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NbNb = 1404= 1404 I tot ~ 1.8e+14I tot ~ 1.8e+14 Peak Peak LumiLumi

~ 3.4 e+33~ 3.4 e+33

pbpb--1/day1/day

~ 100 ~ 100 pbpb

A few highlights from the run this year:A few highlights from the run this year:

Peak Instantaneous Luminosity: Peak Instantaneous Luminosity: 3.55*103.55*103333 in fill 2256, Oct. 26, 2011in fill 2256, Oct. 26, 2011

Delivered luminosity in one Fill: 123 pbDelivered luminosity in one Fill: 123 pb--1 1 in fill 2219, Oct. 16, 2011in fill 2219, Oct. 16, 2011

Maximum Luminosity in one Day: Maximum Luminosity in one Day: 136 pb136 pb--11 , Oct. 13, 2011, Oct. 13, 2011

Maximum Luminosity Delivered in one Week: 538 pbMaximum Luminosity Delivered in one Week: 538 pb--11 in week 41in week 41

Maximum Luminosity Delivered in one Month: Maximum Luminosity Delivered in one Month: 1614 pb1614 pb--11 in Octoberin October

The LHC were in stable beams The LHC were in stable beams 1364 hours (55 days) 1364 hours (55 days) this year.this year.



LL > 5 fb> 5 fb--11

CMS  Efficiency ~ 90%CMS  Efficiency ~ 90%



•• The The 2013/14 shutdown 2013/14 shutdown is is 
determined by determined by the the machine machine ��������

experiments experiments –– consolidation &consolidation &
partial detector upgrades possiblepartial detector upgrades possible LHC Phase I: until 2020LHC Phase I: until 2020

LHC Phase II > 2021LHC Phase II > 2021

Shutdown will Shutdown will 

extend far into 2014extend far into 2014

•• The 2018 shutdown The 2018 shutdown is mostly is mostly 
determined determined by the experimentsby the experiments::
�������� Detector upgrades are to be Detector upgrades are to be 

justified by justified by physics physics casecase



SystemSystem 20102010--20202020 20202020--20302030

PixelPixel New Pixel DetectorNew Pixel Detector

TrackerTracker New Tracking System (New Tracking System (inclincl Pixel)Pixel)

20172017

BASED ON THE TECHNICAL PROPOSAL FOR THE UPGRADE OF THE CMS DETECTOR BASED ON THE TECHNICAL PROPOSAL FOR THE UPGRADE OF THE CMS DETECTOR 

THROUGH 2020: https://cmsTHROUGH 2020: https://cms--docdb.cern.ch/cgidocdb.cern.ch/cgi--bin/DocDB/ShowDocument?docid=2717bin/DocDB/ShowDocument?docid=2717

HCALHCAL
HPD replacement with HPD replacement with SiPMSiPM

+ Electronics + Electronics 
HF/HE?HF/HE?

ECALECAL
Trigger Primitives (Off Detector Trigger Primitives (Off Detector 

Electronics) ?Electronics) ?
EE EE 

MuonsMuons
ME4/2, ME1/1 ,RPC ME4/2, ME1/1 ,RPC endcapendcap, , 

some CSC Electronicssome CSC Electronics
Electronics replacementElectronics replacement

TriggerTrigger HCAL/RCT/GCT to HCAL/RCT/GCT to mmTCATCA Complete replacementComplete replacement

20132013

//20172017

20172017

20172017

20132013

J. Nash, LHCC Upgrade Meeting (Updated Slides), 16.11.2010J. Nash, LHCC Upgrade Meeting (Updated Slides), 16.11.2010



•• 2013 Shutdown 2013 Shutdown 

•• Start Start CCompletionompletion ofof Forward Forward MMuonuon SSystemystem (ME 4/2 CSC, RPC)(ME 4/2 CSC, RPC)

•• Install new smaller radius (r=23Install new smaller radius (r=23--25 mm) Be25 mm) Be--beampipebeampipe;;

•• HO (HO (HadronicHadronic Calorimeter Tail Catcher) replacement of HPD with Calorimeter Tail Catcher) replacement of HPD with SSiPMsiPMs

•• HF thinHF thin--windowwindow PMTs & segmentedPMTs & segmented anodes anodes (Forward (Forward HadronHadron Calorimeter: Calorimeter: ηηηηηηηη ~ 3~ 3--5)5)

•• Pixel Luminosity Telescope (diamond) for Pixel Luminosity Telescope (diamond) for luminositluminosity measurementy measurement

