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 Introduction

 W & Z selection (μ/e channel)

 W/Z+jets selection (μ/e channel)

 Using (Z→μμ)+jet for jet calibration

 Summary 



CMS detector

Muons: tracker + muon chambers
Electrons: Tracker + Electromagnetic Calorimeter
Missing Transverse Energy : EM+Hadronic 
Calorimeter + Tracker+Muon system
Jets: EM+Hadronic Calorimeter / Tracker only / 
Particle Flow Objects(Tracker+Calorimeter)
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Why W /Z + jets
Direct production of electroweak gauge bosons (W+- and Z) in association with jets are important hard processes, that can be used for:

C ritical tests of perturbative quantum chromodynamic (Q C D)
The NLO cross sections have been calculated only up to W/Z+2jets. Predictions for the higher jet multiplicity final states are accessible 

through matrix element (+parton shower) computations and in fact can be considered as a prime testing ground for the accuracy of 

such predictions as well as for measurements of !S.

Jet energy calibrations
The jet energy scale systematic uncertainty can be reduced using Z + jet events. Z boson momentum is balanced by one jet of hard

subprocess allowing the determination of the momentum of the balanced parton. The cross section is smaller than other calibration 

samples, but the kinematics of the Z boson can be reconstructed very precisely. This approach depends on the calibration of the tracker 

(Z->"") or additionally on the calibration of the ECAL (Z->ee) which will be acceptable after calibration with first data.

Background for many new particle searches
At the LHC W/Z+jets processes have high cross sections, with respect e.g. to the Tevatron, and thus constitute the dominant 

background for a variety of new physics signatures (Higgs, Supersymmetry, ...), besides being a background for SM measurements.

The W+Njets channel can also be a discovery channel for new physics. Any production of new heavy particles with quantum numbers 

conserved by the strong interaction and EWK couplings is likely to contribute to signatures with one or more EWK gauge bosons; 

additional jets will always be present at some level from initial-state radiation, and may also be created in cascade decays of new heavy 

particles of from the decay of associated heavy particles.

W and Z measurements will be among the first results from CMS. The detector will be imperfectly understood and the analyses are 

designed to be insensitive to this. Data-driven methods are used where possible, rather than relying on Monte Carlo.

Precise measurements of the W + N jets and Z + N jets channels provide a broad search in a number of possible signatures of physics 

beyond the SM.
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What can be done with 10/100 pb-1

With 10pb-1, about 2600 (570) W+1jet (2jets) and 350 (60) Z+1jet (2jets) events are expected to be available after selections. This will

allow to measure the ratio of !(W+Njets)/!(Z+Njets) with 1 and possibly 2 jets.

The use of jets reconstructed with tracker tracks is under study and is expected to be more robust at startup and to allow the collection 

of a higher statistic.

With 100pb-1 and with improvements in the calibrations of the detector, measurements of the ratio of up to 4 jets and the direct 

measurement of the cross sections of W+jets and Z+jets are expected.

Comparisons with the Monte Carlos will be carried on to assess their predictive capacity especially in the low PT shapes of the jet 

energy distributions. These are the most problematic regions and in the long term, once NLO effects are understood, and low PT

shapes well reproduced, systematics can be assigned according to NLO vs NNLO comparisons.

Especially crucial will be the reduction of the top background in the W+>2 jets channels. The ttbar contribution to W+jets events is 

accentuated at the LHC, since the ttbar production rate increases by about a factor of 100 from the Tevatron to the LHC, while W and 

Z production increase by just a factor of 5. Strategies based on jet characteristics are being developed and tested on the Monte Carlo 

simulations.

Event selection at C MS

Trigger
! standard single electron and single muon triggers for the W+jets

! standard double electron and double muon triggers for Z+jets

Offline selection
! Identified leptons with a minimum required transverse momentum are checked for both calorimetric and tracker isolation. This 

requirement is essential in reducing the huge QCD background. The lepton selection strategy is optimized by studying the faked 

lepton rate from a very large QCD sample.

!Above selection cuts combined with jet ET , ET
miss and transverse mass (MT) cuts are able to achieve a suppression factor of 108 for 

the QCD events, which leads to negligible contribution from QCD events (roughly two orders of magnitude lower than the signal) to 

the cross section measurement and kinematic distributions of physics observables.

! For W identification, a combination of an ET
miss cut and a constraint on the transverse mass of the lepton- ET

miss system are used. The 

ET
miss is corrected for both muons and jet energy corrections. Cutting on the ET

miss helps to improve the MT resolution and thus the 

efficiency of the mass window cut.

