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Linear Track Fitter

Reconstructed track is obtained by minimizing:
X’=5'V's
6:<5j>:<5 5y,j):((xm_x)j:<ym_y)j)
x=x,+a,(z—z,)
y=y,ta,.(z—z)
Xo>Vo,a,,a, are the variables to be optimized.

X, j?

The elements of the covariance matrix: V., =r, 0,0,

r. . Is the correlation coefficient between §; and &,

L,

o. isthe error on §;

1
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Errors o;

o's are the result of the digitization process and the scattering.

In simulation, define :

D:Xreco_Xproj

X .. is the position of the fitted line based on the information at zy and
one MC hit. It can be from:

¢ vertex position & MC hit at 1 plane, or

MC hit at the 2™ plane & MC hit at 1* plane (in

abscence of the vertex, scattering in the 1 layer can
be ignored), or

¢ additional point & MC hit at 1* plane.
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Simulation :

12003— D 1
+ 6 layers of silicon sensor:(D,SS,SS,D)  wat *

+ proton beam of 2.95GeV/c momentum w c1=9.51e-04

400~

¢ unknown vertex

200

-H.mn.num-.num.nnm.nuz 0 0.002.008.008.0080.01

as0F- D 220F
E X,3 200F
300k 180F
250F- "””i‘
E 140
200 — 1206
15[15— 03_ ° 9e-02 1ou§—
£ B
100 B0
° . E aoE-
Ox,i = Oy,i L
%:....J...L L SRR o
B R X S R Ti oz oas B R R I B | R T N - T

31. August 2010 Folie 5




#) J0LICH

FORSCHUNGSZENTRUM

Correlation Coefficient r;

Scatter plots representing correlation between residuals on x-coordinate

ri4= 0 r2,4= 0 r34= 0.90

ik = Vyi
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Result of the track fitter

Residual §; (RecoHit-RecoTrackPos) at
the ith plane on x coordinate

munf— ax 1 H mﬂnE 8}{ 2 i Ae = ereco - eMCTI’ue
. 2007
*F _ t000f 180}
w.  01=4{71e-05 =w;—0'2=1 9fle-05 160
ool oo’ 140
: *F 1200
|r'||::||::||:-|l| TOUE CUE QU001 -I:E . 1; L 001 C
0, 4LCM B,alem] 100}
so;—
so0- 60__
: 5}{,3 " -
500 40:—
aoof. 200
w- 03=2/18e-02 e 0s 0403 0 0 04 0 e 1
20{:5— Ag[mrad]
- J L Angular resolution og = 0.21 mrad
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Detector Alignment

The alignment procedure consists of minimizing :

Ntrack
2 T -1 _
— . . . €—
X’= Y ewile,

J

€

u

U, —u
V.=V

m

is the residual vector expressed
in LCS (u,v,w)

€

1% X m

Wj is the covariance matrix of the track j

Explicitily, by assuming that the misalignment is small:
€,=uU,—Au+(Ay+Ax)v,+(Aw+ABv )tany —u,,
€, =V, —Av—(Ay+Ax)u,+(Aw+ABv,)tan0—v,,

6 is the angle between the uw-plane and the track,
Y is the angle between the vw-plane and the track and

Au, Av, Aw, Aa, AB and Ay are the correction parameters.
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Simulation Studies
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| initial geometry |

> MC SIMULATION

-

DIGITIZATION

-

| modify geometry I

»RECONSTRUCTION

-

TRACK FINDER & FITTER

-

Initial geometry |<
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> The displacements have been introduced by hand for the 3 last planes.
> Aw =0

Residual §; at the ith plane on x and y coordinate after each
iteration

F | J000F
k3 5 :
E _ o 1200
18000 x,1 flet 1 leralien as00- X, 2 r
E —— after 2 it=raticn -
16001 5 1000|
1400k 7| ——ater iteraiens 2000 L
E aonf
1200F r r
E 1s00F t
1000 F &0
BODE F
E 1000[ L
GO0 N a0
400 r L
: so0f 200
200f F
oFLolin Lo i TR 5 [ Loy i oLl 16 C
B5 54030701 0 04 0.2 0.3 0.4 0.5 B N B &=
&, flem] B, glem]
F 3000 1400~ F
o 5 5 5 S
1800 Y!1 2500 y’z 1200 y’3 600 y’4
1600 F 1000/ E
1400 2000 [ S00-
E r soof- F
12007 3 L ao0f-
1000F- 1500~ sok 3
soof r 300
F 1000 L E
600F oo pr
400F L F b
200F o 200 100
obolo Ll T 1) Lol i ol fee’® L Er s rwrrd byt
V554030201 0 04 0.2 0.3 04 0.5 A5 0T b ot 02 03 04 05 B 3 T R R T R 35T o4 oo 0 005 0 045 D2
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Alignment achieved after 2 iterations.
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Values of the parameters after each iteration for the last plane

03 04
% ﬂ l.l I]"rueuaﬂue i;}i ﬁ V
ozl il Very fast convergence
ool [ e vae " for all parameters apart
: “E from Aa
ﬂ_—.—.—.—.—.—.—.—. {l:—-—I—I—I—I—I—I—I
: b
n.o1f :
L -n02f
o E -:}.uai—
e’ R - S B B S R R '”‘""::""1"""2'""5""J""é""t{""ilf""zlr"'
lteration lteration
i ) i
'ﬁ'm & fﬂ B E;}g__ r}’
0.015 -
0 0 u o == = m m 2 ®m N
0.005
-0.02 - .04 a0
L 0.015 i
04 -n.02 n2r
I  ae
lteration lteration lteration

31. August 2010 Folie 11




Alignment of the Tracking Station
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Constraintes : Au1=Av1=0

Tra dL

=4
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Convergence of Aa ?
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Conclusion

¢ A track fitter that takes into consideration the correlation between
detector plane have been developed.

¢ A method of detectors alignment based on reconstructed tracks has
been presented. Alignment can be acheived for less than 3 iterations.

¢ The relative position of the sensors of one of the setup of the BonnTS
during the beam test at COSY in Julich was been determined by this
alignment procedure.
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TRACK FITTER PROBLEM Y / JULICH
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Correlation Coefficient r; i

Scatter plots representing correlation between residuals on x-coordinate

w£Dy;vs D, |

-

r1’4 — 0 I‘2’4 = 0.64 I"3,4 =0.93

ik = Vyi
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