•• 20172017 (?)(?) ShutdownShutdown

•• Install Install new new lowlow--mass mass pixel detector (4 barrel layers);pixel detector (4 barrel layers);•• Install Install new new lowlow--mass mass pixel detector (4 barrel layers);pixel detector (4 barrel layers);

•• HB/HE  replacement of HPD with HB/HE  replacement of HPD with SiPMsSiPMs and modified FEE/trigger electronicsand modified FEE/trigger electronics

•• Install new trigger system (calorimeter, Install new trigger system (calorimeter, muonmuon track finder, global trigger)track finder, global trigger)

•• 20212021 (?) (?) ShutdownShutdown

•• Install new Install new ffullull tracker (pixel + strips);tracker (pixel + strips); Tracker in LevelTracker in Level--1 Trigger1 Trigger

•• Major consolidation/replacement of electronics systemsMajor consolidation/replacement of electronics systems

•• Including potentially ECAL electronicsIncluding potentially ECAL electronics

•• ECAL ECAL EndcapsEndcaps (subject of a task force)(subject of a task force)

•• DAQ system upgradeDAQ system upgrade

J. Nash, LHCC Upgrade Meeting (Updated Slides), 16.11.2010J. Nash, LHCC Upgrade Meeting (Updated Slides), 16.11.2010



20112011--20202020



Motivation: maintain high tracking efficiency at luminosities up to 2 * 10Motivation: maintain high tracking efficiency at luminosities up to 2 * 103434

•• New readout chips (ROC) to reduce trigger latency related data lossesNew readout chips (ROC) to reduce trigger latency related data losses

•• Pixel upgrade Pixel upgrade to to 4 hit 4 hit system system significantly improves significantly improves and and robustifiesrobustifies pixelpixel tracktrack

seeding and seeding and vertexingvertexing

•• Reduced and displaced material Reduced and displaced material budget budget significantly improves significantly improves impact parameter impact parameter 

resolution and therefore resolution and therefore vertexingvertexing and and bb--taggingtagging

•• Pixel standalone tracking Pixel standalone tracking crucial in HLT crucial in HLT �������� particularly useful particularly useful for electron and tau triggersfor electron and tau triggers



R. R. HorisbergerHorisberger, LHCC Upgrade Meeting, 16.11.2010, LHCC Upgrade Meeting, 16.11.2010



Impact Parameter of Impact Parameter of CurrentCurrent/Upgraded Pixel System/Upgraded Pixel System

•• Reduced material in tracking volume Reduced material in tracking volume �������� smaller MS;smaller MS;

•• Moving innermost layer closer to the beam pipe;Moving innermost layer closer to the beam pipe;

•• Adding extra layers in BPIX/FPIX Adding extra layers in BPIX/FPIX ��������improved track “lever arm”;improved track “lever arm”;

•• Decreased pixel pitch & improved geometryDecreased pixel pitch & improved geometry

BB--tagging of tagging of CurrentCurrent/Upgraded/Upgraded

Pixel System:Pixel System:

Efficient bEfficient b--tagging crucial to many analysis tagging crucial to many analysis ��������

e.g. 4e.g. 4--b jet channel b jet channel �������� fakefake--rate reductionrate reduction

by factor of 600by factor of 600 or ~2.4x  signal gain or ~2.4x  signal gain 

R. R. HorisbergerHorisberger, LHCC Upgrade Meeting, 16.11.2010, LHCC Upgrade Meeting, 16.11.2010



J. Spalding, LHCC Upgrade Meeting, 16.11.2010J. Spalding, LHCC Upgrade Meeting, 16.11.2010



Problem: hybrid photomultipliers (HPD) are susceptible to discharge at intermediate BProblem: hybrid photomultipliers (HPD) are susceptible to discharge at intermediate B--fields fields 

(~0.2 (~0.2 –– ~3.5 T) ~3.5 T) �������� aabout 15% fail at 3.8T (HB/HE), and bout 15% fail at 3.8T (HB/HE), and about 50% at 0.2-0.3T (HO R1/2)about 50% at 0.2-0.3T (HO R1/2)

