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Geneva lake

•Large Hadron Collider
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•CMS

•ATLAS

•LHCb

•ALICE

Located at CERN
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ATLAS/CMS physics goal
1. Search for Higgs boson
2. Search for BSM physics

Large Hadron Collider (LHC)
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2013 Nobel prize

Peter Higgs
I am here
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LHC operation Roadmap
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Phase I Phase II

• Success LHC, upgrade needed for rich physics programs

Radiation damage

Pileup challenge

Event rates capabilityPhysics Budget
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Overview of CMS phase II upgrade
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Tracker� https://cds.cern.ch/record/2272264
• Si-strips and Pixels increased granularity
• Tracking in L1-Trigger
• Coverage extended to |eta|~3.8

Calorimeter Endcap�
https://cds.cern.ch/record/2293646
• Si, Scint+SiPM in Pb-W-SS
• 3D position + precise timing + Energy

Muon system� https://cds.cern.ch/record/2283189
• New FE/BE readout for DT/CSC
• New GEM/RPC 1.4 <|eta|<2.4
• Coverage extended to |eta|~3

Barrel Calorimeter�
https://cds.cern.ch/record/2283187
• New ECAL/HCAL readout

MIP Timing detector�
https://cds.cern.ch/record/2296612
• ~30ps timing resolution
• Barrel: Crystals + SiPMs
• Endcap layer: LG Avalanche Diodes

Trigger/DAQ�
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193
• Tracks in L1
• 40Mà 750k(PF-like)à 7.5k

Beam/Luminosity and common
Infrastructure
https://cds.cern.ch/record/2020886
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Timeline of CMS phase II upgrade
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• LS2 (2019-2020):
§ GE1 and CSC FE for inner endcap disk 1-4
§ Beam pipe/magnet infrastructure

• LS3 (2024-2026): All other projects
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CMS Track upgrades
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CMS Phase II Tracker design
• Radiation: ~2.3*1016 MeV neq/cm2

• 40 MHz input for L1-Trigger
• Increased granularity

• Tilted 3 layers of inner OT

• Extend coverage |eta|<3.8

• Reduced material
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OT

IT

2S:42 M strips in 192 m2

PS:175 M micro-pixels in 25 m2

109 pixels in 4.9 m2

Phase II
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Phase II Silicon tracker sensor
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Sensor R&D
Outer Tracker� N-in-p planar sensor
• 200-240 micron active layer
• Bias ~800 V
• 3 different sensors

• 2S: 10*10 cm2, 2032 strip, AC
read-out by CBC, noise ~1000e

• PS-s:5*10 cm2, 1920 strips, AC
read-out by SSA, noise ~700 e

• PS-p: 5*10 cm2, 30208 macro
pixels, DC readout by MPA,
noise ~175 e

Inner tracker:
• Planar sensors: radiation hardness to

be demonstrated, low signal
• 3D sensors: complex fabrication, high

capacitance

Many R&D efforts still ongoing, Global effort of silicon project at LHC

FBK CNM



22 May, 2018CMS upgrade Huaqiao Zhang @ Marseille

Outer tracker readout
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• Trigger data: 80%
• LpGBT: transfer data and distribute clock/control signal
• Filp-chip bump bonding for FE ASICs

2S module PS module

2032 strips

2032 strips

1920 strips

30720 micro-pixel

• CBC3 available and fully
functional

• MPA/SSA full size chip received
• CIC specs finalized
• lpGBT expect for users in 2018
• DC-DC powering
• Hybrids: new orders
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Inner Tracker readout
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ASIC chip developed
by RD53 collaboration
for both ATLAS and
CMS detectors

Functional overview and detailed layer out of the demonstrator chip

1*2(L) and 2*2(R) modules
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Phase II Tracker performance
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• Tracking efficiency is robust w.r.t. radiation and pileup

Eff. > 97%

Eff. Vs Pt Fake Vs Pt

Layer Vs !

Stub Eff. Vs Pt
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CMS Track upgrades
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The Phase II EndCap Calorimeter Overview
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• New Calorimeter: 3D shower + energy + time

§ Ecal + Hcal

• Ecal (CE-E)

§ 28 layers Si + W/Pb/Cu

§ 25 X0 & ~1.3l

• Hcal (CE-H)

§ 24 layers Si/Scintillator

+ Stainless Steel

§ ~8.5l

• Total Silicon:

§ 600 m2

• Total scintillator

§ 500 m2

• 6 M Channels
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The HGCal design
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Sensors (Hexagon) Module Assembly

TilingStacking

8inch� 1.18cm2�192� / 0.52cm2�432�
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HGCal readout
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B Cooling plate

FE developed from SKIROC

HGCROC V1 is under test
Final version expected in 2019
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HGCal hadronic calor
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Cooling plateCooling plate

Scintillator + SiPM
AHCal like
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HGCal performance from beam test
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E = SF*∑ E7

20ps

Energy resolution Position resolution Timing resolution
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Energy resolution (not-optimal)
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Si (um) stochastic const
300 23/√E % 0.5%
200 25/√E % 0.5%
100 27/√E % 0.5%

Both endcap !, 
no conversion

Charged pionVBF Jets

HGCal only, anti-kt algorithm 
HGCal only, Megacluster

Hà!!

