigmaSnpY¥(); c(2,1)=GetSigmaSnpZ(); c(2,2)=GetSigmaSnp2();
AliExternalTrackParam: :GetPredictedChi2(const Double_t p[2],const Double_t cov[3]) const { €(3,0)=6etS1gnatgl¥(); c(3,1)=Getsignatgla(); c(3,2)=GetSignargisnp(); c(3, 3)=Getsignarglz(); )
c(4,0)=6etSigmalPty(); c(4,1)=GetSigmalPtZ(); c(4,2)=GetSigmaiPtSnp(); c(4,3)=GetSigmailPtTgl(); c(4,4)=GetSigmalPt2();
et e
// Estimate the chi2 of the space point "p" with the cov. matrix "cov" (8, 0)+=t->GetSigmay2();
e c(1,0)+=t->GetSigmaZY(); c(1,1)+=t->GetSigmaz2();

c(2,0)+=t->GetSigmaSnp¥();c(2,1)+=t->GetSigmaSnpZ(),;c(2,2)+=t->GetSigmasSnp2();

Double t sdd = TC[O] =+ cov[O]; ©(3,0)+=t->GetSignaTglY();c(3,1)+=t->6etSignaTglZ(};c(3,2)+=t->GetSignaTglsnp();c(3, 3} +=t->6etSignaTgl2();

Double t sdz = TC[1] + cov[1]; (4,0)+=t->GetSignalPty();c(4, 1) +=t->GetSignalPtZ();c(d, 2)+=t->GetSignaiPtsnp(); c(4, 3)+=t->GetSignalPtTgl();c(4, 4)+=t->GetSignaiPt2();
Double_t szz = TC[2] + cov[2]; c(B,1)=c(1,08);

Double_t det = sdd*szz - sdz*sdz; c{@,2)=c(2,0); c(1,2)=c(Z,1);

€(0,3)=c(3,0); c(1,3)=c(3,1); c(2,3)=c(3.2);
c(8,4)=c(4,8); c(1,4)=c(4,1); c(2,4)=c(4,2); c(3,4)=c(4,3);
if (TMath::Abs(det) < kAlmost@®) return kVeryBig;

c.Invert();
Double_t d = TP[@] - p[@]; if ('c.IsValid()) return kVeryBig;
Double_t z = TP[1] - p[1];
Double t res[5] = {
return (d*szz*d - 2*d*sdz*z + z'sdd*z)/det; GetY() - t->Get¥(),
3 GetZ() - t->GetZ(),
GetSnp() - t->GetsSnp(),
GetTgl() - t->GetTgl()
GetSignediPt() - t->BetSignedlPt()
b
Double_t chi2=g.;
for (Int_t 1 =0; i <5; i++)

for (Int_t j =8; j < 5; j++) chi2 += res[i]*res[j]*c(i,]);

return chiz;
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TPC + ITS, Beam Test

TPC single sector is a planar detector
Hit Points SO only one rotation is required
Track Y

local = Xglobal
12 5 Y ., and Z __ describes sensor
St For S1 alpha should be 90° (Our case of planes)
'l Xlocal = Yglobal
' YIocal = global
= TPC
Y= [ 4
3(6) : ‘\Il WithB =0
| 4 ><Iocal
ocal

ALICE Barrel Track Model
Xg = Ybeamtest
Yg = Zbeamtest

(=3
e} - .
¥

global

Thanks Ruben
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Kalman Filter

2 2
ol (=) In ALICE

o d

2 u, = yp Gr2n+ym0123
%—X:o Chi2 minimization Y o+,

u
_2,9%* 2,0,
ﬁ+ﬁ :uz - Of,"‘()'iq
_ Oi O-':_n —x Ofn +x Oi a(u)zz 1 — ozpoﬁ y,» Z,from the track model
=1 P A+ "GP+ 1 .1 &+o y , z_from the measurement
- p m p m + p m’ “m
7 7
If (0,>>0,) UNX, If(c,>>0,) UFX,
2

