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CSC Note Overview 
Preliminary draft available (advanced status but not finalised yet):
https://twiki.cern.ch/twiki/bin/view/Atlas/InclusiveWZCSCNote

 Exhaustive note:
 aim: Z and W inclusive cross section

 W→eν, µν
 Z→ee, µµ

 includes:
 electron and muon Trigger eff.
 reconstruction performance 
 stream data tests
 early data measurements
 higher luminosity measurements
 differential cross-section meas.

https://twiki.cern.ch/twiki/bin/view/Atlas/InclusiveWZCSCNote
https://twiki.cern.ch/twiki/bin/view/Atlas/InclusiveWZCSCNote


Alessandro Tricoli, RAL 3ATLAS CSC W/Z inclusive cross section , 10th  Jan 2008 

Presentation Overview 
Cannot give justice to all contributions in 20 min:

 selection of most advanced analyses from note draft
 focus on data-driven methods for signal selection and cross-section meas. 
    in early data and higher lumi scenarios
 Trigger and Reconstruction performance (only brief reference)
    (already discussed in Trigger and Combined Performance sessions)

 Tests Stream data
   

Electron sector
 Trigger efficiency measurement
 Reconstruction performance measurement
 Z->ee selection with early data
 W->eν selection and cross-section measurement 

Muon Sector
 Trigger efficiency measurement
 reconstrucion performance measurement
 Z->µµ selection with early data and higher luminosity

Differential cross-section measurements
 Z->ee, Z->µµ dσ/dydpT (D0 and alternative methods) 
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W and Z cross-sec measurement at LHC 

Theory: W and Z x-sect known to <1% exluding PDF Stringent test

Z production clean and fully reconstructed leptonic final states
W production high counting rate:
 Precise measurement of differential x-sect 

 dσ/dpt: QCD constraints, e.g. resummation  
 dσ/dy: PDF probe

 Improvements on QCD beneficial to all physics at LHC
 Detector performance

 detector energy and momentum scales
 detector resolutions
 lepton identification efficiencies

 Fundamental EW param
 Z forward-backward asymmetry, letpon universality, etc
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Trigger 

 Initial lumi 1031 cm-2 s-1

 less stringent requirements, lower PT thresholds, no isolation, simple selec.
 Z, W trig.: 

 at least 1 ele (µ) pT>10 GeV
 at least 2 ele (µ) pT>5 GeV (4 GeV)

 Higher lumi 1033 cm-2 s-1

 thighter requirements
 Z, W trig.: 

 at least 1 ele (µ) pT>25 GeV (20 GeV)
 at least 2 ele (µ) pT>15 GeV (10 GeV)

Measure Trigger efficiency from data, i.e. MC-independent:
Uncertainty important contribution to syst error on Z,W x-sect.

Tag&Probe, e.g. Z->ll:
 tag-lepton: tightly selected
 probe-lepton:used to make performance measurements
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Electron Sector 
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Trigger efficiency 
Electron

E25i Trig. Eff. Wrt Offline electron sel.

Z->ee Tag&Probe Sel.:
 tag-lepton: trig+tightly ele id (isEM)
 probe-lepton: loose, medium and tight ele id (isEM)

L2, EF eff. small bias ~0.1-0.4% wrt truth

QCD dijet and W->en effect ~ 0.01%

Overall Trigger Efficiency wrt Tight : 93.02% ±0.20 ±0.82

More details in talk by Mike Flowerdew (09/01/2008)
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Reconstruction Performance 
Electrons

Z->ee Tag&Probe Sel.:
 tag-lepton: trig+tight ele id (isEM)
 probe-lepton: cluster in opposite φ hemisphere

Two pass analysis :
1) Absolute offline container efficiency
2) IsEM efficiency relative to the container
The results are combined to produce the offline reconstruction efficiency

Loose isEM (50 pb-1) Tight isEM (50 pb-1)

Absolute electron reconstruction eff 

Tag&probe± stat± syst (MC-Truth)

 Eff. increases up to 40 GeV, then constant
 Eff. drops in cracks η=1.57-1.8 
More details in Helen Hayward's talk 
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Early cross-section measurements 
With early data (≤50pb-1) detector response may be imprecise

• Simple and robust selection cuts
• based on Calorimeter Only

Z→ee
• Preselection:

• 2 electron candidates from ElectronContainer & PhotonContainer ET>15 GeV
• acceptance and crack removal cuts: 0<|η|<1.3 & 1.6<|η|<2.4

• Electromagnetic Estimators (simpler sel than isEM):
• Simpler shower shape estimators

