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EWK processEWK EWK processprocess
 W→eν x-section at large η (>1.1)
ªUsing tracking separately from calorimeter
ÖExcellent to test tracking capability
ÆMeasure efficiencies on data, check MC

ªMeasurement interesting per se (unexplored 
rapidity region) and
ÖPath to other interesting physics processes 

(associated production, decays involving Ws etc)

CDF note 7023: Preliminary result on 72 pb-1

(blessed for spring conf. In 2004)

CDF 7594: Selection criteria and eff. 
Studies for 223 pb-1
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WÆ eν x-sectWWÆÆ eeνν xx--sectsect
 σ(W) is measured using electron at large η:

ÖEm clusters in Plug
ÖMET
ÖClusters are matched to a 3D track independently

reconstructed by the tracking system (i.e. no use of 
calorimetric info)
ÆDue to the η region this means using mostly silicon 

(SVXII, ISL) with or without COT
ÆThis is very close to what is done in the central region
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Data samplesData samplesData samples
 Plug electron dataset collected in the first 

preshutdown period (March 2002-February 
2004), equivalent to ~223 pb-1(*)

ªRequire MET_PEM trigger fired
ÖWorking plug and silicon (“Good silicon Run”)

ªReconstructed using 5.3
ÖGood Run List V7

 To measure efficiencies (trigger, ID etc)
ªZ→ee (Central-Plug)
ªJET20

 All Gen5…
 (*)factor 1.019 included
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IngredientsIngredientsIngredients
 Requirements
ª calorimetric
ÖEM clusters in plug 

region (1.1<|η|<2.8) 
with large ET
ÖCluster to be 

consistent with being 
an electron and
isolated (ID)
ÖLarge MET

ª tracking
ÖRequire a match with a 

track extrapolated to 
the PES
ÖRequire track to have 

E/p<2

 The recipe for cross 
section is always the 
same:
ª (Ncand-Nback)/(εxL)
Öε=ε sele x ε trigger

 Measure efficiencies 
and background mostly 
using data
ª ZÆee CP sample 
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 Trigger
ªMET_PEM fired

 Electron
ª ET>20 GeV
ª 1.1<|η|<2.8
ª Electron ID 
ÖHad/Em <0.05
ÖRelative Isolation<0.1

 MET> 20 GeV
 Require a track

(PT>1 GeV/c) 
to match:
ª |∆X|<3cm ,|∆Y|<3 cm
ª |Z0trk|<60 cm
ª E/p < 2

SelectionSelectionSelection
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W->eν distributions after 
calorimetric cuts

WW-->e>eνν ddistributionsistributions after after 
calorimetric cutscalorimetric cuts

MT

East

METET

Large Background contamination. Use tracks to clean
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After track selectionAfter track selectionAfter track selection
 After track matching and E/p cut sample is clean:
ET MET MT

Top: All, Middle: East, Bottom: West
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Selection SummarySelection SummarySelection Summary

ET vs MET final

402443MET>20

58962E/p and Z0trk<60cm

98756PES match

1.2 x 106Ele ID

4.5 x 106Em plug, ET>20
# eventsRequirement

Cand. track parameters
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Background Background Background 
 Non W backg. is 

calculated using the 
MET vs ISO method.
ª Corrections for W→τν, 

W→eν,Z→ee contributing 
to the different regions 
are applied. 

 W →τν and Z→ee
backgrounds are estimated 
using MC and normalized to 
candidates
ª Result is (stat. uncert. only):
ÖN(QCD)=3758±125
ÖN(Z)=527±5
ÖN(W→τν)=1946±43 

Check of 
back.calculation using 
“anti-electron” method 
(CDF note 7760)

⇒result consistent
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Acceptances and efficienciesAcceptances and efficienciesAcceptances and efficiencies
 ε=εkin x εid x εpvz x εtrack x εE/p x εtrg
 Geometrical and kinematical acceptance

ÖET>20 GeV, 1.1<|η|<2.8,  MET>20
ÆComputed using MC

 Electron ID efficiency
ÖHad/EM<0.05, Isorel<0.1
ÆMeasured using Z →ee (CP)

 Track Matching
Ö∆X,∆Y<3 cm
ÆMeasured using plug leg of Z →ee (CP) events and MC

 E/p requirement
ÖE/p<2
ÆMeasured using plug leg of Z →ee (CP) events

 Trigger efficiency
ÖMET_PEM fired
ÆMeasured using backup trigger

In red the ones 
measured using data
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Z→ee, CP data sampleZZ→→eeee, CP data sample, CP data sample
ª Used to determine E scale 

and smear
ª Used to measure 

efficiencies, check MC 
etc.