—x 4 Cm (x,—x,,)

=X —
ll'l’ m O.i+o_"r2n p m
u =x,+K(x,~x,) K- Kalman gain factor

oCo+o —o o' Measurement is corrected by K Factor
olu)=—t" =0 ——"—=0,(1-K)
ool A+
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Track Fitting Method

Two things required: Extrapolation with MS and Measured Points Track Propagator
gsred P Sensors Yg A bagaloe
Common Steps: Hit Points
Track

v Track Model initialize with the last point x+Margin (0.1)

v Convert last point to local coordinate system rotated by phi. )
v Extrapolate track to the last layer 9
v Rotate Track to local coordinate system

v Update extraolation and measurement (weight average of position and errors

v~ Multiple scattering correction

Repeat above steps for each layer up to layer 1 and then extrapolate to the vertex

https://github.com/alisw/AliRoot/blob/master/STEER/
Base/AliExternalTrackParam.h

Track Extrapolation

Bool_t PropagateTo(Double_t x, Double_t b);

Bool_t CorrectForMeanMaterialdEdx(Double_t xOverX0Si, Double t O,
Double_t mPion, Bool_t anglecorr=kTRUE);

At the vertex X, = 0 and y, is DCA |
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R-¢ Pointing Resolution (um)

20/01/23

Fast Simulation (Expected DCAXYy)

. vertex
. VTX0
. VTX1
. VTX2
. VTX3
. VTX4
. VTX5

Using Kalman filter
: ”Detektor”
.00

.80
.40

.00
.00

R-¢ Pointing Resolution .vs. Pt

[cm] phi & z res [um] layerEff

.00
.00
.00
.00
.00
.00

10°

10%

ol

5 10 15 20

Transverse Momentum (GeV/c)
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It comes 5 um if we
use equal distance
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Fast Simulation (Expected DCAXYy)

Chi2 Minimization (Ignoring Multiple Scattering)

w

Fitted Line

15 C T T T 1 T T U T T T T 7 T T T 7 | I PR ] LT T T T 71T T L7V | I T L7 TTT | | T 1T h hit mc X
C ] 450 f L Entries 6000000
10 - = H H Mean  —4.3336-07
- . 400
C = = H H Std Dev  0.0005002
o - 350 =
- - —a-+ E A \1 g
= y ao a’l X =800 ]
T F S ok I .
S 0 #2501 |
> 7 _ dy £ F J L 3
L i —_— = B
C ] 2 AN ]
s 1+a; F J { £
: : 1 50 = J L -
B ] 100 =
: I :
r b 50 =
=15 -10 -5 0 5 10 5 —%.01 —0.008-0.006 -0.004-0.002 0  0.002 0.004 0.006 0.008 0.01
X [em] Ko
10° =
o o [ 5 R e e [ [ e e o h_hlt_mc_y RS Y LS S L hDCAXY
6000 - - r Entries 14441
C Entries 6000000 L
L 300 Mean 2.24e-07
- Mean 0 r Std Dev 0.0003864
=R Std Dev 0 C x?/ ndf 151.9/129
B 250 Constant 300.13.1
4000 r B r l \ Mean 3.311e-06 + 3.198e-06
— - - — - Sigma 0.0003802 + 0.0000022
S B ~ =200
s b ] e ]
7 = i 3 F ]
2000 = ’ \ ]
E L | €150
w ] wer ]
2000 . B / \ ]
r ] 100 ]
1000 1 sol” ) \ .
C L1l - | L1l | - I - £t 4 ol ] C - Kl T T [ | \j L 1 1 A T . - | ]
—(9.002 —-0.0015 -0.001 -0.0005 0 0.0005 0.001 0.0015 0.002 —%.01 —0.008-0.006 -0.004-0.002 0  0.002 0.004 0.006 0.008 0.01
Yoo DCA,, (um)
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Detector Simulation

