
Introduction Procedure Results Summary

The VXD alignment

Jakub Kandra (jakub.kandra@karlov.mff.cuni.cz)
Tadeas Bilka (bilka@ipnp.troja.mff.cuni.cz)

Peter Kvasnicka (kvasnicka@ipnp.troja.mff.cuni.cz)

Charles University in Prague

January 11, 2016



Introduction Procedure Results Summary

Outline

Introduction

Procedure

Results
Convergence
Choice od samples and inputs

The standard deviation study
The bias study

The shift of 3rd Layer

Summary



Introduction Procedure Results Summary

Millepede algorithm

MillepedeHits

Constraints

Fixed sensors Alignment study

Tracks for alignment

- Constraints fix the otherwise undefined degrees of freedom
corresponding to global translations and rotations of VXD. They
are realized by requiring that the sum of alignment correction per
each parameter (projected to global system) is zero. We use them
because otherwise we would need to fix some sensor.

- TrueHits are MC simulation objects, they are the records of
passage of simulated particles through a sensor.

- Clusters are reconstruction objects. They represent
reconstructed hits based on fired pixels or strips.
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Validation of Millepede algorithm

Tracks used for alignment:

- Physics process with high counting rate
- Cosmic-ray muons

Alignment study:

- Convergence of alignment parameters of sensors
- The study of choice of samples and inputs
- The shift of 3rd layer
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Procedure
- Generation of samples:

1. Muons generated from IP by ParticleGun (90 000 events)
2. Upsilon(4S) (60 000 events)
3. Cosmics generator (60 000 events)
4. Pair of muons from Z 0 → µ+ + µ− (30 000 events)

- Merging of 20 samples
- 10 independent simulations (∼ 200 samples)
- Outputs:

- Mean value with standard deviation (std)
- Standard deviation of Millepede algorithm (std_mille)
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Geometry of sensors and parameters
- All sensors at ideal position (without misalignment)
- Using constraints
- Local parameters for each sensor:

1. Shifts: u, v ,w
2. Rotations: α, β, γ

- Mean value as bias (difference between ideal and calculated
position)

Layer ID Ladders Sensors Parameters
1 8 2 · 8 2 · 8 · 6
2 12 2 · 12 2 · 12 · 6
3 7 2 · 7 2 · 7 · 6
4 10 3 · 10 3 · 10 · 6
5 12 4 · 12 4 · 12 · 6
6 16 5 · 16 5 · 16 · 6

65 212 1 272
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Using ParticleGun by TrueHits
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Layer 1, ladder 1: sensor 1 sensor 2

The samples do not converge to expected values.
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Upsilon by TrueHits
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Layer 2, ladder 1: sensor 1 sensor 2

The samples do not converge to expected values
and Upsilon’s values are similar as ParticleGun.
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Cosmics by TrueHits

# events
0 252 504 756 1008 1260

3
10×

u 
[c

m
]

0.592−

0.4736−

0.3552−

0.2368−

0.1184−

0
3−

10×

# events
0 252 504 756 1008 1260

3
10×

v 
[c

m
]

0.1572−

0.0907−

0.0242−

0.0422

0.1087

0.1752
3−

10×

# events
0 252 504 756 1008 1260

3
10×

w
 [c

m
]

0.5563−

0.4451−

0.3338−

0.2225−

0.1113−

0
3−

10×

# events
0 252 504 756 1008 1260

3
10×

 [r
ad

]
α

28.197−

20.134−

12.072−

4.01−

4.052

12.114
6−

10×

# events
0 252 504 756 1008 1260

3
10×

 [r
ad

]
β

0.0133−

0.002

0.0172

0.0325

0.0477

0.063
3−

10×

# events
0 252 504 756 1008 1260

3
10×

 [r
ad

]
γ

10.845−

3.332−

4.18

11.693

19.205

26.718
6−

10×

Layer 3, ladder 1: sensor 1 sensor 2

The samples do not converge to expected values
and Cosmics’s values are smaller than ParticleGun.
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MuonPairs by Clusters
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Layer 4, ladder 1: sensor 1 sensor 2 sensor 3