! For Z identification a tight cut on the reconstructed mass from the two opposite sign leptons is used. Since any ET
miss in this events 

comes from instrumental effects ET
miss is required to be small taking into account the expected resolution. This helps in the reduction 

of      background events that have a longer tail in the ET
miss distribution. ET

miss is only corrected for muon effects, since jet energy 

corrections are found to reduce its resolution in this case.

! Jet energy corrections are very important in this kind of analysis. Z+jets events provide the possibility to use reconstructed Z boson 

momentum to calibrate the jet energy. The same calibration constant set can be used for W+jets, because W+jets and Z+jets have 

similar jet ET distributions due to the physics correlation between the two processes. Jet number in the event are counted after jet 

energy corrections have been applied and a minimum jet transverse energy of about 50 GeV is required.

After all these selections the effective cross sections are found:

The effective cross section corresponds to 
the generated cross section of a physics 
process with the overall acceptance factor, 
which includes detector tr igger efficiency 
and offline selection efficiency.

Expected effective cross section for W+jets and Z+jets as a function of jet number

If a sizeable contribution from BSM physics is present at high jet multiplicities, tuning the Monte Carlo against the data would result 

in a wrong estimate of the actual SM component.

One way to check early on whether the W+jets sample at the LHC is in agreement with SM predictions is to examine the 

#(W+Njets)/#(Z+Njets) ratio versus N. In the W/Z ratio, the various QCD and PDF uncertainties are greatly reduced. Most BSM 

signals can produce deviations in the measured ratio either by decaying into actual Z or W bosons or by having a high ET
miss signature.

On the other hand, the rate for Z->$$%&'() production should occur at six times the Z->l+l-+jets rate, so this process gives a good 

estimate of one of the most important backgrounds to the SUSY jets + ET
miss channel.
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Conclusions

Among the first measurements that will be carried out at the LHC by the CMS detector there will be the measurement of the ratio of 

the W+jets and Z+jets cross sections versus the jet multiplicity. This observable is much less affected by systematic uncertainties than 

the direct cross section measurements.

With the first 10pb-1 the ratio of up to W/Z+2 jets is expected to be measured.

With the first 100pb-1 the ratio of up to W/Z + 4jets and also direct measurements of the individual cross sections will be carried out.

Detailed studies of techniques for background subtraction and selection efficiency improvement are ongoing. 

Monte Carlo generators predictions (both LO and NLO) will be compared to the data with special attention to the low PT shape of the 

jet energy distributions.
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What to measure at startup

W/Z+Njets must be measured with great accuracy to allow precision measurements and increase the search sensitivity. Direct 

measurements of the production cross sections of W + N jets and Z + N jets signatures suffer from inherent theoretical and 

experimental uncertainties associated with the definition and measurement (and hence counting) of jets. Ratios will allow for partial 

cancellation of systematic uncertainties.

Among the dominant experimental uncertainties are:

! the energy response of the detector to a jet ('energy scale') 

! additional energy contributions from the underlying event 

! backgrounds from misidentified non-electroweak events 

! jet eta resolution 

!detector acceptance

These effects and others can change the number of jets measured in a given event.

At the LHC the jet energy scale will be even more problematic than at the Tevatron, especially at the startup. Also, the statistical 

uncertainty will quickly become smaller than the systematic one. 

Uncertainties in the theoretical SM predictions are dominated by the choice of Q2 scale, the parton distribution function (p.d.f.), 

initial/final state radiation (ISR/FSR), and the non-perturbative evolution of partons into on-shell particles that would then be detected. 

All of these effects combined mean that the measurement of a specific N-jet exclusive channel such as W + 4 jets will be completely 

dominated by systematic uncertainties.

By considering the ratio

most of the uncertainties will cancel (at first order)[4]:

! The largest uncertainty is from the jet energy scale. This uncertainty will cancel in the ratio of W+jets and Z+jets events to the extent 

that the spectra in Et, the rapidity distribution and the composition (e.g. quark versus gluon) of the jets in the two processes are the 

same. Dedicated studies [4] show that the jet energy scale uncertainty can be reduced by one order of magnitude using the ratio. The 

same considerations apply to the jet eta resolution. 

! The second largest uncertainty is expected to come from underlying event contribution to jet energies. This contribution can promote 

a low energy jet above the jet-counting threshold in Et and thus change the jet multiplicity of the event. 

Studies of the underlying event in jet events [5] show that the differences in W and Z production are a small portion of the total. 

However, the energy per tower contributed by the underlying event, and hence the effect on 'promotion' of jets, can be directly 

measured in W + N jets and Z + N jets events. We can assume that this uncertainty will be negligible in the ratio. 

! Contributions from multiple interactions should cancel identically in the ratio, since they are uncorrelated with the hard scattering. 