Simulation: Red Points we get during detector
simulation with Multiple scattering

Digitization: Smear these red point by pixel

resolution (spatial resolution)

Reconstruction: Fit the point after digitization

In the Beam test data, the point are already include
both effects so we can directly fit the points

Matrix by Werner Reigler (equal spacing)

N 0 0 0 0 0
0 1 2 3 4 5
0 2 5 8 11 14
a2l 0 3 8 14 20 2
c,=Mm="o 0 4 11 20 30 40
Yy N2
0 5 14 26 40 55
06 17 32 50 70
0 7 20 38 60 8
20/01/23

0 0
6 7
17 20
32 38
50 60
70 85
91 112

112 140

MS is highly correlated among the planes

=

Cij:<(.yhit_ytrue)i*(yhi[_.ytrue)j>

Matrix by me statistically (equal spacing)

6x6 matrix is as follows

Tracking Studies: Shyam Kumar
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Transverse Pointing Resolution (um)

Global Chi2 fitting with MS (Line Fit)

Minimization of Full Covariance

XZZi (ymeas_yfit)2

N N
o; = (Yi=Y5)*(wy)*(y; =y )
i=0 l- X = Yi— Y5 *\Wy)*UY 57— Vi,
i=0 j=0
I I I I I I [ I I I I [ I I I I I I | I I I I [ I I
100 . —e— FastSim Line 100 —e— FastSim Line
B —— FastSim ALICE (Kalman) e —— FastSim ALICE (Kalman)
: i E | .
=
80 c 80
L o] e 1
5 o
n = n 1
- | g L. |
60 T 60
i ] £ . There are some issue with some i
- E - constrain parameters 1
40—, $ 40—,
- o e 1
¥ o a ¥
[ ¥ ol c B ¥ Ol
- g L v |
20—, T 20 e
| . | *0 1
o‘ 'f,p °
— "*..." _ - e, . - i
L .."“'*"«00Qto’ooqo-n’ooogooooﬂooo..;ooou - v *.‘."‘.“’..!.‘...v..":""4""'}""';"""*
0 | | | | | | | | | | | | | | | | | | | | 0 | | | | se | | | | | | | | | | | | | | |
0 1 2 3 4 5 0 1 2 3 4 5
P, (GeV/c) P, (GeV/c)

Chi2 minimization gives same results but Chi2 is overestimated (not reliable)
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Global Chi2 fitting with MS (Line Fit)
v A '

The previous case if we use only spatial resolution means
we are giving the equal weights to each points in this case | .

In reality points have different errors so but the effect on
parameters are small: Chi2 is overestimated |

L 4 Scattering Angle Formulation |
—

@ The scattering angles and the energy losses become additional fit parameters, X
along with the track parameters at the vertex (i.e. impact parameter, direction

and momentum). True Errors Equal Weights

@ The 2 function to be minimized w.r.t. the fit parameters is:

Ay2 0? (AE —AE)2

2 seal

X — z + z —ta 1, z - 7
hits O 2 scatters O ia[ Eloss O Ez,‘lgss

where Ay are the residuals, and o, and AE can be estimated from the material

properties (done by the MultipleScatteringUpdator and EnergylossUpdator
tools)

CHEPO7 conference 5 September 2007, T. Cornelissen
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Global Chi2 fitting with MS (Circle Fit)

N . 2 . 2
XZZZ (Xmeas - Xfit) + (ymeas yfit)

2
[ = O O
: 0 i yi
5n L B ] L L S I B
= e . i | e . _
450 Analytical = 100 Analytical (SR) N
C —e— FastSim Circle - B —e— FastSim Circle m
4r = T [ ]
B - = *
35" ] § % i
i . =
C . 3 - i
3 - 3 : -
- F E 5 60
\Q’_2.57 ] ..% B I
© E - < K _
B - 3]
2 o E .
B = $ 40
= | ) L
15 = @ | @ .
B . g L
't . " 20f— 2
S cepasgrprirrsit it iiooy I 7
0'5: Sisssuvidsadsissssbiilitisccccccanneett - MLTTON |
- 1 - e S Y R R R R R R RS RIIISIIIIIsIII
0 | | | | | | | | | | | | | | | | | | | | 0 | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4 5 0 1 2 3 4 5
P, (GeV/c) P, (GeV/c)

