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What are the key timescales/issues?What are the key timescales/issues?
Phase 1

H ll d d t t t h dl th i i l i it ?How well do detector components handle the increasing luminosity?
Both instantaneous and integrated effects

What detector elements will need replacement/modification to cope?
Detectors will record >500 fb-1, can they withstand this?

Phase 2
What detector elements will need replacement?What detector elements will need replacement?
Is there a requirement for a long shutdown?

How long – 18 Months? (1 Full calendar year without beam +)
Wh f h ddl f h d dWhen – sometime after the middle of the next decade

Developing and building new tracking detectors will take many years

ATLAS and CMS must agree on the dates
N i h i l h dNo sense in having two long shutdowns
Current planning

ATLAS earliest date around 2015, CMS not earlier than 2017

Reach 700 fb-1(potential limit) – most optimistic 2015, conservative 2017Reach 700 fb (potential limit) most optimistic 2015, conservative 2017
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Issues discussed at the CMS May 
Upgrade workshopUpgrade workshop

What are the “strawmen” for upgrades of each of the 
systems?

Define the scope of the upgrade projects
What is done in Phase I/Phase II

What requires a long shutdown?
Wh t / h ld tt t t d b f th l h tdWhat can/should we attempt to do before the long shutdown
How should we use the lengthy shutdown in 2013?

When do we need to prepare a LOIWhen do we need to prepare a LOI
For CMS Upgrades
For subsystemsFor subsystems

When do we need to prepare TDRs
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CMS from LHC to SLHC

103310331032 cm-2 s-1 1032 cm-2 s-1 

1035103510341034

Th t k i th k d t t hi h ill iTh t k i th k d t t hi h ill i
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I. OsborneI. OsborneThe tracker is the key detector which will require 
upgrading for SLHC Phase 2

The tracker is the key detector which will require 
upgrading for SLHC Phase 2



Radiation environment for trackers
Except for the very innermost layers many current Except for the very innermost layers many current p y y y

technologies should survive SLHC
p y y y

technologies should survive SLHC
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CMS Pixel system can be removed in a 
very short time periodvery short time period
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Trial insertion of Pixel systemTrial insertion of Pixel system

Insertion of the Pixel was done in a few
hours

Insertion of the Pixel was done in a few
hours
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Phase I issues for trackingPhase I issues for tracking
Rough estimate of pixel layer lifetimes
4cm layer should survive a minimum of 200fb-1

Will have to replace the pixel detector during phase I
How often?
How much to replace?
New features

Looking at reducing the material in the replacement pixel 
d d ll dd f h ldetector, and potentially adding a fourth layer
Outer tracker looks robust to survive Phase I
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BPIX Options for 2013 replacement/upgrade – R. Horisberger
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CMS What stays what goes phase 2CMS - What stays, what goes phase 2

Much of CMS is well shielded and
Built to last through SLHC
Much of CMS is well shielded and
Built to last through SLHC

J. Nash - CMS Ugrades1 July 2008



Reminder what CMS will need to upgradeReminder what CMS will need to upgrade

This will stay!This will stay!

Barrel crystal calorimterBarrel crystal calorimter
HCALHCAL
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Tracker Readied for Transport to Pt5Tracker Readied for Transport to Pt5
This will be replacedThis will be replaced
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Key issues for tracker upgradesKey issues for tracker upgrades
Power

How to get current needed to the electronicsHow to get current needed to the electronics
More complicated front ends, more channels may want more power

DC-DC converters, Serial powering 

M i l B dMaterial Budget
Can we build a better/lighter tracker?
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The effect on physics of large pile upThe effect on physics of large pile-up 
We need to evaluate how well we can extract any physics 
at all in the presence of up to 400 pile-up events per 
crossing
This is not a trivial study

Technically difficult
Also depends on geometry of a new tracking device
Timescale for full answers is more like years than months

CMS Tracker simulation group has been hard at work 
creating tools for modeling new tracker designs

Expect detailed simulation results from “strawman” designs in 
the coming year
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Tracking with 500 min Bias events

Study of current CMS tracker for Heavy Ion events
Track density very similar to 50ns running 

dnch/dη/crossing ≈ 3000

Inner layers of 
strips reach 30% 
occupancy on 

Inner layers of 
strips reach 30% 
occupancy on 

dnch/dη/crossing ≈ 3000 
Tracker occupancy very high
Need more pixel layers/shorter strips

Tracking possible

every xing!every xing!