 Central leg (tight)
 Plug leg:
ª ET>20, 1.1<|η|<2.8
ª Had/Em<0.125
ª 80<Mee<100
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Z→ee, ε calculationZZ→→eeee, , εε calculationcalculation
 For ε calculations 

background computed as 
for the ZÆee CP sample 
(fake rate method using 
Jet20) and subtracted 

 Result: 
ª ε ID efficiency
Ö0.951±0.0022±0.026

ª track matching efficiency 
(combined with W MC)
Ö0.462±0.0051±0.003

ª E/p
Ö0.721±0.0067±0.0006

 Systematic uncertainties 
computed assuming 40% 
backg.unc. (x-checked)
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Trigger efficiencyTrigger efficiencyTrigger efficiency
 Our trigger path is MET_PEM:
ª L1= L1_EM8_MET15
ª L2=L2_PEM20_L1_EM8_MET15
ª L3=L3_PEM20_MET15

 Efficiency is computed using backup trigger and 
(L2_PEM and L3_PEM20) using Zee(CP)*
ª L1&L3_MET15= 0.9909±0.001
ª L2_PEM20=0.9572±0.0036
ª L3_PEM20=0.9975±0.0009
Öε=0.946±0.004

(*) collected using an 
independent trigger
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Kinematical AcceptanceKinematical AcceptanceKinematical Acceptance
 Measured using EWK MC 

sample wtop1i processed 
using V 5.3.3
ª A = (0.31568±0.0004)

 Systematics:
ª Et Scale

ª Et Smearing 
ªW Pt tuning
ª U Recoil 
ª Extra Material 
ª PDF 

 Systematics summary

+xxx-yyyTotal

+1.54 -1.39PDF

0.21 (0.08)U recoil …3σ (1σ)

In progressPt tuning

In progressExtra material

0.09 (0.06)Et smear …3σ (1σ)

0.45 (0.14)Et scale…3σ (1σ)

∆ Acc/Acc (%)Source
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Largest systematics: PDFLargest Largest systematicssystematics: PDF: PDF
 10 M events generated for 

each PDF eigenvalue. 
90%CL value by CTEQ used 
to shift central value

 Uncertainty estimate as by 
the W/Z PRD:
ª (+1.54,-1.39)%

 Or, taking the largest shift 
if in the same direction:
ª (+1.6,-1.65)%
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Other systematics: materialOtherOther systematicssystematics: material: material
 CDF simulation is tuned by 

adding material:

ª Acceptance syst. is computed 
by varying amount (+-1/3 X0) 
and running full simulation 
and reconstruction

 Good agreement data-
MC (check with Zee)

 Work in progress (large 
MC samples needed)
ª Use Zee to check effect 

on Escale and avoid double 
counting



Giorgio Chiarelli,  INFN Pisa 18CDF Collaboration Meeting, October 28, 2005 

A few plots…A few plots…A few plots…

One can now look at kinematical plots 
after taking into account background 

contributions

All the details in CDF note 7594
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Kinematical distributionsKinematical distributionsKinematical distributions
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Summary and resultSummary and resultSummary and result
 WÆeν cross section at 1.1<|η|<2.8 in 223 pb-1

ªAcc=0.315168
ªεtrigg=0.946
ªLum.region(*)=0.947
ªεID=0.951
ªεtrk=0.462
ªεE/p=0.721

ªσ=2643±12(stat)±  (sys)±158(lum)

* a.k.a. Willis correction
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ConclusionConclusionConclusion
 CDF is looking (into the) 

forward region for 
physics.

 Work in progress and 
keep working towards 
use of this info in 1fb-1…

W+ njets

223 pb-1 Very Preliminary 

|η|>1.1
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backupbackupbackup



Giorgio Chiarelli,  INFN Pisa 23CDF Collaboration Meeting, October 28, 2005 

Track match efficiencyTrack match efficiencyTrack match efficiency
 We do not want to rely on MC for εmatch
ªUse Z→ee sample, measure how many plug e are 

matched (∆X,∆Y<3 cm) by a track and define
ªεmtch(Wdata) = εmtch(Zdata)x{εmtch(WMC)/εmtch(ZMC)}
ªεmtch(W data) = 0.462±0.005(stat)±0.003(sys)

This definition is instrumental 
to our measurement
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Tracking eff. SFTracking Tracking effeff. SF. SF
 Results are: 
ªεmtch (W MC)=0.5166±0.0009
ªεmtch(Z data) = 0.489±0.005(stat)±0.003(sys)
ªεmtch(Z MC) = 0.547±0.0015
ªεmtch(W data) = 0.462±0.005(stat)±0.003(sys)
ªDefine scale factor= εmtch(Z data) / εmtch(Z MC)
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Trigger efficiency IITrigger efficiency IITrigger efficiency II
 Here are some more plots:
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PDF -IIPDF PDF --IIII
 Two prescriptions:
ªConservative

