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Outline
* Tracking at CMS
« CMS Pixel Detector

 Phase 2 Upgrade — TEPX
— Performance goals
— Design
— Contributors
— Timeline
— New involvement



CMS Tracking System

g

Silicon pixel and strip detectors
for reconstruction of tracks and
momenta of charged particles
124 million pixels

10 million strips



Tracks

A
v

More than 1000 charged particles per event. All of these need to be
reconstructed with high efficiency and low fake rate



100 pileup events

\
\\
\

7=
—~ " / S 2/'
y 4 7 i~ . —_—— . —
o f e
L 4 y L - /,:/ — = /// =
~ e - //é —— /
- e e — -

s " — A ,_ S S
/ —
= . ’ ( ) ~ =




TraCki ng at C MS Primary vertex reconstruction

Track reconstruction is not -
just about the reconstruction /

of charged particles

Tracks are used in almost
every element of the event

N /
reconstruction — s

Pileup removal

— Leptons
— Particle-flow jets

— Primary vertices

— Pileup removal for jets and
missing energy

— Jet flavor tagging

Jet flavor tagging




Pixel Detectors
» High precision tracking closest to the proton-proton

interaction point allows for:

Track seeding

Reconstruction of primary vertices
Reconstruction of secondary

vertices from heavy flavor and

T lepton decays




CMS Pixel Detector

« Layers built from ladders with sensor modules

6.6cm
416 pixels

Sensor made from silicon
segmented in 66560

active pixels

Pixel size is 100x150 um




CMS Pixel Detector Performance
« Excellent performance during data-taking in Run 1+2
« Resolution <10um in the transverse plane and <25um in the

longitudinal direction

 Hit efficiency >99% for outer barrel layers and forward disks
« Hit efficiency decreases at highest instantaneous luminosity

due to dynamic inefficiencies

CMS Preliminary 2010 \f_ 7 TeV
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LHC/HL-LHC Plan
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CMS Pixel Detector Upgrades

» Upgrades needed to cope with increasing LHC luminosity
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Phase 2 Tracker Upgrade

* Whole CMS tracker will be replaced with new system during LS3
* New tracker divided into: IT (pixels) + OT (strips)
« Extension of |[n| coverage from 2.5 to 4
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Tracker Phase 2 Performance Goals
« Maintain excellent tracking capability of CMS at HL-LHC:

— Increase granularity to cope with dense tracking environment
— Smaller pixels to improve impact parameter resolution
— Increase rate and radiation tolerance

— Increase coverage to extend forward acceptance and mitigate
pileup effects

jet-vertex association
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Beam

CMS Phase 2 Inner Tracker nteraction
olIn
One quarter .

Tracker Patch Panel 0 (PPO)
Connection to services

TFPX
(8 disks)

TEPX
(4 disks)

Innermost region of CMS puts severe
constraints on system design!

Space, services, power, cooling, ...

CMS Tracker Phase 2 TDR
https://cds.cern.ch/record/2272264 14



TEPX System

2 disks (double Dee)
with modules on front
and back side form one
"z position"

Modules arranged in 5
rings on double Dee

Services, power and
cooling lines carried
within slots from/to
modules

50cm

TEPX system
mechanical unit
(1/8 of full system)

Silvan Streuli (PSI)
15



TEPX Disk Layout

PCB which carries
signal and power lines

Modules

Signal cables to
supply tube

Silvan Streuli (PSI) 16



TEPX Disk Layout

Module base plates
for thermal contact
(ceramic + TPG)

Cooling loops

Silvan Streuli (PSI) 17



TEPX Module (2x2, i.e. 4 ROCs per sensor)

Module connector Module clamp
(signal and power)

ROCs RD53 Sensor

Silvan Streuli (PSI)
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Sensor and Readout Chip

* Sensor and readout chip as Occupancy (2 = 2182400

common development of TBPX, &
A

TFPX and TEPX i

100.0
88.9
77.8
66.7
55.6
44.4
33.3
22.2
11.1
0.0

50

— RD53 collaboration (ATLAS+CMS) g
for chip development

150

— Different options for sensor choice Colum
(planar, 3D) being studied http:/rd53.web.cern.ch/rd53/

' s Sensor pixel cell
Sensor pixels DG
—— .

