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Introduction

Phase-2 tracker upgrade

ÅHL-LHC upgrade: peak luminosities of υ ρπÃÍÓ
ÅReplacement of entire tracker (radiation damage, more pileup)

ÅTracker information for L1 trigger

ÅDesign of PS and 2S modules driven by track trigger concept

Ą two stacked sensor layers for pT information

2S
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Pixel

2 of 13

From The Phase-2 Upgrade of the CMS Tracker: Technical Design Report

https://cds.cern.ch/record/2272264?ln=de


Beam test of 2S module prototypes for the Phase-2 CMS Outer Tracker

BTTB9 | 10.02.2021

Tim Ziemons | ziemons@physik.rwth-aachen.de

Introduction

2S module

Å 2 coplanar strip sensors

Å 2x1016 strips each
Å 90 µm pitch, 2x5 cm long

Å Sensors electrically connected to 

front end hybrids via wire bonds

Å CMS Binary Chips (CBCs) to form 

stubs

Å Communication with backend and 

powering via service hybrid (SEH)

Å 7,680 modules in Phase-2 tracker

Å Production and test of at least 

1,000 of them in Aachen

From The Phase-2 Upgrade of the CMS Tracker: Technical Design Report
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Introduction

Beam test

ÅBeam test in November / December 2019

ÅGoal:
-Test newest generation of 2S module

-Test functionality of CIC chips

-Test functionality of SEH in module readout:

optical readout and powering 

-Test readout of more than one module 

synchronously:

Á 1 module from KIT

Á 1 module from Brown University

Á 2 modules from RWTH Aachen

ÅTest at beam test facility DESY II with 

DATURA telescope (test beam line 21)

ÅContribution from:

CERN, Antwerp, Brussels, Karlsruhe, Aachen, 

DESY, Demokritos, Lyon, Brown
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Beam test telescope

ÅRunning with 4 GeV electron beam

ÅUsed crossed scintillator pair on upstream end of telescope as trigger

ÅMimosa pixel modules used for track reconstruction (576 x 1152 pixels, 18.5 µm pitch)

ÅUsed FEI4 pixel module as time reference detector (80 x 336 pixel matrix, 50 x 250 µm pixel size)

ÅCentral DUT box mounted on xy stage with rotation

ÅDownstream DUT box houses three DUT modules, fixed position

upstreamdownstream
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Beam test telescope

Scintillator

Mimosa (Pixel)

DUTs

FEI4
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Beam test telescope

ÅBoxes designed and manufactured at DESY

ÅLight tight aluminum case

ÅFixation plate with many drill holes for
-Fixation of 2S module on carrier

-Guidance of LV and HV power

-Guidance of optical fibre

-Guidance of dry air tube

ÅMounting socket for fixation on rotation stage
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Telescope alignment and detector resolution

ÅUsed EUTelescope for data conversion and telescope 

alignment

ÅResidual centered around 0

ÅBinary readout and strip pitch of 90 µm

ÅExpect residual distribution to have shape of rectangle 

function convolved with Gauss distribution for 

telescope track uncertainties

ÅFit parameters:

ÅTotal RMS of residual: 31.5 µm

Parameter Top Bottom

W 89.2 ± 0.6 µm 89.0 ± 0.6 µm

ů 16.9 ± 0.3 µm 17.3 ± 0.3 µm 0.15ī 0.1ī 0.05ī 0 0.05 0.1 0.15
Telescope track position x - cluster position x [mm]
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Resolution of Ac M1804 by residual in x

Residual top sensor
Residual bottom sensor

Fit top sensor

Fit bottom sensor
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Efficiency definition

‐
$54ÌÉÎËÅÄÔÏÉÓÏÌÁÔÅÄÔÅÌÅÓÃÏÐÅÔÒÁÃË×ÉÔÈÌÉÎËÔÏ&%)τÈÉÔ

ÉÓÏÌÁÔÅÄÔÅÌÅÓÃÏÐÅÔÒÁÃË×ÉÔÈÌÉÎËÔÏ&%)τÈÉÔ

ÅFEI4 link: cut 200 µm in x and 80 µm in y

ÅIsolation: no other telescope track within 600 µm at FEI4

ÅDUT link: 200 µm cut in x (perpendicular to strip direction)

ÅStub efficiency:
-Cut on events passing hit efficiency criteria

-Comparing number of online stubs from CBC to number of offline stubs reconstructed from clusters

‐
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Uniformity of efficiency

ÅMoved module along x axis (perpendicular to strips) and y axis (along strips) to check uniformity of efficiency

ÅEfficiency well above 99 %

ÅTwo unconnected channels on bottom sensor, efficiency drop in center (y = 0 mm) by ~2%
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Efficiency scan of Ac M1804 along x axis

Top sensor

Bottom sensor
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