•• HO (R1/R2) are not able to operate at nominal gain HO (R1/R2) are not able to operate at nominal gain (and remain a source of spurious noise(and remain a source of spurious noise

when HPD Ewhen HPD E--field is not well aligned with local Bfield is not well aligned with local B--field) field) �������� unable to identify unable to identify muonsmuons, reduced , reduced 

contribution to jet contribution to jet measurementmeasurement

Replace HO (R0/R1/R2) HPD with SiliconReplace HO (R0/R1/R2) HPD with Silicon

PhotoMultipliersPhotoMultipliers ((SiPMSiPM) (new technology to HEP):) (new technology to HEP):

•• SiPMSiPM photon detection efficiencies >2x HPDs andphoton detection efficiencies >2x HPDs and MIPMIP

pedestalpedestal SiPMSiPM::

•• SiPMSiPM photon detection efficiencies >2x HPDs andphoton detection efficiencies >2x HPDs and

gain a factor of 50 to 500 gain a factor of 50 to 500 largerlarger;;

•• SiPMsSiPMs are compact and operate at ~100Vare compact and operate at ~100V

compared to ~10KV for HPDs;compared to ~10KV for HPDs;

•• SiPMsSiPMs are not affected by magnetic fieldsare not affected by magnetic fields

MIPMIP

Key Key SiPMSiPM

R&DR&D

Issues:Issues:



Motivation: Motivation: Replacement of HPD with Replacement of HPD with SiPMsSiPMs to eliminate the sources of anomalous signals to eliminate the sources of anomalous signals 

and to improve the frontand to improve the front--end signalend signal--toto--noise by an order of magnitudenoise by an order of magnitude

J. Spalding, LHCC Upgrade Meeting, 16.11.2010J. Spalding, LHCC Upgrade Meeting, 16.11.2010



J. Spalding, LHCC Upgrade Meeting, 16.11.2010J. Spalding, LHCC Upgrade Meeting, 16.11.2010



Motivation:Motivation: Complete Complete MuonMuon Detector (4Detector (4thth layer) to achieve redundancy for layer) to achieve redundancy for muonmuon trigger ratestrigger rates

3 types: Drift Tubes (DT), Cathode Strip Chambers (CSC), Resistive Plate Chambers (RPC) 3 types: Drift Tubes (DT), Cathode Strip Chambers (CSC), Resistive Plate Chambers (RPC) 

•• CSC: CSC: only part  (ME 4/1) of the 4only part  (ME 4/1) of the 4thth endcapendcap station installed station installed �������� complete 4complete 4thth station (ME 4/2)station (ME 4/2)

•• RPC:RPC: construct  & install the 4construct  & install the 4thth RPC station (RE4)RPC station (RE4)

•• MPGD/GEM (?): MPGD/GEM (?): add redundancy in the region 1.6 < h < 2.4 not covered of the RPCadd redundancy in the region 1.6 < h < 2.4 not covered of the RPC



GEM feasibility studies forGEM feasibility studies for

extension of CMS extension of CMS MuonMuon System:System:

highhigh--eta  (h > 1.6) upgradeeta  (h > 1.6) upgrade

GEM/CMS Collaboration (~20 institutes, 100 people)GEM/CMS Collaboration (~20 institutes, 100 people)

60 cm

TWOTWO--SECTORS TRIPLESECTORS TRIPLE--GEM GEM 

PROTOTYPE FOR PROTOTYPE FOR 

TOTEM T1 UPGRADE TOTEM T1 UPGRADE 

(60x60 cm(60x60 cm22) ) 



RPC Region Rates Hz/cm2   

LHC  (1034 cm2/s)
High 
Luminosity 
LHC 

SLHC ??
(1035cm2/s)?

RB 30 Few 100 kHz

RE 1, 2, 3,4   η < 1.6 30 Few 100 kHz

Expected Charge in 10 0.05 C/cm2 0.15 C/cm2 ~ C/cm2

Personal remark : Personal remark : MPGD can “enter” anytime if particle fluxes in HLMPGD can “enter” anytime if particle fluxes in HL--HLC are higherHLC are higher

that can be tolerated by the current that can be tolerated by the current MuonMuon Detector technologies  (e.g. for RPC < 1 KHz)Detector technologies  (e.g. for RPC < 1 KHz)

Expected Charge in 10 
years

0.05 C/cm2 0.15 C/cm2 ~ C/cm2

RE  1,2,3,4  η > 1.6 500Hz ~ kHz Few kHz Few 10s kHz

Total Expected Charge 
in 10 years

(0.05-1) C/cm2 few C/cm2 Few 10s C/cm2



> 2020> 2020



1010333310103333101032 32 cmcm--22 ss--1 1 101032 32 cmcm--22 ss--1 1 

Motivation for L1 Tracking Trigger: Motivation for L1 Tracking Trigger: 