! Taking the ratio of the cross sections of same multiplicity W+jets and Z+jets events also minimizes the systematic errors due to the 

theoretical uncertainties from p.d.f.s and Q2 scale choice.
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Theoretical predictions[1][2]

W+1jet
At the LHC the dominant mechanisms for W boson production in association with 1 jet are                   and ,              with the first 

one being the most frequent.

In the                     channel the W is produced abundantly in the forward rapidity region and the physical mechanism is the difference 

in the shape of the *T<TLTa) of the incoming partons. The gluon distribution function is very steep and prefers fractions of the proton 

momentum as low as possible. The valence quark instead has a distribution that allows to increase the fraction without paying a high 

price.

The same considerations apply also in the case of                   since the    is a sea quark.

If the W is produced with high rapidity usually the jet is produced in the same hemisphere as the W or centrally. This keeps the fraction 

of the proton momentum from the gluon or the antiquark small without substantially increasing the fraction from the valence quark. 

Whether the jet is produced in the central region or in the same hemisphere as the W depends on the detailed shape of the p.d.f. and 

should be checked against the data.

If the jet is produced in the opposite hemisphere as the W, the rapidity interval between the two is large. However, this case is strongly 

suppressed at LO, since its parton subprocesses can only have quark exchange in the crossed channel, and thus the related production 

rate falls off with the parton center-of-mass energy. Thus this configuration is dynamically disfavored.

W+2jets
The four main subrocesses contributing at LO are                    ,

,                    ,                    . The latest is the

dominant process at the LHC. The                     channel is perfectly

symmetric and the W and the two jets are produced mostly in the

central rapidity region. For the                     channel, similar considerations

as for the W+1jet apply. Due to the p.d.f.s the W boson is produced

preferentially in the forward region, with the additional jet favoring

even more this configuration. Ultimately, if the two jets are balanced,

the transverse mass is simply equal to the W mass. One of the jets is

always linked to the W boson via a quark propagator as in W+1jet

production, so it tends to follow the W in rapidity. Thanks to the gluon

exchanged in the crossed channel, the second jet can be easily separated

in rapidity from the W boson.

In                                   the kinematical mechanism is the same as in

since the antiquark is a sea quark, however only                   

can have a gluon exchanged in the crossed channel.

channel is peculiar, since both partons are valence quarks

and it can only have gluon exchange in the crossed channel. To make one x large it tends to have the W and one jet slightly forward in 

rapidity, while to make the other x large it has the second jet well forward and opposite in rapidity.

W+>2jets
There is not direct NLO computation of the cross section in this case. Monte Carlo programs able to simulate this events at LO have 

been developed and they have proven to be consistent with Tevatron data[3]. In particular, the LO predictions and simulation of higher 

order effects via parton shower generators are already sufficient to describe the data. It is one of the tasks of the LHC experiments to 

check whether the same still holds true or if NLO or if NNLO approaches are needed. 

Z+Njets
This channel is not expected to differ much from what described for  W+jets.

At the Tevatron the dominant process for production of Z+jets is                          where both partons are valence quarks. At the LHC 

the dominant process is the same, but the antiquark comes now from the sea. This means that regions with much smaller x of the p.d.f.s

will be explored with Z+Njets events at the LHC. Most of the considerations done for W+jets are expected to apply also for Z+jets.
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Physics potential with W/Z+jets
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However the individual x-section measurements @ startup will be affected by 
large systematic uncertainties growing rapidly by jet multiplicity

Direct production of W/Z in association with jets have 
large cross section at LHC and is relevant to  many 
interesting topologies:

 Tests of perturbative QCD: calculations @ NLO 
available only up to W/Z+2jets. Predictions for the higher jet 
multiplicities accessible through ME+Parton Shower 
computations and can be considered as a prime testing 
ground for the accuracy of such predictions   

 W/Z+NJets forms a relevant background to 
many interesting phenomena including new 
physics : decay of squarks and gluinos in SUSY have 
same signature as W/Z+Jets (e.g MET+Jets)

 Z + jet events can be used to calibrate jets 
measured in the calorimeter: pT balance between Z 
and jet



Physics potential with W/Z+jets

 ICPP, Istanbul,  28 October 2008                                 1/4                                 Didar Dobur,   INFN-Pisa

σ(W/Z + (N + 1)Jets)
σ(W/Z + NJets)

∼ αs
σ(W/Z(µν) + Njets)
σ(W/Z(τν) + Njets)

= 1

 Precision Measurements of SM parameters

          Direct measurement of αS                                           Lepton universality, 
                                                                                        new physics evidence if deviations from 1

➠Studies on measurement of Ratio as a function of Jet multiplicity & boson pT are 
not yet public but underway 

