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The CMS tracker

Primary-Vertex validation [8] 

Distribution of the median of the residuals

 > Residuals are computed for each module
→ track fit is performed with N-1 hits

 > The median of the residuals per module is histogrammed
→ shown here for local x’ coordinate in PXB

 > µ and σ are the parameters of a Gaussian fit

→ local precision of the tracker in data taking is 
improved with a factor of 10 in the aligned tracker

Geometry comparison (18-19 May 2018)

 > Each point represents a module.
 > X-axis: Old position.
 > Y-axis: Difference in the position of the module between the two 
sets of alignment constants.

→ PXB and PXF in the tracker in data taking are 
shifted w.r.t. the aligned tracker

Weak modesPerformance [8]

Mean track-vertex mpact parameters

 > Refit a vertex with N-1 tracks
 > Investigate impact parameter distributions of the excluded track
 > Very sensitive to misalignment, especially in pixel

→ modulations are improved with the aligned tracker

Trends

 > Perform similar validation for each period
 > Extract mean bias and investigate evolution w.r.t. integrated luminosity 
 > Vertical lines correspond to changes in the calibration of the pixel local 
reconstruction

 → aligned tracker is more stable than tracker in data taking

Ideal tracker

 > module and track parameters p and q
j

 > measured and predicted position m
ij
 and f

ij

 > measurement uncertainty σ
ij

→ linearisation of the χ² allows to treat the 
problem with linear algebra

Global χ² minimisation with MillePede-II [6] 

 > global fit of p and q
j
, including all correlations

 > takes advantage of the different nature of p and q
j
 

→ global vs local parameters
 > very demanding in terms of memory (~100 GB of RAM)

Note: MillePede-II is a project independent from CMS

Local χ² minimisation with HipPy [7]

 > iterative procedure, where
1) fix track parameters q

j
 to fit module parameters p,

2) vice versa & iterate
 > reasonable memory consumption

Alignment of the CMS Tracker
and latest results from 2018. 

Zµµ validation [8]

Purpose

Time variations

Re-alignment in 2018 [8]

History
 > Phase-0: Run-I & Run-II 2016 [2]
 > Phase-I: Run-II 2017-2018 & Run-III [3]
 > Phase-II: Run-IV [4]

Phase-I
 > Inner pixel detector: PXF + PXB
 > Outer strip detector: TIB + TID + TOB + TEC

Tracking performance is reduced due to 
misalignment
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Track-based alignment [5]
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 > Data from throughout 2018 are used
 
→ misalignment of PXF in tracker during data taking

is cured after re-alignment

Goal
Compute a correction for each module in order to improve the 
tracking performance:

 > Each sensor has to be aligned
 > 3+3+3 parameters for position, orientation and curvature 
 > Some modules are made of two sensors

→ ~ 200k parameters to determine!

+ keep constant performance over time

At mounting

Mechanical alignment is performed but performance is still 
limited:

~ 0.1 mm ~ 10 µm (pixel)
~ 20-60 µm (strip)

Challenge

Realistic tracker

Modules       Tracks       Hits

The precision of the 
alignment depends on 
the statistics used to 

perform the 
minimisation.

alignment
in data taking

aligned
tracker

Strategy

 > Pixel tracker very sensitive to intense radiation
 > Larger samples after several months of data taking
 > Improve performance for physics analysis

→ ~ 80 sets of calibration constants covering first half of the 
year’s data taking

Magnet cycles
Temperature

variations

Ageing and 
calibration

of the modules

But limited statistics
from cosmic rays

and resonance products

Align separately

 > absolute positions of the large mechanical 
structures with time dependence
 > relative position of the sensors to the large 
mechanical structures without time dependence

Figure from [1]

Twist (Δφ ~ z) Telescope (innermost layers are misaligned 
along z w.r.t. outermost layers)

Figure from [8]

Figures from [9]
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