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High Luminosity LHC Motivation

* Improve the potential of the LHC for rare standard
model and beyond standard model processes. To
achieve this, we must:

* Improve luminosity from 1000 fb”-1 to 3000 fb"-1
* Increase granularity

« Extend tracking acceptance, efficient tracking up to |[n|=4
« Reduce material in tracking volume
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Tracker

* The entire Tracker system iS 5.8  cwomcron i
m long, 2.5 m in diameter, = ‘
covers pseudo rapidity range -
251025

 The Tracker is the first sub-
detector, which measures
charged particle tracks

 Currently made up of two
subsystems

* Pixel Detector (Inner
Tracker)

» Silicon Detector (Outer
Tracker)
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Outer Tracker Phase 2 Upgrade

* Whole tracker system will be replaced

* New outer tracker has two types of modules: 2S and PS
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Stubs

* The stub system exploits CMS’s magnetic field to lower
pT threshold at module level and reduce L1 tracking input
size

* Relies on the 2S and PS modules

 Cut corresponding to 2GeV/c removes 99% of particle
tracks

* Requires precise measurement of F‘Q‘srrrmmﬁ

misalignment between top and [ (p ) ‘—._:/fai,
16-40mm | programm e
| ‘o

bottom sensors in modules:
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Starting Goals

« Silicon Detector Facility at
Fermilab

 Getting acquainted
» LabView
« Gantry
* Laser
 Testing measurement
procedure developed by
University of lowa students

during previous summer for
2S module
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Previous Method

« Gantry head homes

« Gantry head moves to fixed
starting position

» Head drops until laser detects
something

* Drop from there to “center” of
sensor

» Take distance measurement from
laser

« Shift to next point (8 total points)
* Getallinear fitford vsy

» Use slopes of top and bottom
sensor to determine angle
between them
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Problems that came up

* |[nitial data was very strange
» Variation on order of hundreds of microradians

* Various troubleshooting fixes and tests

* Locking U motor
* Allowing laser to warm up
 Testing accuracy/consistency of laser with granite block

« Mapping the height of the gantry table
» Taking a profile scan (d vs z) of the side of the module

 This revealed that the laser varied in detecting the
“edge” (z) of a sensor, which lead to variation in the
point where the actual measurement was taken
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Vertical Scanning
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New Measurement Procedure

« Gantry head homes
» Gantry head moves to fixed starting position
A vertical (z) scan is performed

 For each sensor:

* Find the mean and standard deviation of d vs z

 Throw anything further than 1 standard deviation out, then take laser
measurement at height of mean from adjusted data

* Shift to next point (4 total)
Getalnearfitfordvsy

« Use slopes of top and bottom sensor to determine
angle between them
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Automation

* Frees up advanced technicians by making the task
suitable for students

* The program design is intuitive and requires little to no
training

 Consistently and precisely measures the angular drift

 Creates an exact process that can be replicated at
other institutions
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Future Goals

« Continue improvement of assembly procedures at
SiDet

» Improve consistency (new method still varies on order of tens of
microradians)

« Automate gluing of service hybrids
* Include PS module assembly
* Prototyping will continue until 2020-2021, when pre-
series productions will begin

* The installation of the finalized detector is expected In
2025
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