There is now a consolidated expectation forThere is now a consolidated expectation for

Sustained Operation at Luminosity > 5.4 * 10Sustained Operation at Luminosity > 5.4 * 103434

((nbnb. Luminosity Leveled). Luminosity Leveled)

Baseline is 25ns => PileBaseline is 25ns => Pile--up ~ 100up ~ 100

The need for a Track Trigger has motivated the introduction of new The need for a Track Trigger has motivated the introduction of new 

conceptsconcepts

for Tracking at very high luminositiesfor Tracking at very high luminosities

Pt Module:Pt Module:

Tracking Trigger Task Force

10103535101035351010343410103434

At LH-LHC (Phase II) faces new challenges, in 
particular for both Tracking and Triggering 

At LH-LHC (Phase II) faces new challenges, in 
particular for both Tracking and Triggering 

M. M. ManelliManelli, D. , D. ContardoContardo, CMS Upgrade Week, May 2011, CMS Upgrade Week, May 2011

However, However, 

50ns provides more margin to meet luminosity target50ns provides more margin to meet luminosity target

50ns => Pile50ns => Pile--up ~ 200up ~ 200

=>must make allowance also for this scenario=>must make allowance also for this scenario

Pt Module:Pt Module:

Measure Locally  both track position and directionMeasure Locally  both track position and direction

Local Pt Determination & DiscriminationLocal Pt Determination & Discrimination

A Hierarchical Scheme for Localizing Pattern Recognition & Data A Hierarchical Scheme for Localizing Pattern Recognition & Data 

ReductionReduction







Barrel performance degradationBarrel performance degradation willwill bebe insignificantinsignificant whenwhen comparedcompared toto otherother effects,effects, suchsuch

asas thethe equivalentequivalent noisenoise introducedintroduced intointo thethe energyenergy measurementsmeasurements duedue toto thethe pileuppileup aatt HLHL--LHC.LHC.

CMS CMS TaskforceTaskforce activities have led to a consensus that most of the activities have led to a consensus that most of the elements of forward elements of forward 

calorimetrycalorimetry will require upgradewill require upgrade or replacement > 2020:or replacement > 2020:

•• I. R&D specialized to the best possible electromagnetic resolutionI. R&D specialized to the best possible electromagnetic resolution (select rad. hard crystal (select rad. hard crystal 

to replace PbWO4)to replace PbWO4)

II. R&D specialized to producing a compensating forward calorimeter II. R&D specialized to producing a compensating forward calorimeter ((e.g. equalize e/h 

by using detector layers combining scintillation light emission and detection and Cerenkov light)

•• III Detector R&D to develop radiation hard components for I and IIIII Detector R&D to develop radiation hard components for I and II



SystemSystem 20102010--20202020 20202020--20302030

PixelPixel New Pixel DetectorNew Pixel Detector

TrackerTracker FEDsFEDs?? New Tracking System (New Tracking System (inclincl Pixel)Pixel)

HCALHCAL
HPD replacement with HPD replacement with SiPMSiPM

HF/HE?HF/HE?

20172017

20132013

Future Upgrade MFuture Upgrade Meetings:eetings:

•• CMSCMS UpgradeUpgrade WorkshopsWorkshops�������� 77--1010 NovNov 20112011
HCALHCAL

+ Electronics + Electronics 
HF/HE?HF/HE?

ECALECAL
Trigger Primitives (Off Detector Trigger Primitives (Off Detector 

Electronics) ?Electronics) ?
EE EE 

MuonsMuons
ME4/2, ME1/1 ,RPC ME4/2, ME1/1 ,RPC endcapendcap, , 

some CSC Electronicssome CSC Electronics
Electronics replacementElectronics replacement

TriggerTrigger HCAL/RCT/GCT to HCAL/RCT/GCT to mmTCATCA Complete replacementComplete replacement

20132013

//20172017

20172017

20172017

20132013

•• Upgrade opportunities may “openUpgrade opportunities may “open--up” depending from LHC/CMS Performanceup” depending from LHC/CMS Performance

•• CMSCMS UpgradeUpgrade WorkshopsWorkshops�������� 77--1010 NovNov 20112011

•• HLHL--LHCLHC workshopworkshop�������� 1616--1818 NovNov 20112011

•• LHCLHC ChamonixChamonix 20122012 �������� JanvJanv 20122012