• Multiple Interactions
• Luminosity 
• Detector acceptance and efficiency: partially 
• Q2, PDFs systematics also minimized

 Measuring the x-sect ratio                                    allows to cancel out some of the most 
relevant sources of systematics:

• Jet Energy Scale
• Jet algorithm and algorithm parameters
• Underlying event
• ISR

R =
σ(W + Njets)
σ(Z + Njets)



γ*/Z→µ+µ-(e+e-) selection

 Single Isolated electron HLT
 2 high ET electrons (ET>20 GeV, |η|<2.5)
 Track Isolated:  Σ(PT/PT

e)2<0.02, PT>1.5 GeV, ΔR<0.6
 Electron Id: H/E, Δη, Δφ, σηη
  70 GeV  < Μe,e < 110 GeV

 Single Muon HLT
 2 high PT muons (PT>20 GeV) within |η|<2
 Opposite charge sign
 Track Isolated: ΣPT<3 GeV in ΔR<0.3 around muon
 Mµ,µ > 40 GeV 

γ*/Z→µ+µ-

γ*/Z→e+e-
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✓Current selections provide a pure sample of γ*/Ζ→e+e-,µ+µ- events.

✓Assuming NLO cross sections at 14 TeV and 10pb-1 of integrated luminosity
~4.6K e+e-  pairs in the 70<Me,e<110 mass region 
~5.5K µ+µ- pairs in the 70<Mµ,µ<140 mass region. 
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✓Data driven methods (Tag & Probe using known properties of Z) to evaluate the 
Selection, Reconstruction & Trigger efficiencies are developed

γ*/Z→µ+µ-(e+e-) selection



W→µ(e)ν selection

 Single Isolated electron HLT
 A high ET electron (ET>30 GeV) within |η|<2.5
 Isolated: no tracks with PT>1.5 GeV in a cone of ΔR<0.6 around the electron.
 Electron Id: H/E, Δη, Δφ, σηη
 Reject events with a 2nd electron having ET>20 GeV.

 Single muon HLT
 A high PT muon (PT>25 GeV) within |η|<2
 Track Isolated: ΣPT/PT

µ < 0.09, ΔR<0.3
 MT > 50 GeV
 Reject events with more than 3 jets with ET > 40 GeV
 Reject events with acoplanarity ζ < 1rad (ζ= 180 – Δφ) defined 

between µ & MET.
 Reject events with 2 PT>20 GeV muons.

W→µ±ν

W→e±ν
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✓QCD is the major background in both final states and methods to estimate it from data 
are developed, while EWK background estimation will be based on MC 

✓Assuming cross sections at 14 TeV and 10pb-1 of   ∫Ldt  we expect: 
~28K W→eν events and ~  6K QCD events 
~64K W→µν events and ~16K QCD events  
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W→µ(e)ν selection



Z+≥1Jet Z+≥2Jet

Z+≥3Jet Z+≥4Jet

Z pT distributions for signal and backgrounds
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Event selection
๏ double electron/double muon triggers
๏ two isolated lepton with pT(µ/e) >20 GeV
๏ opposite charged e/µ
๏ tight Mee/Mµµ cut around Z mass
๏ Jets are reconstructed with IterativeCone 
algorithm using energy deposited in the 
calorimeter. Jet energy calibrations using      
γ+jet events

๏ ET
miss is required to be small taking into 

account the expected resolution. 
๏ Events with at least one jet  with ET> 50 
GeV are counted.

Inclusive Z→µµ(ee)+jets selection

Background from QCD events are not shown (found to be negligible), recent studies show  larger 
contamination from QCD

4.2 Data Driven Corrections 7
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Figure 7: Left) The jet response from Z + jet balance with statistical uncertainties anticipated
for 100 pb−1. Right) The jet correction from Z + jet balance, from MC truth for QCD dijets, and
the ratio of the two corrections.

the data-driven corrections to the highest and lowest pT regions where in-situ calibration sam-
ples are not available. The result of these steps is the data-driven absolute correction for pT
dependence.

With 100 pb−1 of data we expect to be able to use top quark events for data driven correc-
tions [9]. The W mass constraint can give the jet energy correction for light and charm quarks
in the rough interval 20 < pT < 130 GeV, and the t quark mass constraint can then give the jet
energy correction for b quarks in a similar pT interval. These corrections will then be used as a
further constraint on the absolute correction for pT dependence.