Case of equal spacing of palnes where formulas can be used soon will apply for EIC Tracker
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Results (Global Chi2 fitting)

Beam.fChi2
h
" Entries 751
90 C Mean 0.8845
E Std Dev  1.036
80+
70
_ 60 =
= = 3
< F S
g %7 £
& 40 o
30}~
200~
10—
0:\\\[‘ﬂ\ﬂn"‘wﬂ%\\n‘\\\‘\\\‘\\\F\\\‘ﬂ\\\‘\\\‘\\\
0 2 4 6 8 10 12 14 16 18 20
Chi2/ndf
Tracks.fChi2
h
F Entries 4820
450~ Mean 30.12
; StdDev  36.64
400[—
3500
;:‘ 300 g— ';
S N B
8 250 8
& 200" @
150
100[—
50—
0 E L1 | k1 | I I J
0 20 40 60 80 100 120 140 160
Chi2/ndf
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Tracks.fChi2
h
E Entries 4820
450 Mean 49.13
- StdDev  91.07
400
3501
300
250
200~
150
100/
50
OII\\ M‘-“\l;.LLl\LAJ‘JI\Jl!\ll‘ll\JlLJII{JI\\II\\I
0 100 200 300 400 500 600 700 800 900 1000
Chi2/ndf
700 .
C hist2
C Entries 4164
600~ . Mean -0.001514
- Chi2/ndf<100 Std Dev 0.04062
C ¥/ ndf 651.6/118
500~ fﬂ Constant 521.2+13.9
C Mean —0.00319 + 0.00018
a00f Sigma 0.01062 + 0.00022
300
200 J
%2 -0.3 0.2 —0.1 0 0.1 0.2 0.3 0.4
DCABeam-Tracks (mm)
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Results (Kalman Filter)

- hChi2_beam
:JI Entries 751
120 Mean 0.2555
i Std Dev  0.3065
100
5
s 80 P M ]
1] H %
2 i .
5 6o ]
40/]
20
O\II L F‘-IHI—M-‘I\H-‘II\\III\I\H\I\I\\\I\\\HH\7
0 5 1 1.5 2 25 3 3.5 4 45 5
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6 T T T —T T ————. —4
hxyBeam
Entries 751
[ Meanx -0.3119
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TTTT [ UL TTTT TTTT TTTT TT T TTTT TT I T T 1111
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6001 .
B Chi2/ndf<100 ]
o N ]
s r 4
8 400F .
= N J
w r =
300F .
200 .
100 -
7\ s | Lidd Ll I | 1111 1111 I 111 17
o0 10 100
Tracks Chi2/ndf
6 T T T —T T —r—1— —24
L hxyTracks
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[ o - 3 Meanx -0.3181
4 : . Meany 1333
B bk :-'I StdDevx 1.237
B - " |SdDevy 128
2 " Fa = 16
e Lo L. A
> =5 - n
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Results (Kalman Filter)

L N

500

400

hDCA beam_track

5300

Entries (a

200

Entries 4515
Mean 0.0006488
Std Dev 0.07701
%2 / ndf 580.9/178
Constant 450 £10.0
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100
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[
g 4
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oLl
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hDCAXY_beam_trackPull
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Results (Kalman Filter)