• Isolation:
• use Etcone (∆R=0.45): Etcone/Et <0.2

• Mass Distribution Fit:
• sig + bkg functions with resolution funct

• Sig: relativistic Breit-Wigner with two gauss resolution funct.
• Bkg: exponential
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Early cross-section measurements 
Z→ee

preselection 3 EM estimators Isolation

Mass Fit B-W width fixed (PDG value 2.4952 GeV)
 Gauss params fitted in lower and upper sides 
    of mass peak then fixed to 2.89, 1.76 GeV
 Then free fit params: 

 B-W peak pos, norm, slope
 bkg expo constant Signal Fit range

85-100 GeV

Stat error on x-sect for 1, 50 pb-1

Syst: 3% underestimation of signal events (poor signal shape), 3% overestimation of bkg events (MC stat)

Move to Tighter Selection as soon as possible to improve accuracy
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W → eν 
 Lumi

 Early cross section measurement
 Trig: e20 (1031 menu)
 electron id : medium isEM

 High Luminosity measurement
 Trig: e25i (1033 menu)
 electron id: tight isEM

 Methods 
 Cut-based (‘ a al TDR’)

 electron id (isEM flag)
 acceptance and crack removal cuts: electron |η|<1.37, 1.52<|η|<2.4 
 electron ET > 25 GeV
 ETmiss> 25 GeV (MET_RefFinal)
 jet veto: no jet with ET>30 GeV (ele-jet overlap removal ∆R<0.4)

 Data-driven:
ETmiss and Jet Cuts remove most of bkg but irreducible bkg under W peak 
difficult to estimate.

 electron id, acceptance and crack removal cuts
 do Not apply ETmiss and Jet VetoCuts to keep shape of bkg 
outside W peak

 reject Zee (second largest bkg after ele id)
 fit and subtract QCD bkg 

Results to finalize:
Results only for 
E25i trig and medium isEM
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W → eν 
Cut-based selection (‘a la TDR’)

after 
e25i + 
Medium isEM +
ET ele >25GeV+
ET jet <30GeV

Transverse mass

NB: Recoil cut removed wrt standard TDR cut as redundant for S/B

Low Lumi:

High Lumi:
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W -> τν
Z -> e-e+

QCD

W -> eνafter 
e25i + 
Medium isEM +
ET ele >25GeV +
Zee rejection

Zee rejection (after ele id and acceptance cut): 
65<Minv<130 cut using following combinations 
To maximise acceptance:
 |η|<2.5: 1) opposite charge electron pair

        2) electron – photon candidate
 |η|>2.5: 3) electron – jet candidate 
                     (cut on ratio Had/EM ratio in jets)

HEC/EMEC FCal

2.5<|η|<3.2 |η|>3.2

FCAL0 
treated 
as EMQCD 

jets
QCD 
jetsTruthEle-

-matching
Jet

TruthEle-
-matching
Jet

Data-driven Selection

Zee B/S cut from 25% to 2.7%
Negligible amount of rejected QCD, 
Negligible amount of rejected W->eν & W->τν
No distortions on distributions

W → eν 
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Elec/Phot Linearity Check

QCD events

W -> τν

Z -> e-e+

W -> eν

Subtracted 
“data”

Data-driven Selection
QCD Subtraction: 
Fit QCD background from orthogonal QCD sample to access distr. tails under W peak
 FIT ETmiss from photon sub-sample in range ETmiss >10 GeV (99% purely QCD)
 Normalise to electron-subsample in side-band (10<ETmiss<22.5 GeV)
 Subtract fit under W peak: ETmiss>22.5 GeV

W → eν 

After Normalisation to Electron sample

Norm 
Range

Extrapolation 
under signal peak 

 QCD
 events

Photon sample

99% purely QCD

EXP
FIT

Fit Etmiss from photon sample

Fit uncertainty dominated
by QCD MC sample stat.

S/B uncertainty for QCD ~3.5% compatible with cut based selection (dominated by MC stat). 
Param improvement by expo+polynomial ETmiss>10GeV
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Cross-section measurements 
W → eν 

I   = (ET, η) bin
A = geom & kine acceptance
εt = trig eff.
εe = ele id eff.

However due to limited QCD MC stat.
Only global formula applied

Conservative 200% from QCD fit 

From data-driven tag&probe

Assumed 10% 

NNLO corr. 