W+≥1Jet W+≥2Jet

W+≥3Jet W+≥4Jet

Background processes are simulated with PYTHIA which is known not to produce high jet multiplicities 
realistically. Studies using more appropriate background simulation (i.e. using ALPGEN) are ongoing

W pT distributions for signal and backgrounds
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Event Selection
๏ single electron/single muon triggers 

๏ tight isolation criteria, both Tracker & 
Calorimeter 

๏ pT(µ/e) >30 GeV and only one such 
isolated lepton   

๏ Jets are reconstructed with IterativeCone 
algorithm using energy deposited in the 
calorimeter. Jet energy calibrations using     
γ+jet events.

๏ ET
miss is corrected for both muons and jet 

energy corrections. ET
miss >45 GeV

๏ Events with at least one jet  with ET> 50 
GeV are counted.

Inclusive W→µ(e)ν+Jets selection
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Figure 7: Left) The jet response from Z + jet balance with statistical uncertainties anticipated
for 100 pb−1. Right) The jet correction from Z + jet balance, from MC truth for QCD dijets, and
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the data-driven corrections to the highest and lowest pT regions where in-situ calibration sam-
ples are not available. The result of these steps is the data-driven absolute correction for pT
dependence.

With 100 pb−1 of data we expect to be able to use top quark events for data driven correc-
tions [9]. The W mass constraint can give the jet energy correction for light and charm quarks
in the rough interval 20 < pT < 130 GeV, and the t quark mass constraint can then give the jet
energy correction for b quarks in a similar pT interval. These corrections will then be used as a
further constraint on the absolute correction for pT dependence.



W/Z+jets event rates
Expected effective cross section for W+jets and Z+jets 
as a function of jet multiplicity

Expected Systematic uncertainties of W+jets Cross 
Section at 10 fb-1

✓ The cross sections for W(Z)+jets decrease with 
increasing jet multiplicity as predicted in QCD
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4.2 Data Driven Corrections 7
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Figure 7: Left) The jet response from Z + jet balance with statistical uncertainties anticipated
for 100 pb−1. Right) The jet correction from Z + jet balance, from MC truth for QCD dijets, and
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the data-driven corrections to the highest and lowest pT regions where in-situ calibration sam-
ples are not available. The result of these steps is the data-driven absolute correction for pT
dependence.

With 100 pb−1 of data we expect to be able to use top quark events for data driven correc-
tions [9]. The W mass constraint can give the jet energy correction for light and charm quarks
in the rough interval 20 < pT < 130 GeV, and the t quark mass constraint can then give the jet
energy correction for b quarks in a similar pT interval. These corrections will then be used as a
further constraint on the absolute correction for pT dependence.



Jet energy correction using Z+jets

4.2 Data Driven Corrections 7
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Figure 7: Left) The jet response from Z + jet balance with statistical uncertainties anticipated
for 100 pb−1. Right) The jet correction from Z + jet balance, from MC truth for QCD dijets, and
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the data-driven corrections to the highest and lowest pT regions where in-situ calibration sam-
ples are not available. The result of these steps is the data-driven absolute correction for pT
dependence.

With 100 pb−1 of data we expect to be able to use top quark events for data driven correc-
tions [9]. The W mass constraint can give the jet energy correction for light and charm quarks
in the rough interval 20 < pT < 130 GeV, and the t quark mass constraint can then give the jet
energy correction for b quarks in a similar pT interval. These corrections will then be used as a
further constraint on the absolute correction for pT dependence.

Z+jet events can be used for jet calibration: the key point is pT balance between Z 
boson and the jet  

(Z→μμ) + jet: 
➠ muons reconstructed in the tracker 
(independent from calorimeter), 
➠ clean events with well separated Jet-Z  
➠ NO extra jet with PT > 0.2PT(Z). 
➠ mμμ within m(Z)±20 GeV

✓measure  jet correction up to 
400 GeV with  100 pb-1.

✓ correction factors from MC 
dijet & Z+jet consistent within 5%

✓ combine jet calibration 
constants from Z+jet and MC 
truth, extrapolate to higher pT 

✓consistent results using γ+jet 
events exists, larger QCD 
background compare to Z+jet.   
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Figure 7: Left) The jet response from Z + jet balance with statistical uncertainties anticipated
for 100 pb−1. Right) The jet correction from Z + jet balance, from MC truth for QCD dijets, and
the ratio of the two corrections.

the data-driven corrections to the highest and lowest pT regions where in-situ calibration sam-
ples are not available. The result of these steps is the data-driven absolute correction for pT
dependence.

With 100 pb−1 of data we expect to be able to use top quark events for data driven correc-
tions [9]. The W mass constraint can give the jet energy correction for light and charm quarks
in the rough interval 20 < pT < 130 GeV, and the t quark mass constraint can then give the jet
energy correction for b quarks in a similar pT interval. These corrections will then be used as a
further constraint on the absolute correction for pT dependence.