Solder bump

l:'+

Solder bump

Wire bonding
pads

Electronics chip
Single pixel cell

# of hits
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Readout Electronics, Power and Cooling

« High hit rates - large bandwidth for optical links
— CERN development: IpGBT/VL+ @10Gbs
* More pixels, larger area - significant increase in power
consumption
— adoption of serial powering scheme
* Low mass 2-phase CO, cooling system to operate silicon
sensors below -20°C

Tracker PPO

Power e
supplies

Detector




TEPX Contributors

Efforts in Switzerland for Phase 2 starting up (PSI, UZH, ETH)

— Leading institutes in design&construction of current and upgrade
CMS pixel detectors (Phase 0 BPIX, Phase 1 BPIX, Phase 2 TEPX)

— Key competences in readout chip and sensor design, module
design and construction, readout and services, cooling, mechanical
design and installation

Interest from RBI Zagreb to contribute to TEPX module

construction and testing

— Established collaboration

— Knowledge transfer through participation in construction and
commissioning of replacement L1 of Phase 1 BPIX (installation in
2020)

Common developments of components within CMS Phase 2
Tracker

— Readout chip (RD53) and sensors, optical links (IbGBT+)

21



Timeline

2018 2019|2020 12021 | 2022 | 2023 12024 | 2025 | 2026 | 2027

Run 2 LS 2

R&D of

readout chip
sensor

module concept
optical links

serial powering
mechanical design

Run 3 LS 3 HL-LHC

Installation,
commissioning

Production

& operation

module pre-production
module production
production of services
TEPX integration

installation
commissioning

operation 22



Module Production Assembly Steps

Need to produce O(2000) modules
for TEPX D1 cstand | | bare o |
Bare modules (sensors bump bonded \
to readout chips) produced @ IZM Berlin (Gluing of HDI to
Manual and semi-automated (gantry) | bare module |
procedures used for module assembly in 1
the past Wire-bonding
Needed infrastructure and skills: ) | .
— production line for module & clamp gluing Gluing of module
(tools, jigs, alignment) _ clamp )
— Wire-bonding machine with operator p :
— Setup for bare module testing (probe station) Q-L:eai:‘iiggti‘) n{>
— Setup for module testing (test board, cold box, S Z/ if necessary
X-ray box) \‘[ Rework

— Person power manual procedures and testing

Option of having distributed system with

competence centers 23



Module Testing

« Bare-module tests to test
sensors and ROCs right
after bump-bonding

- IV curves, ID/IA, basic
functionality, bump-bonds

* Full module tests and
qualification according to
well-defined procedure —_ prassio

- IV curves ko test stand in
- ROC and pixel functionality | jj Aactea
- Thermal cycling (£30°C)
- High-rate x-ray tests
— Xx-ray calibration

* Module grading,

maintenance of data base,
module storage, logistics,...

Target holder

Mounting plate
T-controlled

A |

24



Involvement of Baltic groups

Room for contributions in module production & qualification
Establish production center that delivers key parts for TEPX

Knowledge transfer from Swiss groups together with existing
experience in tracking detectors of members of Baltic groups
allow to grow expertise in detector design and construction

Building detector hardware and auxiliary tools (mechanical
parts, electronics, software) initiates links with industry

Involvement of students to obtain crucial skills: experience in
hardware and software works, key knowledge useful for
physics data analyses, organization, data base, soft skills

Application of silicon detectors in other fields of research
(space, imaging, light sources) as well as medical applications

- In summary: Contribution that is well visible within CMS
collaboration and allows to strengthen research in Baltics

25



Thank you!
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Tracker Organization in 2018

TK Editorial Board
Chair: K. Klein

TK Management Board
Chair: A. Venturi

TK Finance Board

Chair: M. Dragicevic

Tracker Institution Board
Chair: P. Luukka

Tracker Conference Committee
Chair P. Luukka

Tracker Project Management
PM: A. Venturi

Dep. PM: F. Hartmann

TK Tech. Coord.: N. Bacchetta

Resource Manager: M. Dragicevic

Tracker Project Office

Chair: Andrea Venturi & F. Hartmann

Operation / Commissioning
Pixel Ops & Techn. Field Manager: S. Leontsinis
Strips Ops & Techn. Field Manager: E. Butz

Offline/DPG Coordination
Conveners: G. Boudoul & V.Veszpremi

ICMS Upgrade Management I

Phase 2 Upgrade
Coordinator: D. Abbaneo

Deputy: G. Sguazzoni

[Tracker Upgrade Steering Group
Chair: A. Venturi & D. Abbaneo

|Tracker Upgrade Office Chair D. Abbaneo |

Activities and Working Groups (current and phase 1)
DQM: F. Fiori, J. Andrea
Calib&LocReco/sim: M. Musich (s), E. Chabert (s), T.Susa