Low Lumi Result:
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Muon Sector 
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Trigger efficiency 
Muon

Data Sets used (Sig. & Bkg)

Cosmics bkg contribution negligible

Z->µµ  Tag&Probe Sel.:
 Low Lumi (50 pb-1): 

 tracks from stand-alone muon system
 isolation cuts based on ID only 

 Higher Lumi (1 fb-1):
 combined tracks (muon system+ID)
 isolation based on ID and Calo

ID-based (low&high lumi)

Calo-based (high lumi)

Cuts on tag&probe tracks

• Trigger:
• Early data: single muon 6 GeV threshold
• Higher Lumi: single muon 20 GeV 

Isolation Variables:

 Inner Detector based variables 

 (n. tracks in hollow cone, sum pt in hollow cone)

 Calorimeter based variables 
    (sum calo cell ET in hollow cone, jet E in cone)

Early data: rely only on one type 
of isolation (I.D. chosen)
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Trigger efficiency 

Trig. Eff. Results Referred to Offline Muon Spectrometer reco eff. 
(Wrt ID offline reco eff also studied)

Muon

Low Lumi Results

 Agreement Tag&Probe with MC  better than 1% (2% in cracks η=0, |η|=1.05)
 Overall syst uncertainty <0.5% in both low and high lumi
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Reconstruction Performance 
Muons (Z->µµ)

Tag&Probe Reco Efficiency:Tag&Probe compared with MC-truth (Truth-match ∆R=0.05)

Good ageement:  negligible correlations between tag and probe tracks

PT resolution:

s = momentum pt scale
σ  = pt resolution
f= 1/pt random smearing funct., width σ
    e.g. gauss

Method: 
vary parameters s, σ in simul. 
to reproduce measured Z mass peak

Z->µµ:
 reco eff. similar for standalone muon system & ID combined
 pt resolution significantly better for combined reco
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Early cross-section measurements 
Z→µµ

• Off-line selection:
• 2 opposite charged muons with |η|<2.5
• muon pT >20 GeV (reduce error on x-sect measurement)

• |91.2 GeV – Mµµ| <20 GeV
• isolation cuts: 

inner detector based variables

Data Sets used (Sig. & Bkg)
• Trigger:

• Early data: single muon 6 GeV threshold
• Higher Lumi: single muon 20 GeV 

• Muon Reconstruction:
• Early data: Standalone Muon Spectrometer 
• Higher Lumi: Combined with Inner Detector (better momentum resolution)

Early data: rely only on one type of isolation:
I.D. chosen
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Early cross-section measurements 
Z→µµ

 Background Estimation
 Z → ττ from MC
 tt: x-sect known to ~15% precision (mainly PDF uncert.)

 muon reco & trig eff asumed equivalent to Z events
 isolation (larger had activity): assumed lept. decayed tt 
    equivalent to Z boson with 2 jets ET> 50 GeV

 iso eff from Z data: 10% syst error wrt tt MC truth

 QCD: use QCD enriched sub-sample,i.e. 2 like-sign non-iso muons (NLS)
 count NLS from data (indep. from isol prob.)
 ratio rOS, LS of isol. Opposite-sign µ / isol like-sign µ from MC
 NLS *rOS, LS = QCD bkg contribution, 100% syst uncert. Assumed

 W→ µν 
 equivalent to Z → µµ + µ , remove di-boson events by subtracting 3-tight isol muon events

 conservative syst error 50% estimated

 cosmic muons neglected 
 Kinematic cuts

 muon pT resolution: small impact  on εall (<0.002)

 momentum scale: larger impact  on εall (<0.003)

 isolation cuts (related to n. jets in event)

 tag&probe method: ∆εISO = 0.003 syst due to bkg contribution

 Other (prim. Vertex, misalign., pile-up, min-bias): studied, no dominant in early run

Systematics Studies
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Early cross-section measurements 
Systematics ResultsZ→µµ

Not including theoretical uncertainties (PDF etc.)Uncertainty

Syst. Break-down (100 pb-1)
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Higher Lumi measurements 
Z→µµ

Assume detector response is better understood at higher lumi run (1 fb-1)
• More complex analysis algorithms and tighter selection

Only requirement: 
2 opposite charged muons

Off-line selection (differences wrt low Lumi)
 combined reconstruction
 since pT resolution improved

 Z width decreased
 reduced mass window: 15 GeV (still 5σZ)

 Isolation cuts:
 inner detector based variables
 calorimeter based variables

0.5 M selected Z->mm events with 1 fb-1

Overall sel eff.:

Bkg contamination reduced (tighter cuts)
Smaller uncertainty on Trig. Eff.

