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The High-Luminosity LHC Upgrade ﬂT

® Proton-proton collisions at Vs = 14 TeV . =
P Vs LHC / HL-LHC Plan o) ),

® Upgrade idea

® Enlarge statistics to search for new e — p— e
physics — R T R o0

® Increase collision rate (v/s already at ., s v ' e "
limit) TR =11 Tl

® High-Luminosity LHC ”*:": N ol

® Increased luminosity ) ExTs e o

® Up to 200 simultaneous interactions : S e ——
per bunch crossing

DEFINITION EXCAVATION BUILDINGS

® Begin of operation in 2027
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The Compact Muon Solenoid Experiment ﬂ(IT

Karlsruhe Institute of Technology

® Sub-detectors arranged in cylindrical layers around beam pipe
® Particle identification through combination of information from all sub-detectors
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Phase-2 Upgrade of the CMS Outer Tracker

& Completely new CMS silicon tracker
® |mproved radiation tolerance
® |Increased granularity
® Reduced material in tracking volume
® CMS Phase-2 Outer Tracker
® = 13000 double-sided modules

®  2S modules: strip-strip sensor
® PS modules: pixel/strip sensor

® Contribution to L1 trigger decision
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pr Modules ﬂ(IT

Karlsruhe Institute of Technology

@ (Cluster: combination of neighboring

strips with hits position
@ Described by position (half strip width
precision) and width LT T ] [ 1]
® Stub: one cluster in each sensor within S .
cluster hit

a predefined correlation window
® Described by seed position and bend
® Bent trajectories of charged particles in
magnetic field

— High pr particles produce stubs correlation layer

£
£
— |dentification of particles with @
pr > 2GeV/c LLLN T T TTVITLT [[LTTTT]]seedayer
e
— Silicon tracker contributes to L1 90 pm
trigger
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2S Modules for the CMS Phase-2 Outer Tracker ﬂ(IT

Karlsruhe Institute of Technology

Service Hybrid 2 Front-end Hybrids
Powering 8 CMS Binary Chips? each
Data transmission ® Binary readout of sensor signals

® |dentification of stubs
1 Concentrator Chip each

Binary readout: Hit recorded if
signal is larger than threshold

Al-CF' Spacer ' -2 2 parallel silicon strip

Spacing between sensors Sensors
Main cooling path Z 2 x 1016 strips each
Mechanical fixation 5cm length, 90 pm pitch

1 Aluminum / carbon fiber composite

2 Prydderch et al., CBC3: a CMS microstrip readout ASIC with logic for track-trigger modules at HL-LHC, CMS-CR-2017-383
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Prototype Modules ﬂ(IT

Karlsruhe Institute of Technology

@ Before production start several prototype modules are assembled
® Prototypes of electronics — outer dimensions of modules differ

® Tests of module functionality in laboratory

8CBC3 prototype module 2S prototype module
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Motivation and Experimental Setup ﬂ(IT

Karlsruhe Institute of Technology

@ Up to three 2S modules mountable
® Studies:

®  Synchrony of module readout
®  Muon signal charge reconstruction
® Muon track reconstruction

e o iﬂ ' =
LW % HV power supply

LV power supply

Scintillator power supply Oscilloscope Reado;’;;z)

s Eeikis

s | ——

Counter

Aluminum box
with hodoscope

Lower scintillator Coincidence unit

Converter
(NIM>TTL)| |Discriminator
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Single Module Measurements - Before Data Taking ﬂ T

Karlsruhe Institute of Technology

® Noise scan: Gaussian distributed noise of each strip
® [ atency scan: Time delay between signal and reading out the signal

® Hits: 93 clock cycles
® Stubs: 10 clock cycles
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Single Module Measurements — Fixed Threshold
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375,000 events at threshold of 555 Vg and —300 V bias voltage
Correlated hits in both sensors — tracks from muons

Integer and half-integer offsets in strips possible

Same cluster size and thus integer offsets preferred
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@ (Cluster size distributed equally in both sensors

® Average cluster size increases with offset in strips

® |nteger offsets: Minimum at 1 (1 hit per cluster)

® Half-integer offsets: Minimum at 1.5 (1 and 2 hits per cluster)

B Lower sensor
I Upper sensor

4 6 8
Cluster size (strips)
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Measurements with Three Modules - Fixed Threshold T

® 945000 events at threshold of 555 Vgt and —300 V bias voltage
® Selection criteria: At least one hit per sensor and fewer than 11 hits per sensor

® Hits in sensors correlated — tracks from muons
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Idea ﬂ(IT

Karlsruhe Institute of Technology

® |n upgraded CMS detector: 2S modules operated at close distances

@ Karlsruhe Ladder Mockup (KALAMO)
® Test influence of module electronics in operation on neighboring modules
® Preparation for integration tests
® 8CBCS3 and 2S prototype modules

Ladder
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Ladder Configuration ﬂ(IT