Z + jet balance

p p

Jet

μ+
μ-

Z
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Summary

 A strategy for the early measurement of the inclusive W & Z production cross 
section  have been developed for the first 10pb-1 of data

 W(Z)+jets have wide range of physics potential. Measurements of W(Z)+jets 
versus jet multiplicity will be one of the early measurements in CMS.

 The analysis strategy for W/Z+jets will be adapted from W/Z measurement for the 
EWK part. Multiple choice for jet reconstruction: Calorimeter/Tracker/ParticleFlow jets     

 The ratio measurement of W+Njets to Z+Njets will allow cancellation of most of the 
relevant systematic uncertainties. Extremely important at the startup and the studies 
for ratio measurement are ongoing.

 One crucial point will be the reduction of background in the W+>2 jets from top 
events: ttbar production rate increases by a factor of ~100 from Tevatron to LHC, 
while W(Z) production increases by a factor of ~5. 2124652387
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Event Generation and Simulation

Why W /Z + jets
Direct production of electroweak gauge bosons (W+- and Z) in association with jets are important hard processes, that can be used for:

C ritical tests of perturbative quantum chromodynamic (Q C D)
The NLO cross sections have been calculated only up to W/Z+2jets. Predictions for the higher jet multiplicity final states are accessible 

through matrix element (+parton shower) computations and in fact can be considered as a prime testing ground for the accuracy of 

such predictions as well as for measurements of !S.

Jet energy calibrations
The jet energy scale systematic uncertainty can be reduced using Z + jet events. Z boson momentum is balanced by one jet of hard

subprocess allowing the determination of the momentum of the balanced parton. The cross section is smaller than other calibration 

samples, but the kinematics of the Z boson can be reconstructed very precisely. This approach depends on the calibration of the tracker 

(Z->"") or additionally on the calibration of the ECAL (Z->ee) which will be acceptable after calibration with first data.

Background for many new particle searches
At the LHC W/Z+jets processes have high cross sections, with respect e.g. to the Tevatron, and thus constitute the dominant 

background for a variety of new physics signatures (Higgs, Supersymmetry, ...), besides being a background for SM measurements.

The W+Njets channel can also be a discovery channel for new physics. Any production of new heavy particles with quantum numbers 

conserved by the strong interaction and EWK couplings is likely to contribute to signatures with one or more EWK gauge bosons; 

additional jets will always be present at some level from initial-state radiation, and may also be created in cascade decays of new heavy 

particles of from the decay of associated heavy particles.

W and Z measurements will be among the first results from CMS. The detector will be imperfectly understood and the analyses are 

designed to be insensitive to this. Data-driven methods are used where possible, rather than relying on Monte Carlo.

Precise measurements of the W + N jets and Z + N jets channels provide a broad search in a number of possible signatures of physics 

beyond the SM.
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What can be done with 10/100 pb-1

With 10pb-1, about 2600 (570) W+1jet (2jets) and 350 (60) Z+1jet (2jets) events are expected to be available after selections. This will

allow to measure the ratio of !(W+Njets)/!(Z+Njets) with 1 and possibly 2 jets.

The use of jets reconstructed with tracker tracks is under study and is expected to be more robust at startup and to allow the collection 

of a higher statistic.

With 100pb-1 and with improvements in the calibrations of the detector, measurements of the ratio of up to 4 jets and the direct 

measurement of the cross sections of W+jets and Z+jets are expected.

Comparisons with the Monte Carlos will be carried on to assess their predictive capacity especially in the low PT shapes of the jet 

energy distributions. These are the most problematic regions and in the long term, once NLO effects are understood, and low PT

shapes well reproduced, systematics can be assigned according to NLO vs NNLO comparisons.

Especially crucial will be the reduction of the top background in the W+>2 jets channels. The ttbar contribution to W+jets events is 

accentuated at the LHC, since the ttbar production rate increases by about a factor of 100 from the Tevatron to the LHC, while W and 

Z production increase by just a factor of 5. Strategies based on jet characteristics are being developed and tested on the Monte Carlo 

simulations.

Event selection at C MS

Trigger
! standard single electron and single muon triggers for the W+jets

! standard double electron and double muon triggers for Z+jets

Offline selection
! Identified leptons with a minimum required transverse momentum are checked for both calorimetric and tracker isolation. This 

requirement is essential in reducing the huge QCD background. The lepton selection strategy is optimized by studying the faked 

lepton rate from a very large QCD sample.

!Above selection cuts combined with jet ET , ET
miss and transverse mass (MT) cuts are able to achieve a suppression factor of 108 for 

the QCD events, which leads to negligible contribution from QCD events (roughly two orders of magnitude lower than the signal) to 

the cross section measurement and kinematic distributions of physics observables.