Expected syst uncertainty (1 fb-1)
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Differential Cross-section 
measurements 
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Differential Cross-section measurements 
D0 Method

Z→ee Z→µµ

Selection
 On/Off-Line: 

 Trig. 2e15i, 2 oppos. charged ele
  tight isEM 

 Fiducial+Kine: 
 |η|<2.5, PT>20 GeV
 75 GeV< Mee<105 GeV 

Selection
 On/Off-Line: 

 Trig. mu20i, 2 oppos. charged µ,
 reconstructed in Muon Spectrometer & ID 
 ID-based Isolation 

 Fiducial+Kine: 
 |η|<2.5, 1st µ PT>20 GeV, 2nd µ PT>15 GeV
 76 GeV< Mee<106 GeV 

Negligible bkg contamination

x-sect in y,pt bins (σα)

Det smearing corr Event Sel eff Gom Accept. Event Count
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Differential Cross-section measurements 
D0 Method Results

Z→µµZ→ee
Binning: 
• 50 pt bins 0<pT<100 GeV
• 6 y bins 0<|y|<2.6

Binning: 
• 50 pt bins 0<pT<100 GeV
• 9 y bins 0<|y|<2.7

Measured
Corrected
Generated

Lumi 0.2015 fb-1

Good agreement
With MC Truth
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Differential Cross-section measurements 
Alternative Method

Original attempts to extract cross-section and reconstruction efficiencies simultaneously

Pa ij    = prob. Z produced in bin α  decays in lepton bins i, j (from MC)
ε i,ε j   = lept. Reco eff. (not expected to depend on α, but not necessary assumption)

L      = int. lumi
∆σα   = Z prod. X-sec in bin α

Pa ij incorporates 
all detector effects, 
i.e. resolution effects Over-constraint system with unknowns ∆σα  and ε i,ε j 

Problem at low stat solved by non const binning and average eff.:

Method agrees to previous method when only 1 lept. bin in Et and η:

 N. Bins Z PT = 10   0<PT
Z<60 GeV

 N. Bins Z y =5   |yZ|<2.5
 N. Bins µ-ET = 1 (no µ reco pt-dependence above 10 GeV)
 N. Bins µ−η = 7 (dictated by det geometry)

Complete method tested on Z->µµ:
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Differential Cross-section measurements 
Alternative Method Results

Measured and truth 
Agree well 
within stat precision 
(3-20%)

η dependence of reco eff. (precision ~2%)
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Conclusion

 Extensive CSC note;
 tools and algorithms are in place to analyze early LHC 

data (<= 50 pb-1);
 higher lumi data (~1 fb-1) not overlooked;
 perfom mesurements of W and Z cross sections;
 Data-driven methods have been developed to estimate 

efficiencies, systematic uncertainties and background 
contamination;
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EXTRA 
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Electron identification
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after 
e25i + 
Medium isEM +
ET ele >25GeV 

after 
e25i + 
Medium isEM +
ET ele >25GeV 

W → eν 
Cut-based selection (‘a la TDR’)
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W → eν 
Z->ee removal
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W → eν 
Electron Trigger efficiency
Used for W->en x-section measurement

Tag&Probe
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W → eν 
Electron Trigger efficiency
Used for W->en x-section measurement

Loose isEM Medium isEM Tight isEM

Global eff.
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W → eν 
Electron Identification and reconstruction efficiency
Used for W->en x-section measurement

Tag&Probe 
convolution of

Absolute Electron efficiency
isEM wrt electron container

Global Eff.
Differential Eff.
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Reconstruction Performance 
Muons

Reco Efficiency Truth-match ∆R=0.05

MC-Truth Study:

Momentum pt Reslution 
Gaus fit:
Width = resol
Mean = mom-scale 

η pt

Reco Efficiency Pt Resolution

Z->µµ:
 eff. Similar for standalone & combined
 resolution significantly better for combined reco

?
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Cross-section measurements 
W → eν 

I   = (ET, η) bin
A = geom & kine acceptance
εt = trig eff.
εe = ele id eff.

However due to limited QCd MC stat.
Only global formula applied

Low Lumi Result: Conservative 200% from QCD fit 

From data-driven tag&probe

Assumed 50% as in CDF run II 

From data-driven tag&probe

Assumed 10% 

NNLO corr. 

Assumed 10% 

NNLO corr. 

High Lumi Result:
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Trigger efficiency 

Trig. Eff. Results Referred to Offline Muon Spectrometer reco eff. 
(Wrt ID offline reco eff also studied)

Muon

Low Lumi Results

High Lumi Results

 Agreement Tag&Probe with MC  better than 1% (2% in cracks η=0, |η|=1.05)
 Overall syst uncertainty <0.5% in both low and high lumi