RS A S EEE N AR A B Y A B A FTTT T[T T T T[T T T T[T T T T[T T T T [ T T T T[T T ITT [T TTT [ ITTITTITTITTT

4500 hDCAXY_beam_trackPul 120 hDCAXY_beam_trackPull
C - Entries 4499
- Entries 4499 = Mean -0.02229
4000 = M 0.001834 = ]% Std Dev 1.847
B ean . 100 5 %2/ ndf 29.08/26
3500~ Std Dev  0.001933 [ \ Constant 1133+33
C - [ Mean  0.03846 +0.02395
3000F ] 80 Sigma 0.8889 + 0.0295
=il i 3T i )
S500F - < L ! ]
172 i ] 172 _"‘
2 C - 2 60 i
oo | Y food |
1500/~ = 40 L \
10001 = - nj J /H ULF ” .
- ] 20 i M I 'L_L
500 = %ﬁn wﬂﬂﬂ%
:llllllllll\\\\\l[IIIIIIJJ\\\lllIIIIIIJJJ: _\\\\llllllllll\\\\\\\\\\\IIIIIIIIJJ\\\\\_
Q5 = _ = — 5 = = = = =
o, (tracks) (mm) PUll Xgeam Xtracks (MM)
90 7| ] 9 ! T B3 5 I % | 9 7 £ 5% 91 8 750 A R | 55 1 19 § ! S A ¢ % \thclA)Lv\_;ealr"\_"a‘:kPu"
C Entries 4499 . . .
80- lun b o > Pull distributions for X and DCAxy are shown
- %2/ ndf 54.01/39
= ’—‘J p Constant 7417 £2.17
70 Jﬁ ‘\ Mean 04699 +0.0445
C Sigma 1.429 +0.056
601 VV Jrr ] =
& 50 r ){ =
> C 3
2 C = ]
= 40- *ﬂ =
TR W ]
30F JL ﬂ f\ul T\ﬂ [ =
C O '| 3
20: ’J L b [—lhl‘ 3
10 :hj%ﬂﬂ FlunL_H n uﬁ
O_I 111 ) 111y 1111 | 1111 L1l | O | | I |:
5 4 -3 -2 - 5

Pull DCAXY g Tracks (MM)
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DCAXxy beam to tracks

600 P hDCAXY_beam_track
L Entries 4499
500 i Mean 0.126
I Std Dev  0.1671
400

Entries (a.u.)
W
o
o

200 i|1

100
OI\III\II\IIIIIIIWWWM I R
0 0.1 02 03 04 05 06 07 08 09 1
DCAXYBeam-Tracks (mm)
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Event display based on Kalman filter

Eve Main Window - ®
>hi Vi
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Straight Line Fit

4 X: measured position on detector planes (y, )
General line v | T I |
|
y:a+bZ X —%
| — |
2 (yumy) & (yama=ba) k]
2__ m 1/ __ m L ] X
X _Z 0_2 _Z 0_2 ./
i=0 i i=0 i ‘ | I )
| _ - 5
Z, Z, Z, 7 N
0x /6a=0 0x’16b=0

Chi2 minimization: returns besta ,band 6_, 0, 0, O,

- 1 i Yi N oz a YiZ; > 12
Slzz_z Sy:;) o S :Zi Syz:z Z%

N

i ! i=0 O; i=0 O
A=S,S,-S’ F=S /A Covariance Matrix of Parameters
S Rewrite
a:(SySZZ—SZSZy)/A GE:SJA —. O'fl O _l SZZ _Sz
2 A
o,=0,,=—S,/A Ops O -5, S
b:(SISsz_SzSAy)/A ab ba z b b 1

http://www.le.infn.it/lhcschool/talks/Ragusa.pdf
http://www.foo.be/docs-free/Numerical_Recipe_In_C/c15-2.pdf
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y=(1 z)

y=Ap

p: parameter matrix

y

Yo
Y1

YN

X=(Y—-Ap)' W(Y—Ap)

20/01/23

Ap

a
b

Matrix Form

Convention in Matrix Form (Compact)
Matrix of Errors

o/ S /o, ...
v=l 0 Ol wey-=| 0 1/0j.
0 0...0% 0 0..1/0,

Chi2 minimization: Best parameters and Parameter Covariance

p=(A"WA)'A"WY
. -1__ Tyr—1 -1
C,=(A'WA) ' =(A"V 'A)

