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Z →ττ analysis status
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Outline

• The Z → ττ visible mass analysis:
 Analysis motivation and overview
 Results for MC analysis at 7 TeV with benchmark selection

• Data/MC comparison for loosened selection
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Z → ττ → lepton τhad

Motivation:
• Control samples for channels containing τ
• Tau-jet scale determination
• Tau-jet ID efficiency determination
• Missing ET scale determination
• Measurement of the cross section pp → Z x BR(Z→ττ→ lτhad )

Signature:
• Lepton
• Tau decaying to hadrons
• Missing ET due to three neutrinos
produced in the tau decays
• Lepton and tau jet with opposite sign
• ET miss pointing in between the phi-
directions of the decay products
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Z→ττ  full visible mass analysis

MC analysis (aimed at a ∼ 100 pb-1 scenario)

Visible mass analysis:
• Statistic preferred to purity
• No cuts on ET Miss (the analysis must be done before th ET Miss scale is set)
• Reconstruct the invariant mass only of the visible decay products (visible mass) →
depends on the tau-jet scale and not on the ET Miss scale

The main motivation for this analysis is the tau-jet scale determination

Analysis performed using a private C++ analysis running on D3PDs validated against the
Benchmark ZToTwoTaus Package

 Too low statistics for QCD MC samples → Isolation and TauID factorization used

Official MC D3PD samples from:
group10.perf-tau.mc09_7TeV_r1250_fromAOD.00-05-00.tauPerfD3PD/
group10.perf-tau.mc09_7TeV_r1250_fromESD.00-05-00.tauPerfD3PD/
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Overview: trigger and lepton selection
Trigger: mu10 or e_10_medium are required.
Slightly different from the Benchmark Analysis: no matching of the lepton to the trigger is
required

ELECTRONS
Preselection:
• pT > 10 GeV

• η < 2.5
• author 1 or 3
• medium ID
Overlap Removal:
• with overlap removed muons and
preselected electrons
• cone 0.2
Selection:
• pT > 15 GeV
• tight ID
• Isolation:

 EtCone30/ET < 0.12
 NuCone40 = 0

• highest pT

MUONS
Preselection:
• pT  > 10 GeV
• η < 2.5
• BestMatch
•  author == 5 || author == 6
•  isCombined
• charge == 1
• match χ2/ndof < 8
Overlap Removal:
• with overlap removed muons and
preselected electrons
•cone 0.2
Selection:
• pT > 15 GeV
• Isolation:

 EtCone40/ET < 0.1
 NuCone40 = 0

•highets pT

Against QCD

Against QCD
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Overview: tau-jet selection

Preselection

• ET > 15 GeV
• η < 2.5
• electron veto medium == 0
• muon veto == 0
• author == 3 (both calo and track seeded)
• CutSafeTight ID

Overlap Removal
• with olr muons, olr electrons, preselected taus
• cone 0.4

Against
backgrounds
with no taus
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Overview: further cuts

Maximum lepton pT < 40 GeV

cos(Δφ(lep, Et miss ))+ cos(Δφ(τjet , Et miss ))  < -0.15

mT (lep, Et miss ) < 50 GeV

Dilepton Veto

Unit charge

1/3 prong tau

Tau opposite sign with respect to the lepton

Visible Mass in [35, 75] GeV

Against W

Against Z

Against jet
fake taus
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100 pb-1 scenario: signal and electroweak backgrounds

10 TeV 7 TeV

Expected at VisMass (VisMass 2), in 100 pb-1: 968 (914) signal events, S/B = 2.95 (4.85)
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100 pb-1 scenario: QCD muon backgrounds and ttbar

• Background due to Jxmu in the
VisMass (VisMass2) window:
68% (50 %) of the signal.
• The main difference wrt 10
TeV comes from isolation
• Problems related to the
factorization procedure?
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Comparison of muon isolation variables: 10 TeV and 7 TeV

7 TeV
10 TeV

from the
note

• NuCone40 behaves in a similar way at 7 TeV and 10 TeV
• EtCone40 shows differences → needs to be investigated further
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100 pb-1 scenario: QCD muon backgrounds

 Change the isolation cut for muons
• old: nucone40 = 0, etcone40/Et < 0.1
• new nucone40 = 0, etcone40/Et < 0.05

new
old

Backgrond due to JXmu reduced from
68% of the signal to  43%
Price: lost  2.6% of the signal
A proper optimization is needed

J1mu

Z →ττ
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100 pb-1 scenario: QCD electron background

• Very high background contribution
• Comparisons to filtered JXe at 10 TeV not trivial → Jxe might be helpful
• There are real W and Z in JF17. The filter asks for electromagnetic clusters so may
enhance their contribution. It is necessary to subtract events with real W and Z
(running at the moment, we will update)
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Summary

Summary at 7 TeV in 100 pb-1

•  Signal  at VisMass (VisMass 2): 968 (914) events,
 with isolation improvement: 943 (889) events