Tracking possible
When tracks are found they are well measured
Efficiency and fake rate suffer
CPU Intensive

Momentum 
Resolution

Transverse Impact 
Parameter 
Resolution

Pixel layersPixel layers

nhit > 
12

• Efficiency
Fake Rate

Resolution

o Fake Rate
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Level 1 Trigger Level 1 Trigger has 
no discrimination 
for P > 20 GeV/c

Level 1 Trigger has 
no discrimination 
for P > 20 GeV/c

The trigger/daq system of CMS will 
require an upgrade to cope with 

for PT > ~ 20 GeV/cfor PT > ~ 20 GeV/c

the higher occupancies and data 
rates at SLHC
One of the key issues for CMS is 
th i t t i l dthe requirement to include some 
element of tracking in the Level 1 
Trigger

One example:There may not beOne example: There may not be 
enough rejection power using the 
muon and calorimeter triggers to 
handle the higher luminosity 
conditions at SLHCconditions at SLHC

Adding tracking information at Level 1 
gives the ability to adjust PT thresholds

Single electron trigger rate also 
suffers

Isolation criteria are insufficient to 

1 July 2008J. Nash - CMS Ugrades17

ff
reduce rate at L = 1035 cm-2.s-1



Concepts:Tracking Trigger

High momentum 
tracks are straighter 
so pixels line up

High momentum 
tracks are straighter 
so pixels line up

γ

Search
Window

Pairs of stacked 
layers can give a PT
measurement

Pairs of stacked 
layers can give a PT
measurement

Why not use the inner tracking devices in the trigger?
Geometrical pT-cut - J. Jones, A. Rose, C. Foudas LECC 2005

y g gg
Number of hits in tracking devices on each trigger is enormous
Impossible to get all the data out in order to form a trigger inside
How to correlate information internally in order to form segments?

Topic requiring substantial R&D
“Stacked” layers which can measure pT of track segments locally

Two layers about 1mm apart that could communicate
Cl t idth l b h dl
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Cluster width may also be a handle



Endcap CSC Muon Phase 1 Upgrade 
(ME4/2)( / )

R-Z cross-section

“Empty” YE3 ready for ME4/2
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Phase 1 : Muons ME4/2 upgrade 
motivationmotivation

Compare 3/4 vs. 2/3 stations:
(Triggering on n out of n stations is inefficient and uncertain)

Recent simulation with & without the ME4/2 upgrade:
The high-luminosity Level 1 trigger threshold is reduced from 48 18 GeV/c

Target RateTarget Rate 
5 kHz

Rick Wilkinson, Ingo Bloch
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The start up RPC endcap systemThe start up RPC endcap system

RE RE RE RE RE  RE RE RE  RE RE RE RE
1/1 1/2 1/3 2/1 2/2 2/3 3/1 3/2 3/3 4/1 4/2 4/3

No. of chambers 36*2 36*2 36*2 18*2 36*2 36*2 18*2 36*2 36*2 18*2 36*2 36*2

RE i/3

Three stations up to  η = 1.6Three stations up to  η = 1.6 REi/2REi/1

SLHC workshop, CERN,  May 2008                       G. Iaselli on behalf of CMS RPC SLHC workshop, CERN,  May 2008                       G. Iaselli on behalf of CMS RPC 
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RPC trigger efficiencyRPC trigger efficiency

Trigger CMS TDR, four stations Importance of high η restorationImportance of high η restorationgg Importance  of  high η restorationImportance  of  high η restoration

CMSSW 1.7.5,  three stations

Importance of four stations restorationImportance of four stations restoration

SLHC workshop, CERN,  May 2008                       G. Iaselli on behalf of CMS RPC SLHC workshop, CERN,  May 2008                       G. Iaselli on behalf of CMS RPC 
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CMS HCALsCMS HCALs
Had Barrel: HB

Had Endcaps:HEp

Had Forward: HF

HB

HO

HB

HE
HF
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HF DamageHF Damage
Tower 1 loses 60% of 

light during LHC, down to 
4% of original after SLHC.