The samples do not converge to expected values
and MuonsPairs’s values are different as Upsilon or Cosmics.
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Uspilon and Cosmics by TrueHits (ZigZag)
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Layer 5, ladder 1: sensor 1 sensor 2 sensor 3 sensor 4

odd sample -> Upsilon, even sample -> Cosmics
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MuonPairs and Cosmics by Clusters
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Layer 6, ladder 1: sensor 1 sensor 2 sensor 3 sensor 4 sensor 5
Muonpairs Muonpairs MuonpairsCosmics Cosmics Cosmics
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Upsilon and Cosmics by Cluster

The standard deviation of rotations is smaller than MuonPair.
and the wedge sensors have the highest deviation.
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MuonsPair and Cosmics by Cluster

The standard deviation of shifts is smaller than Upsilon
and the wedge sensors have the highest deviation.
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Upsilon and Cosmics by Cluster

The range of rotations is shorter than MuonPair.
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MuonsPair and Cosmics by Cluster

The range of shifts is shorter than Upsilon.
14 / 19



Introduction Procedure Results Summary

The shift of 3rd Layer

The study of shift:
- Layer: 3rd

- Sensors: all
- Position:

• Before: 37.99 mm
• After: 38.99 mm

- ParticleGun and Cosmics by TrueHits
- Bias of rotations: (-0.27, 0.27) mrad
- Standard deviation:

• Shifts: (0, 2.26) µm
• Rotations: (0, 0.084) mrad
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Before the shift

Bias of shifts are in range (-7.72, 7.72)
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After the shift

Bias of shifts are in range (-9.99, 9.99)
The change are connected with u and w coordinate.
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Status

Recommendations

• Mixture of samples

The shift of 3rd layer

• Worse result at u and w coordinate

The best result
- Shifts (by mixture of Muons and Cosmics):

• Mean: (-6.34, 6.34) µm
• Standard deviation: (0, 1.31) µm

- Rotations (by mixture of Upsilon and Cosmics):
• Mean: (-0.124, 0.124) mrad
• Standard deviation: (0, 0.084) mrad
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Plans
- Combination of three types samples
- Comparison between Clusters and TrueHits
- Changing constraints for fixed CDC wires

The study of impact to tracking parameters
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Backup

20 / 19



The ladder numbering of VXD

DIN EN 20 216 -  A2 (420 x 594)

Hauptprojektion Gewicht.........: -
mmDimensionen :

Maße ohne Toleranzangabe nach

DIN ISO 2768 m K

 

Werkstoff

 
Zeichnungsnummer / EDV Nr.:

 
Software......: Inventor 2011

Blatt: Gesamtzahl: 1 V11.c1  Teil:
 

PXD-Modulanordnung

Prototyp V11x
PXD-Detektor

BELLE-II-PXDProjekt

Max-Planck-Institut für Physik
(Werner-Heisenberg-Institut)

gezeichnet

geprueft

geplottet

Tag Name

01.06.2011 K. Ackermann

München

 +0,1 -0,1

Maßstab

106-011600-810.idw
1:1 (2:1)

 

 

 (Skizze für Sensornummerierung)

 bwd fwd 

REVISIONSVERLAUF
Nr.: Beschreibung Datum Name
A Nummerierung geändert udn Teile aufgedickt 05.08.2011 Ackermann
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4 L3 ladders

The SVD
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Cosmics by Cluster
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Upsilon by Cluster
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MuonPairs by Cluster
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Cosmics by Cluster
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Upsilon by Cluster
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MuonPairs by Cluster
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Upsilon and Cosmics by Cluster
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MuonsPair and Cosmics by Cluster

30 / 19


	Introduction
	Procedure
	Results
	Convergence
	Choice od samples and inputs
	The shift of 3rd Layer

	Summary
	Appendix

