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The CMS Detector Layout
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The CMS detector
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Strengths for B physics
nn Single Single SolenoidalSolenoidal Magnet @ 4T (3.8T), strong and Magnet @ 4T (3.8T), strong and 

homogeneous B fieldhomogeneous B field
nn HighHigh--precision tracker  precision tracker  –– already aligned with already aligned with cosmicscosmics

corresponding close to “100 pbcorresponding close to “100 pb--11” scenario ” scenario (see A. Gritsan in 
this conference)

nn Hermetic coverage of Hermetic coverage of muonsmuons up to |up to |ηηηηηηηη|<2.4 and down to low |<2.4 and down to low ppTT
nn Redundant Redundant muonmuon trigger with trigger with dimuondimuon trigger threshold at trigger threshold at 

ppTT((µµµµµµµµ)>3 )>3 GeVGeV, complemented by single , complemented by single muonmuon triggers at low triggers at low 
luminosities luminosities –– startstart--up with up with mu_openmu_open
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B Physics prospects 

with ~1 – 10 – 50 pb-1
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Physics @ 10 TeV vs. integrated luminosity
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CMS trigger 2 muons with pCMS trigger 2 muons with pTT>3 GeV.>3 GeV.
Also single muon triggers possible.Also single muon triggers possible.

~Few pb~Few pb--11 physicsphysics
Rec. yield per pbRec. yield per pb--11::
~25 000 J/~25 000 J/ψψψψψψψψ
~6 000 b ~6 000 b ààààààààJ/J/ψψψψψψψψXX
~10 000 ~10 000 ΥΥΥΥΥΥΥΥ

~10 pb~10 pb--11 physicsphysics
Rec. yield per 10 pbRec. yield per 10 pb--11::
~1 750 B~1 750 B++ààààààààJ/J/ψψψψψψψψKK++

~ 900 B~ 900 B00 ààààààààJ/J/ψψψψψψψψKK*0*0

~50 pb~50 pb--11 physicsphysics
b(b) production,...b(b) production,...

From R. Bailey, IOP Oxford From R. Bailey, IOP Oxford 
April 2009 April 2009 
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Few pb-1 measurement example:
J/ψψψψ differential cross-section

nn Already with a very small statistics, we can measure J/Already with a very small statistics, we can measure J/ψψψψψψψψ

production and separate prompt J/production and separate prompt J/ψψψψψψψψ’s from B’s from BààààààààJ/J/ψψψψψψψψXX

nn Check tracker and muon system performanceCheck tracker and muon system performance

nn First measurement of J/First measurement of J/ψψψψψψψψ production at LHC c.m.s. energy production at LHC c.m.s. energy 

and at pand at pTT(J/(J/ψψψψψψψψ)>20 GeV)>20 GeV

nn Simulation study performed with sqrt(s)=14 TeV, Simulation study performed with sqrt(s)=14 TeV, 

integrated L=3 pbintegrated L=3 pb--11 àààààààà rreconstructed yield would econstructed yield would 

correspond to ~75 000 events at sqrt(s)=10 TeV, L=3 pbcorrespond to ~75 000 events at sqrt(s)=10 TeV, L=3 pb--11

nn Trigger: dimuon trigger with pTrigger: dimuon trigger with pTT>3 GeV, |>3 GeV, |ηηηηηηηη|<2.4|<2.4
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nn Inclusive differential crossInclusive differential cross--section section 

measured from a fit to the mass measured from a fit to the mass 

distributiondistribution

nn BB-- and prompt fractions measured from and prompt fractions measured from 

an unbinned maximum likelihood fit to an unbinned maximum likelihood fit to 

the mass and the proper decay lengththe mass and the proper decay length
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σσσσσσσσMM~17 MeV at ~17 MeV at ηηηηηηηη=0=0, , ~40 MeV at ~40 MeV at ||ηηηηηηηη||=2.4=2.4

Proper decay length distributionProper decay length distributionPAS BPH-07-002

Prompt J/ψ

bàJ/ψX

QCD backgr

FittedFitted fractionfraction of of J/J/ψψψψψψψψ’s’s
fromfrom B B decaysdecays

Error dominated by Error dominated by 
systematics from systematics from 
luminosity (10%).luminosity (10%).



10 pb-1 measurement example:
exclusive B production

nn Exclusive B decays BExclusive B decays BààààààààJ/J/ψψψψψψψψKK(*)(*) can be used as one of several early checks can be used as one of several early checks 

on the CMS tracker alignment and overall performanceon the CMS tracker alignment and overall performance

nn WellWell--understood Bunderstood B++ and Band B00 decays will be used later on as control samples decays will be used later on as control samples 

for new measurements (weak phases and CP violation, rare decays, for new measurements (weak phases and CP violation, rare decays, BBcc,…),…)

nn Simulation study performed with sqrt(s)=10 TeV, integrated L=10 pbSimulation study performed with sqrt(s)=10 TeV, integrated L=10 pb--11

nn TriggerTrigger: : dimuondimuon triggertrigger withwith ppTT>3 >3 GeVGeV

nn About 1 750 triggered and fully reconstructed BAbout 1 750 triggered and fully reconstructed B++ àààààààà J/J/ψψψψψψψψKK++ and 900 Band 900 B00 àààààààà