• W at VisMass (VisMass 2): 168 (121) events
• Z at VisMass (VisMass 2): 157 (65) events
• ttbar at VisMass (VisMass 2): 10 (5.3) events
• Qcd Jmu at VisMass (VisMass 2): 662 (464) events

with isolation improvement: 405 (279) → needs optimization
• JF17 at VisMass (VisMass 2): 1940 (1320) events → to be investigated further
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Early data comparisons
Data:
Muon channel → MuonSWBeam-SGLMU
group10.perf-tau.data10_7TeV.MuonswBeam-DESD_SGLMU .00-05-00.tauPerfD3PD/
Available runs: 152221, 152214, 152345, 152409, 152441, 152777, 152844, 152845, 152878, 152994 , 153136,
153159, 153200, 153565, 152878, 152994, 154810, 154813, 154817, 154822, 155160, 155112

Electron channel → L1CaloEM-SGLEL and L1Calo-SGLEL
group10.perf-tau.data10_7TeV.L1CaloEM-DESD_SGLEL.00-05-00.tauPerfD3PD/
group10.perf-tau.data10_7TeV.L1Calo-DESD_SGLEL .00-05-00.tauPerfD3PD/
Available runs: 152166, 152221, 152214, 152345, 152409, 152508,152777, 152844, 152845, 152878, 152994,
153134, 153136, 153159, 153200, 153565, 152878, 152994, 155112

Luminosity: Muon channel → 5.1 nb-1, Electron channel → 4.9 nb-1

no signal events expected with this lumi

MC:
• ESDs e468_s765_s767_r1250 (r1251 for QCD)
group10.perf-tau.mc09_7TeV_r1250_fromESD.00-05-00.tauPerfD3PD/

• Muon channel:  J0-J3 muon filtered, W → μν, W → τν, Z → μμ, Z →ττ
• Electron channel:  J0- J3, W → eν, W → τν, Z → ee, Z →ττ

• Use MetRefFinal
• All plots normalized to entries of data and MC weighted by cross section
• Run with C++ analysis code, fully validated against Benchmark Analysis
• Looser object selection (details later) and no lepton isolation
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GRL

MUON CHANNEL

muon CP + tau CP  (period A and B)
find r 153565+ and dq atlgl
LBSUMM#DetStatus-v02-pass1
g and lhc stablebeams true and ptag
data10_7TeV and mag s and mag t > 20000
and dq cp_mu_mmuidcb LBSUMM#DetStatus-
v02-pass1 g and dq cp_mu_mstaco
LBSUMM#DetStatus-v02-pass1 g and dq
cp_met_met LBSUMM#DetStatus-v02-pass1 y+
and dq tigb LBSUMM#DetStatus-v02-pass1 g
and dq cp_tau y+ and dq taub y+

ELECTRON CHANNEL

egamma CP + tau CP

see  egamma sharepoint:
https://espace.cern.ch/atlas-egamma/egamma-
2010/Lists/DQ%20%20GRLB/DispForm.aspx?ID
=24
https://espace.cern.ch/atlas-egamma/egamma-
2010/Lists/DQ%20%20GRLB/DispForm.aspx?ID
=23

and dq cp_tau y+ and dq taub y+

+ EtMiss requirments (from period A)
find run 152166+ and partition ATLAS and db DATA and lhc stablebeams T and st physics_MinBias and
ptag data10_7TeV and dq ATLGL      SHIFTOFL#HEAD  g and dq atltor     SHIFTOFL#HEAD  g and dq
atlsol     SHIFTOFL#HEAD  g and dq pix        SHIFTOFL#HEAD  g and dq sct        SHIFTOFL#HEAD  g
and dq trtb,trte  SHIFTOFL#HEAD  y+ and dq CP_TRACKING    SHIFTOFL#HEAD  y+ and dq
CP_MET         SHIFTOFL#HEAD  y+ and dq CP_JET_JETEC   SHIFTOFL#HEAD  y+ and dq
CP_JET_JETEA   SHIFTOFL#HEAD  y+ and dq CP_JET_JETB    SHIFTOFL#HEAD  y+ and dq
CP_JET_JETFC   SHIFTOFL#HEAD  y+ and dq CP_JET_JETFA   SHIFTOFL#HEAD  y+
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Collision Candidates, Trigger and Cleaning

• Collision Candidates:
 BCID (run dependent)
 primary vertex (type == 1)
 at least 4 tracks associated to the primary vertex

• Jet - EtMiss Cleaning:
  exclusion of events with jets (at em-scale and pT > 10 GeV) satisfying one
of these conditions (bad jets):

 n90 <= 5 && hecFrac > 0.8
 quality > 0.8 && emfrac > 0.95
 fabs(timing) > 50 ns

 Checked the effect on a Z→ττ MC sample:  < 0.01 % of taus removed by
cleaning

• Trigger:
 Muon channel: L1_MU0
 Electron channel: L1_EM2
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Lepton Selection