ªCTEQ: 
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E Scale and smear E Scale and smear E Scale and smear 
 Energy scale is shifted in MC to match Zee 

data, also, smearing is applied
ª Escale&smear =  Ex( 1 + scale )x( 1 + Gaus(0,smear) 

0.02±0.0040.024±0.004Smear
-0.014 ±0.002-0.019±0.002Scale

WestEast
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Recoil energy

U'II=KII(UII+CII)U =-(ET+ET) U⊥& UII
U' ⊥ =K ⊥(U ⊥ +CE)

Parallel and perpendicular difined
with respect of lepton direction U' =K*sqrt( U2 

⊥ + U2
II )

• Data and MC for different values 
of parameters were compared using 
χ2 distributions

• Value of parameter for χ2
min

used to recalculate Met and acceptance
•Appropriate values of parameters
 of 3σ shift in χ2 used for systematics
study

Evaluated in iteration

K,K ⊥ & KII C ⊥ & CII 

Scale Shift
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Recoil energy Recoil energy PerpPerp & Par& Par

Tuned

Tuned U ||No tune 

U⊥No tune 

Tuned 

Tuned 
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Recoil systematicsRecoil Recoil systematicssystematics
 Recoil syst.
ªStandard +-3 σ

ªUsing 1 σ shift: contribution to ∆A/A= 0.211%

Parallel Parallel Perpen Perpen
Scale Shift Scale Shift

Value 0.953 -0.332 0.965 0.006

0.178 0.120 0.051 0.007

0.182 0.119 0.061 0.004

                   [%]

                   [%]

Contribution to acceptance systematics:
= √(0.1822+0.1202+0.0612+0.0072) = 0.226%

∆A/A
∆A/A
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Conclusion 2004Conclusion 2004Conclusion 2004
 Work in progress:
ª 5.3.1: increase tracking 

efficiency, increase in 
candidates…

 Added one point to a 20 
years old history…more 
to come
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Track-PES matchingTrackTrack--PES matchingPES matching
 3D track found by tracking 

algorithm is extrapolated to 
PES location:

 Correction for PES 
misalignment is applied, 

W candidates Plug leg of Z CP
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TracksTracksTracks
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Tracking efficiencyTracking efficiencyTracking efficiency
 A few interesting plots: Zee CP eta study

SF: MC/data ratio of

Active Si det. Si det. turned off
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Track MatchingTrack MatchingTrack Matching

Tracks found by the different tracking algorithms
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Tracking efficiencyTracking efficiencyTracking efficiency
 We do not want to rely on MC for εtracking
ªUse Z→ee sample, measure how many plug e are 

matched (∆X,∆Y<3 cm) by a track and define
ªεtracking (Wdata) = εtracking(Zdata)x{εtracking(WMC)/εtracking(ZMC)}

Z→ee (CP):

Data:

εtracking(Zdata)=0.32

εtracking (Wdata) = 0.322±0.009(stat)

April 2004
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SF and TrackingSF and TrackingSF and Tracking

SF as a function of ϕ SF as a function of η

April 2004
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Scale Factor: SystematicsScale Factor: Scale Factor: SystematicsSystematics
 We define SF0 as the average Scale Factor
 Then we study what happens assuming that SF is a 

function of η or ET

ªWe compute the difference between the number of 
events obtained using the average SF and the number 
of events obtained using  SF function of η or ET (∆ET 
and ∆η)

ÖWe take the biggest of the two (∆ET and ∆η) divided 
by the number of events  obtained using a flat SF 
as the (fractional) systematic uncertainty due to 
the use of an average SF instead of a SF as a 
function of η or ET
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Track Matching- WenuTrack MatchingTrack Matching-- WenuWenu

Plug East Misalignement of 
~0.7cm
Marginal impact since PES 
doesn't seed any track.
Just matching with 3cm 
window

East

West

April 2004

Residual misalignment
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TRIGGERTRIGGERTRIGGER
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L1 MET15 L1 MET15 L1 MET15 

Trigger Eff for the three periods.

April 2004
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Recoil Energy:Recoil Energy:Recoil Energy: )( TT EEU +/−=
 Before tuning  After tuning…

U is decomposed into its // and ⊥ (to l direction). Then it is shifted and 
scaled.

Systematics is computed by changing shift and scale 

April 2004
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Cross SectionCross SectionCross Section

April 2004

σ =2.874±0.034(stat)±0.167(syst)±0.172(lum) nb
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