Single photon

Current CMS CE-E�
1.5%(2.2%)

Comparable energy resolution
Lots of potential:

timing, 3D shower, trigger
backpointing, pileup prof.
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• Upgrade electronics only (very robust detector)
§ VFE 20ns peaking time, 160MHz sampling, 30ps resolution@30GeV e/!
§ 40 MHz readout capability

§ FE with 10 GB lpGBT ASIC

• Operate at 9o:

§ mitigate APD aging

Phase II barrel calorimeter overview
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VFE:
• TIA: V0-ASIC concept demonstrated
• CATIA: full features 2018 (TSMC)
• LiTE-DTU: submission Nov. 2018
FE: demonstrator in 2018
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Phase II Muon upgrade overview
• Drift Tube (barrel): 40 MHz readout with improved z/t -precision

• Resistive plate chamber (barrel): readout with improved t-precision
• Cathode Strip chamber (Endcap): ME234/1 readout with higher bandwidth

and latency, replace ME1 with higher radiation hard components

• New stations: GEM1/GEM2; iRPC3/iRPC4, 1.6<|!|<2.4; ME0, 1.15 <|!|<3

21
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Status of muon upgrades
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DT CSC

GEMRPC

Prototyping of board/detector
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Expect improvement from muon upgrade
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DT

CSC

RPC

GEM

Same eff. : Phase II vs now



22 May, 2018CMS upgrade Huaqiao Zhang @ Marseille 24



22 May, 2018CMS upgrade Huaqiao Zhang @ Marseille

Mip Timing Detector overview
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11*11 mm2/cell

1*3 mm2/cell
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R&D of MTD
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Expected improvement with MIP timing detector
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! isolation
Pileup jets

B-tagging
Hà""
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L1-Trigger

• L1-Trigger
§ Tracks in trigger @ 40 MHz
§ >50 Tb/s input
§ 12.5 us latency
§ Accept rate: 500kHz/750 kHz @ 140 PU/200 PU

29

New firmware and new ideas to
handle challenging trigger:
PF @ L1, 3D calor clusters
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DAQ and HLT
• New TCDS high speed serial distribution of precise 

clock and multiple triggers data steam
• Systems interface with DTH ATCA boards
• HLT output at 7.5 kHz, 4.5 MHS06 for 500 kHz (140 

PU) in LS3 plus 4.7 MHS06for 750 kHz (200 PU) 
staged to LS4

30

First ATCA DTH prototype in Q4 2018
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French/Chinese in CMS Phase II upgrade
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Summary

• CMS Phase II upgrades have been approved by LHCC/UCG
and CERN RB recently
§ L1-Trigger, DAQ/HLT and MIP Timing Detector TDRs is coming

• Production MoU expected to be proceed in coming RRB
• Progress being developed

§ Key components such as silicon sensor, gas detectors
§ Electronics such as various FE ASICS, lpGBTs
§ Improvements to detector performance/physics outcome

• France/Chinese collaborate on CMS upgrades

32

48%

29%

7%

5% 5% 3% 3%

Phase II Costs Fraction
Tracker
HGCal
Muon
Barrel Calorimeter
DAQ/HLT
Mip Timing Detector
L1 Trigger
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backup

33
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Silicon sensor radiation tests

34
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Silicon sensor irradiation tests

• Si N-on-P sensor produced by Hamamatsu
• 120, 200, 320 um tested
• Neutron radiation up to 1.6*1016 1MeV n/cm2(120um)
• Beam and Sr90 tests give consistent results

35

Pulse shape after radiation changed marginally

1.6*1016 eqn/cm2

120 μm 200 μm 320 μm
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Out tracker module
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Silicon sensors
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Prototyping HPK 6’’, 300um, 1000V bias8’’ baseline design
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Silicon part Front End readout
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• Requirements (not a full list)
§ Radiation hard (of course)
§ Low noise: <2500e

– Including sensor leakage 
current noise

§ Shape time: <20 ns
– Sensor pulse Shape is 1-

2 ns
§ Dynamic Range 0.2fC -10 pC

– High gain for < 100 fC
– ToT for ~100 fC – 10 pC

§ Low power: ~20 mW/channel
– total ~ 100kW for 6M 

channels
§ <100 ps time resolution per 

cell
§ 36 bunch crossings latency HGCROC1, Submitted July 2017

See details from Christophe de La Taille’s slides
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• 60 ps time resolution è 2 cm position resolution for |Δ!""|<0.8

40