J/J/ψψψψψψψψKK*0*0 (K(K*0 *0 àààààààà KK++ππππππππ--) ) events per 10 pbevents per 10 pb−1−1

nn Proper lifetimes are fitted from a simultaneous fit to the mass distributions Proper lifetimes are fitted from a simultaneous fit to the mass distributions 

and the proper decay lengths for the whole samples with pand the proper decay lengths for the whole samples with pTT(B)>9 GeV(B)>9 GeV

nn Differential crossDifferential cross--sections are then measured by fixing the lifetime and sections are then measured by fixing the lifetime and 

fitting the yields in 7 pfitting the yields in 7 pTT bins by using a simultaneous fit to the mass bins by using a simultaneous fit to the mass 

distribution and the proper decay lengthdistribution and the proper decay length
Paula Eerola 10
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Upper: BUpper: B++ààààààààJ/J/ψψψψψψψψKK++ mass and proper decay lengthmass and proper decay length
Lower: BLower: B00 ààààààààJ/J/ψψψψψψψψKK*0*0 mass and proper decay lengthmass and proper decay length
Both integrated over all pBoth integrated over all pTT

PAS BPH-09-001
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BB bkg
Prompt
BààààJ/ψψψψK*/χχχχcX
Signal

BB Bkg
Prompt
BààààJ/ψψψψK
BààààJ/ψψψψK1/χχχχcX
BsààààJ/ψψψψX
Signal
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Upper: BUpper: B++ààààààààJ/J/ψψψψψψψψKK++ differentialdifferential crosscross
sectionsection
Lower: BLower: B00 ààààààààJ/J/ψψψψψψψψKK*0*0 differential cross differential cross 
sectionsection

Cross section measurements Cross section measurements 
dominated by syst. uncertainty from dominated by syst. uncertainty from 
luminosityluminosity

PAS BPH-09-001
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Expect Expect σσσσσσσσ((ττττττττ++//ττττττττ00) ~ 5% (stat.) with ) ~ 5% (stat.) with 
10 pb10 pb--11 (PDG 1%)(PDG 1%)
Systematic uncertainty ~1%Systematic uncertainty ~1%



50 pb-1 measurement example:
bbbar correlations from J/ψψψψ – µµµµ angular correlation
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∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ ((JJ//ψψψψψψψψ--µ)µ)µ)µ)µ)µ)µ)µ)

nn Angular correlations between the 2 b’s probe the bbbar Angular correlations between the 2 b’s probe the bbbar 

production mechanisms and in particular higher order production mechanisms and in particular higher order 

contributions to bbbar productioncontributions to bbbar production

nn QCD test, tuning of Monte Carlo modelsQCD test, tuning of Monte Carlo models

nn Simulation study performed with sqrt(s)=10 TeV, Simulation study performed with sqrt(s)=10 TeV, 

integrated L=50 pbintegrated L=50 pb--11

nn Look at the Look at the openingopening angleangle ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ betweenbetween the J/the J/ψψψψψψψψ and the and the µµµµµµµµ

nn TriggerTrigger: : dimuondimuon triggertrigger withwith ppTT>3 >3 GeVGeV



nn Fractions of flavour creation, gluon splitting and Fractions of flavour creation, gluon splitting and 

flavour excitation measured from a simultaneous fit to flavour excitation measured from a simultaneous fit to 

the J/the J/ψψψψψψψψ mass distribution, transverse flight length of mass distribution, transverse flight length of 

the J/the J/ψψψψψψψψ and the impact parameter of the (third) and the impact parameter of the (third) µµµµµµµµ
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J/J/ψψψψψψψψ massmass, J/, J/ψψψψψψψψ flightflight lengthlength and and µµµµµµµµ
impactimpact parameterparameter distributionsdistributions



15.7.2009Paula Eerola 15

Differential cross section measurement dDifferential cross section measurement dσσσσσσσσ/d/d∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ
Experimental Experimental ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ∆Φ distribution unfolded (singular value decomposition)distribution unfolded (singular value decomposition)

PAS BPH-08-004

Error dominated by systematics. Total Error dominated by systematics. Total 
systematic uncertainty 13systematic uncertainty 13--17% per bin. 17% per bin. 
Dominant systematic error from Dominant systematic error from 
luminosity (10%).luminosity (10%).