Tower 2 down to 23%Tower 2 down to 23% 
after SLHC. 

SLHC “kills” a few high 
t teta towers.
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Calorimeters/Muons Phase 2Calorimeters/Muons Phase 2
ECAL

Crystal calorimeter electronics designed to operate 
in SLHC conditions
VPT in Endcap and Endcap crystals themselves may 
darken at SLHC

Very difficult to replace – Highly activated
HCAL

HF b bl k d b i l h hHF may be blocked by potential changes to the 
interaction region
HF/HE vital in looking for WW scattering

Both Calorimeters suffer degraded resolution at SLHC
ff t l t ID J t l tiaffects electron ID, Jet resolutions –

simulations needed 

Increased segmentation for HCAL may help – SiPM

• MUONMUON
– system front end electronics look fairly robust at SLHC

• Cathode Strip Chambers/RPC Forward : Drift Tubes /RPC Barrel

• Trigger electronics for the muon systems would most likely need to be replaced/updated
– Some Electronics is “less” radiation hard  (FPGA)
– Coping with higher rate/different bunch crossing frequency
– May have to limit coverage in η (η > 2) due to radiation splash
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• This effect will be known better after first data taking, potential additional cost of 

chamber replacement



Upgrade ScopeUpgrade Scope
System Phase 1 Phase 2

Pixel New Pixel Detector 
(1 or 2 iterations?)

Tracker FEDs? New Tracking System (incl Pixel)

HCAL Electronics + PD replacement HF/HE?

ECAL TP (Off Detector Electronics) ? EE?

Muons ME4/2, ME1/1 ,RPC endcap, Minicrate
CSC El Electronics replacementMuons spares, some CSC Electronics Electronics replacement

Trigger HCAL/RCT/GCT to μTCA Complete replacement
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Documents

Phase I 
U d

Concept LOI/TP TDR
Upgrades

• mid 
2008

• mid 
2009

• Early 
2010

Phase 2 

Strawman

• Mid 

TP/LOI

• Mid 

TDR

• 2012

Upgrades 2009 2010
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Next StepsNext Steps
Produce an Integrated project plan for Phase I

Large number of systems expect to produce upgrades many of 
which involved interleaved installation issues
S f h l d h d d d d bSome of these are already rather advanced and need to be 
integrated into the planning

D fi ti l / f i f h dDefine timescales/scopes for reviews of each upgrade
PDR > ESR/EDR > PRR?

R il /d li bl d l l fRequest milestones/deliverables down to level … for 
each project

TDR > P d ti > I t ll ti >TDR > Production > Installation >
Start to track these milestones

Will require resourcesWill require resources
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Planning for Phase 2Planning for Phase 2
Too early for detailed planning of phase 2 upgrades
Must understand the overall scope of the upgrade

This is driven by the geometry/functionality of the new tracker
Simulations will be vital in understanding

Tracker TP should focus the direction of upgrades in other 
systems which may depend on tracker functionalitysystems which may depend on tracker functionality

For example the inclusion of tracking information in the trigger

Build a detailed plan by the time of the phase 2 TDRsBuild a detailed plan by the time of the phase 2 TDRs
Will also have a much clearer idea of the machine timescales

However a key issue which may come up earlier than this isHowever a key issue which may come up earlier than this is 
the date of the long shutdown
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CMS Upgrade ManagementCMS Upgrade Management
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CMS R/D ProposalsCMS R/D Proposals
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CMS R/D (page 2)CMS R/D (page 2)

1 July 2008J. Nash - CMS Ugrades32



ConclusionsConclusions
CMS is progressing on defining the scope of phase 1 and 
phase 2 upgrades
A substantial program of R&D is well underway
The coming years will see development of detailed 
project plans for the upgrades
Need to work with the LHCC to understand the 
transition from phase 1 to phase 2
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