Karlsruhe Institute of Technology

@ Baseplate

@ Aluminum bars
) Fiber-reinforced plastic bars
(@ Arms to mount modules

® Feet

(® Dry air tube fixation

@ Cable tie fixations

Mounting options
for grounding cables

(© Holes to reach module
fixation screws
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Barrel Configuration ﬂ(IT

Karlsruhe Institute of Technology

(@) Baseplate
@ Ladder frame placed upside down
@ KALAMO carrier
@ cylindrical legs

(® Hole pattern x-direction
(® Hole pattern x- and y-direction
@ Optical fiber fixation
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Noise Measurement ﬂ T

Karlsruhe Institute of Technology

® Three modules installed
® Same noise level of modules as mounted on their carriers
® Room temperature
1,200
KIT 8CBC3_1
1,000 |- { | #=043Vern
’ o =0.40Very
800 - KIT _8CBC3_7 FEO
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=z | | o =0.43Very
| 600 KIT,SCBCI3,5
100 | |—p=648Vern
o =0.39Vern
200 + JJ_LLl a
L A
Noise (Vorn)
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Test Pulse Injection

® Trigger three modules with the same

trigger source (internal test pulses)

Inject test pulses in two of three
modules

Measure hit occupancy in third module

# of hits

Hit occupancy = o tiggers

— Relocate upper module to probe

potential disturbances by excess in hit

occupancy

The High-Luminosity LHC and the CMS Experiment
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Position Scan

Excess in hit occupancy of FE1 top occurred at
some positions

Module placed upside-down: top sensor nearer to
lower modules

Independent of test pulse injection
Moving when changing position of upper module

Ui

Karlsruhe Institute of Technology

Could originate from aluminum bar or DC-DC

KIT 8CBC3.5
-FE1 Top
«FE1 Bottom

>
(5}
converter § 1h
f=]
(5}
— Further investigation with 2S prototype 3 05
-
modules ==
0
0
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Position Scan ﬂ(IT

Karlsruhe Institute of Technology

® Excess in hit occupancy of FE1 top occurred at
some positions

® Module placed upside-down: top sensor nearer to
lower modules

Independent of test pulse injection

Moving when changing position of upper module

Could originate from aluminum bar or DC-DC L2 : KIT-8CBC3-5
& -FE1 Top
converter g «FE1 Bottom
a
El .
. . . . Q
— Further investigation with 2S prototype R R S B
modules =N bt oyl RSO R
0
0 200 400 600 800 1,000
Channel
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Position Scan ﬂ(IT

Karlsruhe Institute of Technology
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Position Scan ﬂ(IT

Karlsruhe Institute of Technology

® | arge rectangle: dimensions of FE1 upper module
® Small rectangle: DC-DC converter shield is closest to upper module sensor

— Further investigation with 2S prototype modules
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Summary and Outlook ﬂ(IT

Karlsruhe Institute of Technology

General idea: Test 2S modules and systems of 2S _
modules in the laboratory ‘
2S muon hodoscope

@ Correlation of hits in different sensors

® Tracks from muons
®  Synchronous module readout

Karlsruhe Ladder Mockup (KALAMO)

® |nvestigating grounding and disturbances with
several modules at close distance

® Measurements with prototype modules performed

® Work leading to presented results showed that
measurements are very sensitive to “good”
grounding connection

® Continue with laboratory and integration tests
during PhD
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Single Module Measurements - Threshold Scan ﬂ(IT

Karlsruhe Institute of Technology

Unit of internal DAC values: VgtH

Varied thres.hold from 290 Verh to P T Simulationc = 156 8- / Ve,
575 VCTH with =300V bias voltage 0.6 Simulation ¢ = 166 e~ / Vcry
—— Simulation c = 176 e~ / Ve
0.5
® recorded 10000 to 20 000 events per 2 — Simulation ¢ = 186 e~ / Ve
threshold %0.4 —— Simulation ¢ = 196 e~ / Vcrn
.. . S Data lower sensor
Data from three most efficient TDC bins o03 Data upper sensor
Integrated simulated seed charge PP
. (S
compared with measured cluster o1
occupancy
# of clusters 0.0 TITPTSVrrTrYT

Cluster occupancy = # of triggers 50 100 150 200 250 300 350 400

® Conversion factor ¢ = 176 e~ /V¢ry fits Pedestal - threshold (V)

best
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Measurements with Three Modules - Before Data Taking

Entries

27/24

® Noise scan: Gaussian distributed noise of each strip
® [atency scan: Time delay between signal and reading out the signal
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® Hits: 93 clock cycles
® Stubs: 24 clock cycles
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Measurements with Three Modules - Fixed Threshold ﬂ(IT

Karlsruhe Institute of Technology

& Alignment for the sensors of the middle module
® Tracking via linear fit to all cluster combinations
® Dip in angular distribution: linked with bright spots in correlation plots?

5001 | | Upper sensor [ Data
— Data 5000
--- Gaussian fit
400 - e 1= 0.667 mm 4000
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= --- Gaussian fit § 3000
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