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Doing the alignment :

7 _uij;m_ ij; p( ]’p)
+ Calculate normalized residuals, z: i 0; )

j —track numbers , i-— track's hits numbers, Uy, = measured value of the hit position,
U, — predicted value, depend on the vector of track parameters Tjand the alignment parameters p
that describe the position, orientation and deformation

2
+ Alignment algorithm minimizes the X function: X “(, Z (Z Zy\t;, P )

+ Linearize the minimization problem
» Minimization of the function % (T, p), leads to a system of linear equations

# Solution of the linear equations is a complex mathematical problem
= 200000 equations

-+ Number of t parameters — in the order of millions!
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Organization of MillePede I program which is using for alignment :

@ Considers all correlations between track and alignment parameters
2

@ The minimization of the function X leads to a system of linear equations

@ In the global case we have ( from normal equations of least squares ) :

Ca=b,

where C - symmetric n-by-n matrix (measured),
a - vector of alignment alignment (global) and track (local) parameters
b - products of residuals and global derivatives (measured)

+ Individual tracks are independent of each other — block structure of the equation matrix
+ Structure can be exploited to reduce the matrix size

+ Will get C'a’'=b" - a'=C"'b’

+ Have smaller equation system, where a' contains only the alignment parameters

+ The achieved statistical accuracy on the module alignment is found to be significantly

better than 10 um

Program also include constraints between module parameters
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*  Procedure is doing the fit with all tracks parameters and with all modules
parameters simultaneously

+  There are situations when coherent changes of alignment parameters can be
compensated by changes of the track parameters -~ WEAK MODES

+  Weak modes bias the track measurements:

t b. \/.
¢ curvature ~ p bias ! [ \\
. }
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+ In this analysis we studied the so-called ——
SAGITTA ans TWIST weak modes o

Examples of % -invariant deformation
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TWIST is a deformation of the tracker, in which the modules are moved coherently in
@ by an amount directly proportional to their longitudinal position :

A = const - z

/-\ \ *  Modules are moved in ¢ by an amount

Z proportional to z position

J +  Further from the center — large displacements

) }\
\/ / * Compensated by changes of the track parameters
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SAGITTA is a deformation of the tracker, in which the modules are moved coherently
in Y by an amount directly proportional to their radius r (in a cylindrical coordinate system) :

Ay = const - r
This mode shows off-centring of the barrel layers and endcap rings.

N

Sagitta
\ case
Oy = :

In this case, again deformation of the detector could leave v” without significant changes
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To control weak modes it is crucial to include additional data samples:

+ Cosmic ray tracks that break the cylindrical symmetry (help in Twist & Sagitta cases)
+ Straight tracks without curvature, recorded when the magnetic field is off (help in Twist & Sagitta cases)
+ Knowledge about the production vertex of tracks

+ Knowledge about the invariant mass of a resonance (Z boson) (help in Sagitta & Twist cases)

Procedure to controle weak modes:

* Took recent well converged alignment with 2012 data and use misalignment scenario (Sagitta/Twist)
+ Using all data samples (cosmic, collision data , 0T, 4T)
+ Apply alignment procedure

+ Compare obtained geometry with legacy alignment object
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+  Alignment procedure makes some improvements

* Need to use different data types
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Twist (Ap =c + 2)
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+ Alignment procedure is sensitive to the twist weak mode with different data types

+ Good recovery of twist mis-alignment with Zuu’ OT cosmic data
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sagitta (Ay =c « 1)
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+  In the case when mis-alignment is not linear — have to use few iterations

+  Alignment procedure is sensitive to the sagitta weak mode

*  Good recovery of sagitta mis-alignment
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sagitta (Ay =c « 1)
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Significant improvements with respect to the realignment of 2011 Alignment
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Summary

@  Track-based alignment procedure of the CMS tracking detector has been explained
@  Certain systematic distortions of the tracker geometry are very challenging for track-

based alignment ("weak modes")

@  Weak modes can be controlled by combining different data types in the alignment fit
- good recovery has been demonstrated for the twist and sagitta weak-modes

= further weak modes will be studied

@  Significant improvements with respect to similar study with 2011 alignment

Plans

@  Study additional weak modes

@  Apply legacy alignment methodology to Run II data
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Data type N(events)
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[ Based on 2011 Alignment ]

- PXB - PXF - TIB TID - TOB TEC

CMS 2011 : :

£ ‘ B E to0l o '
= 60 ] & 100_ Ft_ef; mngdm:i‘-tinrggarg?ﬂnat misalignmemnt: l H
= 40 & = LS PRix "]
< ST ] L - Tib .
20 | ‘ ‘ | l - - TTeE -
L i R i i o ]

OF » lil !3’ ntu ﬁii’l i | ii" il ilku | - i

- i private work -

200 g . i
400 : 100 —

I NS Y N RO R E S L [ -1

0 20 40 60 80 100

IS 50 - 100
r/cm r [cm]

Significant improvements with respect to the realignment of 2011 Alignment

I : , ,
HHHHE TEC consist of overlapping strip
WHHE ™ modules. Hence it has low sensitivity in
THH Y directions.
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Twist (Ap =c + 2)

Re-alignment > Re-alignment
full data full data
B rxB [ PXF TIB TID [ TOB TEC

o 2 T o ko) e
Q 1 0:* private work 7 E 10; private work *:
3 g - -
3 6 Re-alignment - g 6 Re-alignment -
LTI 1st iteration — - 2nd iteration -

o Wi i, ] 4:* N

0 BT g 2 -

) g P My | E j_s"é i 4y ﬁﬁ‘»ﬁkaﬂdw-w e besi .+ _:

j_ 13!;&%%2 I B g;;j 0 i ‘h“m“% RLUTITTE

-200 -100 0 100 200 -200 -100 0 100 200
z/cm z/cm

+ Alignment procedure is sensitive to the twist weak mode with different data types

+ Good recovery of twist mis-alignment with Zuu’ OT cosmic data
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