Lepton selection from WZ observation selection

ELECTRONS
Preselection:
• pT > 10 GeV

• η < 2.47, no crack region (1.37 < η < 1.52)
• author 1 or 3
• loose ID
• no Egamma Fiducial cuts (still under
discussion)

Overlap Removal:
• with overlap removed muons and
preselected electrons
• cone 0.2

Selection:
• no isolation requirement
• highest pT (no tighter pT cuts applied)
•  medium ID
• tight isEM not applied, looking for
candidates with tight robust

MUONS
Preselection:
• Only staco muons in D3PDs
• pT > 10 GeV
• spectrometer pt > 10 GeV
• |z - z0_pv| < 10 mm
• eta < 2.4
• isCombined
• ptcone40/pT < 0.1
• no author, match quality, charge
requirements

Overlap Removal:
• with overlap removed muons and
preselected electrons
•cone 0.2

Selection:
• no other isolation requirement
• highets pT (no tighter pT cuts applied)
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Selected Leptons

MUON CHANNEL

ELECTRON CHANNEL

Pt Eta

Phi

Pt Eta

Phi



31-05-2010Z → ττ analysis status 19

Isolation variables

MUON CHANNEL

ELECTRON CHANNEL

etcone40/Et

etcone30/Et

nucone40

nucone40
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Tau Selection

Preselection

• ET > 15 GeV
• η < 2.5
• author == 3
• leading track pT > 6 GeV
• TauSafeMedium ID
• No electron or muon veto

Overlap Removal
• with olr muons, olr electrons, preselected taus
• cone 0.4
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Tau Jets in our selection (lepton selected + tau-jet selected)

MUON CHANNEL

ELECTRON CHANNEL

Pt Charge

Pt Charge

NumTrack

NumTrack



31-05-2010Z → ττ analysis status 22

Cut variables at HasTauJet  (electron channel)

SumCosDeltaPhi

at SCDP

TransMass

VisMass DeltaPhi EtMiss

Charge
product
(lepton, tau)
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Cut variables at HasTauJet  (muon channel)

SumCosDeltaPhi

at SCDP
TransMass

VisMass DeltaPhi EtMiss

Charge
product
(lepton, tau)
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Events passing the selection

Electron channel:
26 events surviving the full selection. 
Luminosity = 4.9 nb-1

VisMass at VisMass,
muon channel

VisMass at VisMass,
electron channel

Muon channel:
6 events surviving in the muon channel.
 Luminisity = 5.1 nb-1

Signal events expected: 
∼  0.05 events expected from the benchmark analysis 
∼  0.17 events expected for the loosened analysis
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Summary

• The baseline selection for the Z→ ττ analysis in early data is set up 
• The agreement with MC seems nice, more data statistics is needed 
• All of the events passing the present selection are clearly background 
• Updating continuosly with new data
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Backup



31-05-2010Z → ττ analysis status 27

QCD backgrounds: need to factorize
Raw events: too few events surviving the whole cutflow

It is necessary to artificially increase the size of the dataset

Factorization of the two hardest cuts against qcd: lepton isolation and TauID
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QCD background: isolation factorization
Instead of cutting on the isolation variables consider a looser isolation cut
MUONS    tigh isolation: nucone40 = 0, etcone40/pt < 0.1

 loose isolation: nucone40 < 3, etcone40/pt < 0.2
ELECTRONS tight isolation nucone40 = 0, etcone30/pt < 0.12

     loose isolation; nucone40 <3,  etcone30/pt < 0.2

Weight the events passing the loose isolation cut with the ratio of events passing the tight isolation
cut over events passing the loose isolation cut in bins of pT

Muons
in Jxmu

Electrons
in JF17

The validity of this approach depends on two assumptions:
• No dependence of the fake rate on the cuts before isolation (trigger requirement could be a
problem?)
• No correlations between the isolation variables and other variables used further in the cut flow
(confirmed in Benchmark analysis at 10 TeV)
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QCD background: TauID factorization

Same idea as the isolation factorization:

Tau Selection no ID:
• ET > 15 GeV
• |η| < 2.5

Tau Selection ID:
• electron veto medium == 0
• muon_veto == 0
• author == 3
• TauID (CutSafeTight)

Since the nature of jets (light or heavy flavour
quarks, gluon jets) can possibly affect how
jets fake tau, the presence of a selected
lepton in the event is required as well.

Jxmu

JF17
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Efficiencies wrt generated events, 7 TeV r1250(1)
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Efficiencies wrt previous cut, 7 TeV r1250(1)
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Acceptance tables old reprocessing vs 10 TeV

Cross section [pb] Efficiency wrt previous cut Efficiency wrt Generated 
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Acceptance tables old reprocessing vs 10 TeV

C
ross section [pb] 

Efficiency w
rt previous cut 
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Acceptance tables old reprocessing vs 10 TeV

C
ross section [pb] 

Efficiency w
rt previous cut 
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Qcd  at 10 TeV

C
ross section [pb] 

Efficiency w
rt previous cut 