Activities and Working Groups
Ops. & comm. Coord.: S. Hasegawa (p) & C. Barth (s)

DAQ/VME+uTCA: NN (s) & B. Akgun (p)
DAQ/Software: A.Vartak (s) & B. Vormwald (p)
[Monitoring: A. de Cosa & J. Sonneveld

DCS (j): NN & NN

DSS (j): A. Tsirou & PG. Verdini

Power (j): A. Kaminskiy & P. Angelo

Cooling/Gas (j): P. Tropea, J. Daguin & A. D'Auria

(p), J.Karancsi (p)
Alignment: H. Roskes & G. Mittag
Tracker Geom and Material: NN

Phase 2 Upgrade Simulations (incl. trigger)
Outer Tracker: NN
Inner Tracker/Pixel: NN

TK POG
Chair: V. Innocente & NN

(s) strips specific, (p) pixel specific, (j) joint systems

Pixel Safety Officer: S. Hasegawa
Strips Safety Officer: C. Barth

Tracking for upgrade:
E. Brondolin (ph2)

Coordinators

Integration and Services: N. Bacchetta, A. Onnela
IT Electronics: J. Christiansen

OT Electronics: F. Vasey

[Quality Manager: A. Honma

OT hybrids & Power: G. Blanchot, K. Klein

OT ASICs: K. Kloukinas, D. Ceresa

OT System Tests: A. Canepa, A, Dierlamm

OT Sensors & MaPSA: A. Dierlamm, M. Dragicevic
OT Modules: U. Heinz, A. Mussgiller

OT mechanics: A. Onnela

IDetector Modelling: S. Mersi |

CERN common projects
IpGBT
DCDC converters

IT Serial powering: G. Sguazzoni

IT ASIC: (RD53: F. Loddo)

IT Sensors: J. Thom, G. Steinbrueck
IT Modules: M. Backhaus

IT Mechanics: J. Alexander, A. Jung

DAQ: S. Mersi
Data Processing: F. Hartmann, P. Wittich

System Development: K. Hahn, M. Pesaresi

as of January 1st, 2018




TEPX mechanical disk

Back
side
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TEPX Disks

« Two disks with modules on front and back form one "z position”

Front Front
I:EE:]

Double-sided sensor

| A‘ module arrangement

Back

Layout A & B share the same number of
sensor modules

— same thermal load on layout A & B

— same number of power/signal cables &
CO, tubes

S. Streuli 30



Phase 1 Pixel Project

« 2012: Phase 1 Pixel TDR
« 2012 — 2015: R&D and prototyping

« 2015 - 2016: Production of all components, Supply Tube
fabrication and assembly, detector assembly, commissioning

« YETS 2016/2017: Installation into CMS
« 2017-2023: Physics data-taking

Upgrade Outer rings
n=0 n=0.5 n=1.0 n=1.5 v
160mm / n=2.0 /
/ n=2.5 P 4 = = S
/ ; | ___Innerrings A Ty, A
— e r / SN 3
29mm ~ - WAL
50-0cm /i' .y“ \,‘. | }" " "
n=2.5 T /
Current —_ e, " Current
n=2.0 T~ Q )
n=0 n=0.5 n=1.0 n=1.5
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2015

2016

2017

Module

production

power board

and testing
(PSI/ETH,
I/FIN/D)

BPIX mechanics

and cooling
(PSI/UZH)

Production
(UZH, RWTH ngner)

Building up the complete system

Readout and

ST mechanics
and coollng (UZH)

Y

Module mounting
(PSI)

BPIX and ST integration
and testing (PsI)

Transport to CERN and checkout

Commissioning at CERN

—  ——————————— G elEle

DAQ &
Online Software

VME mTCA
(testing) (operation)
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Phase 1 FPIX Gantry

Storage (dry
air, ESD safe) \

Dlspenser

\

Syrlnge holder
(encapsulatlon)

,w =

S QRN o= ".'
Cameras for syrlnge calib. =" = ;

— ===
S BBM (16 Iocatlons) f

q illl l\\\

R. Bartek June 14, 2018
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Phase 1 BPIX

* Gluing jigs developed at PSI

* Alignment is key
— 50 um precision required

— Computer program developed o use measurements from CMM to
set micrometric SCrews on jig for allgnment

| - -
Sl g survey microscope

| glue baseplate
A

glue HDI |
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