! For W identification, a combination of an ET
miss cut and a constraint on the transverse mass of the lepton- ET

miss system are used. The 

ET
miss is corrected for both muons and jet energy corrections. Cutting on the ET

miss helps to improve the MT resolution and thus the 

efficiency of the mass window cut.

! For Z identification a tight cut on the reconstructed mass from the two opposite sign leptons is used. Since any ET
miss in this events 

comes from instrumental effects ET
miss is required to be small taking into account the expected resolution. This helps in the reduction 

of      background events that have a longer tail in the ET
miss distribution. ET

miss is only corrected for muon effects, since jet energy 

corrections are found to reduce its resolution in this case.

! Jet energy corrections are very important in this kind of analysis. Z+jets events provide the possibility to use reconstructed Z boson 

momentum to calibrate the jet energy. The same calibration constant set can be used for W+jets, because W+jets and Z+jets have 

similar jet ET distributions due to the physics correlation between the two processes. Jet number in the event are counted after jet 

energy corrections have been applied and a minimum jet transverse energy of about 50 GeV is required.

After all these selections the effective cross sections are found:

The effective cross section corresponds to 
the generated cross section of a physics 
process with the overall acceptance factor, 
which includes detector tr igger efficiency 
and offline selection efficiency.

Expected effective cross section for W+jets and Z+jets as a function of jet number

If a sizeable contribution from BSM physics is present at high jet multiplicities, tuning the Monte Carlo against the data would result 

in a wrong estimate of the actual SM component.

One way to check early on whether the W+jets sample at the LHC is in agreement with SM predictions is to examine the 

#(W+Njets)/#(Z+Njets) ratio versus N. In the W/Z ratio, the various QCD and PDF uncertainties are greatly reduced. Most BSM 

signals can produce deviations in the measured ratio either by decaying into actual Z or W bosons or by having a high ET
miss signature.

On the other hand, the rate for Z->$$%&'() production should occur at six times the Z->l+l-+jets rate, so this process gives a good 

estimate of one of the most important backgrounds to the SUSY jets + ET
miss channel.
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L eading jet Pt distr ibutions for W /Z+jets and backgrounds
(plot scales refer to 1fb-1)

Conclusions

Among the first measurements that will be carried out at the LHC by the CMS detector there will be the measurement of the ratio of 

the W+jets and Z+jets cross sections versus the jet multiplicity. This observable is much less affected by systematic uncertainties than 

the direct cross section measurements.

With the first 10pb-1 the ratio of up to W/Z+2 jets is expected to be measured.

With the first 100pb-1 the ratio of up to W/Z + 4jets and also direct measurements of the individual cross sections will be carried out.

Detailed studies of techniques for background subtraction and selection efficiency improvement are ongoing. 

Monte Carlo generators predictions (both LO and NLO) will be compared to the data with special attention to the low PT shape of the 

jet energy distributions.
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What to measure at startup

W/Z+Njets must be measured with great accuracy to allow precision measurements and increase the search sensitivity. Direct 

measurements of the production cross sections of W + N jets and Z + N jets signatures suffer from inherent theoretical and 

experimental uncertainties associated with the definition and measurement (and hence counting) of jets. Ratios will allow for partial 

cancellation of systematic uncertainties.

Among the dominant experimental uncertainties are:

! the energy response of the detector to a jet ('energy scale') 

! additional energy contributions from the underlying event 

! backgrounds from misidentified non-electroweak events 

! jet eta resolution 

!detector acceptance

These effects and others can change the number of jets measured in a given event.

At the LHC the jet energy scale will be even more problematic than at the Tevatron, especially at the startup. Also, the statistical 

uncertainty will quickly become smaller than the systematic one. 

Uncertainties in the theoretical SM predictions are dominated by the choice of Q2 scale, the parton distribution function (p.d.f.), 

initial/final state radiation (ISR/FSR), and the non-perturbative evolution of partons into on-shell particles that would then be detected. 

All of these effects combined mean that the measurement of a specific N-jet exclusive channel such as W + 4 jets will be completely 

dominated by systematic uncertainties.

By considering the ratio

most of the uncertainties will cancel (at first order)[4]:

! The largest uncertainty is from the jet energy scale. This uncertainty will cancel in the ratio of W+jets and Z+jets events to the extent 

that the spectra in Et, the rapidity distribution and the composition (e.g. quark versus gluon) of the jets in the two processes are the 

same. Dedicated studies [4] show that the jet energy scale uncertainty can be reduced by one order of magnitude using the ratio. The 

same considerations apply to the jet eta resolution. 