At least:At least:

nn Upsilon productionUpsilon production

nn J/J/ψψψψψψψψ and Upsilon polarizationand Upsilon polarization

nn Other exclusive decaysOther exclusive decays

nn b production crossb production cross--section (several methods)  (section (several methods)  (see talk see talk 

by A. Grelli in this conference)by A. Grelli in this conference)

nn bbbar correlations (several methods)bbbar correlations (several methods)

Other measurements with early data
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nn CMS is an outstanding detector for lowCMS is an outstanding detector for low--ppTT physics: strong physics: strong 

and homogeneous Band homogeneous B--field, efficient set of triggers, precise field, efficient set of triggers, precise 

muon and tracking detectorsmuon and tracking detectors

nn B physics results will be among the first ones CMS will B physics results will be among the first ones CMS will 

publishpublish

nn Already with a very small integrated luminosity Already with a very small integrated luminosity 

(1 (1 –– 10 10 –– 50 pb50 pb--11) large reconstructed samples of quarkonia, ) large reconstructed samples of quarkonia, 

inclusive and exclusive b’sinclusive and exclusive b’s

nn Measurements are important tests and crossMeasurements are important tests and cross--checks for the checks for the 

detector performance and for Monte Carlo’sdetector performance and for Monte Carlo’s

nn First glimpses to properties of B hadrons at LHC energiesFirst glimpses to properties of B hadrons at LHC energies

Summary
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THANK YOU!
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CMS Trigger

nn LevelLevel--1 (L1): custom boards  1 (L1): custom boards  –– 40 MHz 40 MHz àààààààà (50(50--100) kHz100) kHz

n L1 primitives: muons, electrons, calorimeter energies

nn High Level Trigger (HLT): software based  High Level Trigger (HLT): software based  –– (50(50--100) kHz 100) kHz àààààààà 150 Hz150 Hz

n HLT confirms/combines/refines L1 triggers, full reconstruction tracking

nn Trigger menus selected according to the instantaneous luminosityTrigger menus selected according to the instantaneous luminosity

nn B physics relies on muon triggers. Depending on the luminosity, B physics relies on muon triggers. Depending on the luminosity, 

require:require:

n Dimuon: 2 muons with pT>3 GeV

n Single muons: 1 muon with pT>3, 5, 7, 10 GeV (possibly pre-scale low-pT)

n In the very beginning, muon_open (basically no threshold)

n HLT muon objects confirm L1 muons and add Silicon Tracker information 

to improve pT resolution

n Other HLT variables: Displaced dimuon vertex, dimuon mass, opposite 

charge, ...

Paula Eerola 2215.7.2009
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Left: inclusive J/Left: inclusive J/ψ ψ ψ ψ ψ ψ ψ ψ differential differential 
cross sectioncross section
Right: prompt J/Right: prompt J/ψψψψψψψψ differential differential 
cross section cross section 

FittedFitted fractionfraction of of J/J/ψψψψψψψψ’s’s
fromfrom B B decaysdecays

PAS BPH-07-002
Sqrt(s)=14 TeV, 3 pb-1

Error dominated by systematics. Total Error dominated by systematics. Total 
systematic uncertainty 13systematic uncertainty 13--19% per bin. 19% per bin. 
Dominant systematic error from Dominant systematic error from 
luminosity (10%).luminosity (10%).
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Dimuon (pDimuon (pTT>3 GeV) trigger efficiency for J/>3 GeV) trigger efficiency for J/ψψψψψψψψ’s as a function of the J/’s as a function of the J/ψψψψψψψψ ppTT

PAS BPH-08-004
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PAS BPH-09-001
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Upper: invariant mass of main backgrounds for BUpper: invariant mass of main backgrounds for B++ (left) and B(left) and B00 (right)(right)
Lower: proper decay length of main backgrounds for BLower: proper decay length of main backgrounds for B++ (left) and B(left) and B00 (right)(right)

BsààààJ/ψψψψX
B+ààààJ/ψψψψK+

BààààJ/ψψψψK*/χχχχcX
BB background
Prompt

BsààààJ/ψψψψX
B+ààààJ/ψψψψK+

BààààJ/ψψψψK*/χχχχcX
BB background
Prompt

B+ààààJ/ψπψπψπψπ+

BààààJ/ψψψψK*/χχχχcX
BB background
Prompt

B+ààààJ/ψπψπψπψπ+

BààààJ/ψψψψK*/χχχχcX
BB background
Prompt
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PAS BTV-07-003

BB--tagging efficiencies with different alignment scenarios.tagging efficiencies with different alignment scenarios.
CMS has already been aligned with cosmic data with a precision CMS has already been aligned with cosmic data with a precision 
corresponding to close to thecorresponding to close to the100 pb100 pb--11 scenarioscenario
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CMS Physics TDR Vol I (2006)

Muon momentum resolution Muon momentum resolution ∆∆∆∆∆∆∆∆p/pp/p

Muon momentum resolution Muon momentum resolution 
σ(σ(σ(σ(σ(σ(σ(σ(q/pq/pTT) for globally ) for globally 
reconstructed muonsreconstructed muons
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CMS Physics TDR Vol I (2006)

Right: transverse impact parameter resolution Right: transverse impact parameter resolution σ(δσ(δσ(δσ(δσ(δσ(δσ(δσ(δdd00))
Left: longitudinal impact parameter resolution Left: longitudinal impact parameter resolution σσσσσσσσ((δδδδδδδδzz00))
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From A. Grelli in this conferenceFrom A. Grelli in this conference