Tracking is all about finding track parameters and parameter covariance
for any track model

Since track is straight, therefore momentum can’t be determined
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Tracking Performances (DCA Resolution)

Spatial Smearing Multiple Scattering
X' =(Y—Ap) W (Y—Ap) X' =(Y—Ap)' W (Y —Ap)
P=(A"W LA TA'WY p=(A"W,A)TATWY
C;=(A"WGA) '=(A"VLA)" C;=(A"W ,  A) '=(A"V  A)"
0_2
Ogpg  eeeee Mso-
V. = 0 U?sm ...... V.= 0 OJMSl ......
i R Parameters covariance is used for | o0 eeeeee
0 0. O'ERN the extrapolation toward the vertex 0 0..... GZMSN
Extrapolation of line at vertex (SR) Extrapolation of line at vertex (MS)
O*(SR)= 02412 0L+ 0,y r+0,, 1 o (MS)=0+r’ o+ o, r+ 0,1
0 (SR)=0,+r’ o,+20,r 0 (MS)= 041" 0y +20,1

ODCA:\/Gi<SR)+O§I(MS)

The mainissue is o,,.,= 0 (V,,;) that makes matrix singular and inverse doesn’t exist (How to handle?)
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A track follows helical trajectory which is a circle in XY plane and straight line in R-Z plane A

General equation of a circle

Parabolic Fit

if (x—x,) <R

(X_Xo)z"'(y_YO)z:Rz _ X(ZJ Xo x°
Yy=YotR———+x————
7R R 2R
Y= yo"'\/ X Xo) )
2 2
— — -
y=yO+R\/1—(X xo) y=a+bx+cx
=(1/2R)
N I 1 \
Y=Yo If first layer at x = r, then uncertainty in extrapolation:
amR o, (SR)=0 +r' oy+rioi+20,r+20, r’+20,.r°
Pr=Y.
' o’ (MS)=0+r’ oj+rioi+20,r+20, r’+20,r’
o o, O _ 2 Fit the parabola then you can
pT_ R c
“ R GDCAxy_\/O%V(SR)-FOy(MS) extract everything
Pr c
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Parabolic Fit (Same analogy to Straight line)

N N 2\2
ym yz ym_a_bxi_cxi)

X
o 7
y=Ap Chi2 minimization: Best parameters and Parameter Covariance

vl (1 % % X =(Y—Ap) W(Y—-Ap)
0

7 || d
Yil=|1l x1 Xi b ﬁ:(ATWA)_lATWY
coe s C . T _1_ T -1 -1
Yol |1 x, x3 C,;—(A WA) '=(A'VA)

Once we have parameters and covariance: p. and DCAXxy resolution can be extracted

Spatial Smearing 0, 0y o, 2Multiple S(;attering
2 =(Y—Ap) W (¥ —Ap) pr R c 2 =(Y=Ap) Wos(Y—Ap)
~ (AT T p=(A"W, A TA'WY
P=(A WA A WY UDCAx:\/Oi(SR)*'Oi(MS) T Ms_1 o
C,=(ATWgA)'=(A"VaA)! Cr=(A" W, s A '=(A"V s A)

The main issue is o,,.,= 0 (V,,) that makes matrix singular and inverse doesn't exist (How to handle?)
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Multiple Scattering

Covariance matrix entries affected by multiple scattering

1/p A o A z!
1/p (0 0 0 0 0 \
'y , < 2 > di
0 <#> 0 0 — 3”2
< 0 > < @ > di
¢ 0 0 0
cos” A (2cos A)
YL . . <82 > dl <62 > (dl)?
(2cos A) 3
z, <@ > di < 07 > (di)”

0 0 0
\ 2 3
https://agenda.infn.it/event/1096/contributions/6159/attachments/4504/4980/Rotondi_3.pdf

> 0 0 0 0 0 0 0 0000000000000
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