! The second largest uncertainty is expected to come from underlying event contribution to jet energies. This contribution can promote 

a low energy jet above the jet-counting threshold in Et and thus change the jet multiplicity of the event. 

Studies of the underlying event in jet events [5] show that the differences in W and Z production are a small portion of the total. 

However, the energy per tower contributed by the underlying event, and hence the effect on 'promotion' of jets, can be directly 

measured in W + N jets and Z + N jets events. We can assume that this uncertainty will be negligible in the ratio. 

! Contributions from multiple interactions should cancel identically in the ratio, since they are uncorrelated with the hard scattering. 

! Taking the ratio of the cross sections of same multiplicity W+jets and Z+jets events also minimizes the systematic errors due to the 

theoretical uncertainties from p.d.f.s and Q2 scale choice.

! !
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Theoretical predictions[1][2]

W+1jet
At the LHC the dominant mechanisms for W boson production in association with 1 jet are                   and ,              with the first 

one being the most frequent.

In the                     channel the W is produced abundantly in the forward rapidity region and the physical mechanism is the difference 

in the shape of the *T<TLTa) of the incoming partons. The gluon distribution function is very steep and prefers fractions of the proton 

momentum as low as possible. The valence quark instead has a distribution that allows to increase the fraction without paying a high 

price.

The same considerations apply also in the case of                   since the    is a sea quark.

If the W is produced with high rapidity usually the jet is produced in the same hemisphere as the W or centrally. This keeps the fraction 

of the proton momentum from the gluon or the antiquark small without substantially increasing the fraction from the valence quark. 

Whether the jet is produced in the central region or in the same hemisphere as the W depends on the detailed shape of the p.d.f. and 

should be checked against the data.

If the jet is produced in the opposite hemisphere as the W, the rapidity interval between the two is large. However, this case is strongly 

suppressed at LO, since its parton subprocesses can only have quark exchange in the crossed channel, and thus the related production 

rate falls off with the parton center-of-mass energy. Thus this configuration is dynamically disfavored.

W+2jets
The four main subrocesses contributing at LO are                    ,

,                    ,                    . The latest is the

dominant process at the LHC. The                     channel is perfectly

symmetric and the W and the two jets are produced mostly in the

central rapidity region. For the                     channel, similar considerations

as for the W+1jet apply. Due to the p.d.f.s the W boson is produced

preferentially in the forward region, with the additional jet favoring

even more this configuration. Ultimately, if the two jets are balanced,

the transverse mass is simply equal to the W mass. One of the jets is

always linked to the W boson via a quark propagator as in W+1jet

production, so it tends to follow the W in rapidity. Thanks to the gluon

exchanged in the crossed channel, the second jet can be easily separated

in rapidity from the W boson.

In                                   the kinematical mechanism is the same as in

since the antiquark is a sea quark, however only                   

can have a gluon exchanged in the crossed channel.

channel is peculiar, since both partons are valence quarks

and it can only have gluon exchange in the crossed channel. To make one x large it tends to have the W and one jet slightly forward in 

rapidity, while to make the other x large it has the second jet well forward and opposite in rapidity.

W+>2jets
There is not direct NLO computation of the cross section in this case. Monte Carlo programs able to simulate this events at LO have 

been developed and they have proven to be consistent with Tevatron data[3]. In particular, the LO predictions and simulation of higher 

order effects via parton shower generators are already sufficient to describe the data. It is one of the tasks of the LHC experiments to 

check whether the same still holds true or if NLO or if NNLO approaches are needed. 

Z+Njets
This channel is not expected to differ much from what described for  W+jets.

At the Tevatron the dominant process for production of Z+jets is                          where both partons are valence quarks. At the LHC 

the dominant process is the same, but the antiquark comes now from the sea. This means that regions with much smaller x of the p.d.f.s

will be explored with Z+Njets events at the LHC. Most of the considerations done for W+jets are expected to apply also for Z+jets.
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✓A number of physics generators are available to 
simulate major kinematic properties of W/Z+jets

✓ matrix-element(ME) event generator ALPGEN is used 
to generate exclusive parton level W/Z+Njets 
(N=0,1,2,3,4,5) events.PYTHIA is used for parton 
showering(PS) and hadronization.

✓ In order to avoid double counting of processes from  
ME and PS,  MLM recipe is used for matching partons 
and jets.

✓The SM processes ttbar+jets, WW+jets, WZ+jets, ZZ
+jets and QCD multi-jet are considered as background 
and generated with PYTHIA in fully inclusive decay 
modes for W and Z. 

✓Measurement of pT spectrum of jets made by CDF 
collaboration shows good agreement with predictions 
obtained with ALPGEN program.
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