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Introduction
• Large Hadron Collider(LHC)
‣ The world’s largest
and most powerful collider.
‣ Proton-Proton collisions.
‣ running with √s = 7TeV !!

• The ATLAS experiment
‣ General purpose detector.

➡Higgs hunting.
➡New physics search.

‣ ~35pb-1 recorded in 2010.
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Physics data taking for 2011 started!!



top quark cross-section measurement
• di-lepton final state of the top quark pair production

• Easy to distinguish from background !!
1) measure the cross section precisely

➡Validate QCD at higher energy

2) can be a good b-quark source
➡b-tagging plays important role to search for Higgs/SUSY
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• Cross-section will be extracted by this formula.

➡                              (    : acceptance,     : Integrated Luminosity)

•         : the number of remaining events after all selection

•         : determined from ttbar MC sample(MC@NLO)

•         : ATLAS recoded with Good Detector Condition(35.3pb-1)

•         : Assumed background sources
➡ Drell-Yann + jets
➡ Fake leptons (mainly W+jets)
➡ Z(→ττ) + jets
➡ di-boson
➡ single top

Cross-section extraction
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σtt̄ =
Nobs −NBG

A× L A L

NBG

Estimated by 
Data-Driven method 

Estimated by Monte-Carlo

A

L

Nobs



 [GeV]TH
0 200 400 600 800 1000 1200

Ev
en

ts
 / 

40
 G

eV

0

10

20

30

40

50

60

70

80

90 !channel e+ATLAS
work in progress

-1 L = 35 pb

data
ttbar
single-top
DY+jets
diboson
fake leptons
uncertainty

 [GeV]MISS
TE

0 20 40 60 80 100 120

Ev
en

ts
 / 

4 
G

eV

0

5

10

15

20

25

30

35

40
!channel e+ATLAS

work in progress
-1 L = 35 pb

data
ttbar
single-top
DY+jets
diboson
fake leptons
uncertainty

Event selection
• Common selection for all(ee, μμ, eμ) channels
‣ #leptons == 2 && leptons are oppositely charged.
‣ At least two jets

• Channel dependent selection
‣ Missing Transverse Energy(MEt) > 30GeV
‣ |Mll(dilepton mass)- Mz| > 5GeV
(referred as Z-window cut)

‣ large Σ|Et|(so called Ht)>110GeV
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ee, μμ
channel

eμ  channel

eμ : MEt eμ : Ht



b-tagging requirement
• two b-quarks in final state
‣ Requiring at least one b-tagged jet

➡not to lose so many signals
➡reduce systematic uncertainty from b-tagging efficiency

-                                (Typical      ~ 14%)
- Larger Efficiency → Smaller Uncertainty for 

• Optimization
‣Which b-tagging algorithm is the best?
‣Which operation point is the best?
‣ Next page...
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δεb

σtt̄

δσtt̄
∝ 2(1− εb)δεb



b-tagging optimization for di-lepton analysis
• Available b-tagging algorithm in the early experiment
‣ SV0       (secondary vertex base)
‣ JetProb. (charged-track base)

• Calculate statistical significance(S/√S+B) assuming 35pb-1
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JetProb. is a preferred b-tagging algorithm!
70% efficiency point works well!
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Distributions in the Signal Region(SR)
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MEt/Ht after applying all selections but MEt/Ht

#btagged jets after applying all selections but b-tagging

SR SR SR
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BG estimation for Drell-Yann + jets
• Define Control Region(CR) and Signal Region(SR)

‣   
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Nbackground
DY = (Data(CR)−MCnonDY (CR))× MCDY(SR)

MCDY(CR)

March 17, 2011 – 12 : 17 DRAFT 42

cut tt̄
dilep

tt̄
other

s-top Z+jets W+jets diboson sum bkg S/B S√
S+B

trigger req. 179 1814 741 6.35×104 4.62×105 188 5.28×105 0.00 0.24
Jet Cleaning 179 1809 740 6.33×104 4.62×105 187 5.28×105 0.00 0.24

Non coll. BG reject 179 1809 740 6.32×104 4.61×105 187 5.27×105 0.00 0.24
Nl ≥ 2 56.1 0.96 6.90 42.7 1.95 15.3 67.9 0.82 5.03
HT 55.1 0.95 6.33 6.83 1.49 8.74 24.3 2.26 6.18

Njet ≥ 2 49.4 0.88 3.42 4.63 1.49 3.10 13.5 3.65 6.22
Nl = 2 49.3 0.86 3.42 4.53 1.49 2.77 13.0 3.77 6.24
sign req. 49.1 0.35 3.36 4.53 1.08 2.34 11.6 4.20 6.30

Trigger Match 49.1 0.35 3.36 4.53 1.08 2.34 11.6 4.20 6.30
Truth Match 49.0 0.08 3.29 4.08 0.0 2.32 9.79 5.00 6.39
b-tagging 43.1 0.05 2.52 0.74 0.0 0.40 3.73 11.5 6.29

Table 24: Expected number of selected events for the eµ channel

mass in data, where all the requirement except for missing ET and Z mass veto are applied. The raw763

number of events in the control region in data, and some physics background contributions in the control764

region expected by MC are summarized in Table 25. The sources and sizes of systematic uncertainty in765

this estimate are summarized in Table 26 and Table 27 as well as the one estimated by MC as a reference.766

There are three additional sources of uncertainties related to b-tagging, which are not considered in the767

pretag analysis. As can be seen from the Tables, the main source of uncertainty comes from the statistics768

in the data driven method, and the theoretical uncertainty of the background cross sections in the MC769

method. Using the data driven method as our default, the Drell-Yan event yields in the signal region are770

finally estimated to be 1.5+1.4−1.0 for ee channel, and 5.2
+2.4
−2.5 for µµ channel.771

The same matrix method as in the pretag analysis is also used to estimate the size of background772

caused by fake leptons. The contributions mostly come from W+jets events, where real lepton comes773

from W decay, and fake lepton from either misidentification of jet or failure of isolation of leptons in b-774

or c-jets. The estimated numbers of this type of backgrounds are 0.46 ± 0.48 for ee, 0.51 ± 0.53 for µµ,775

and 1.91+0.36−0.35 for eµ channel, respectively.776
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Figure 24: The left (right) shows the distribution of missing ET vs. dilepton mass in ee (µµ) channel after
requiring all the cuts except for the missing ET and Z mass veto themselves.
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BG estimation for Drell-Yann + jets
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Data Driven method has an advantage 
in terms of systematic uncertainty.

channel cross section

ee 165 ± 43(stat.) +30
−36(syst.) ±5(lumi.)[pb]

µµ 184 ± 32(stat.) +29
−28(syst.) ±6(lumi.)[pb]

eµ 172 ± 25(stat.) +16
−14(syst.) ±5(lumi.)[pb]

channel ee µµ
MC Data Driven MC Data Driven

Expected Yields 2.24 1.50 3.35 5.21

Uncertainty Source δNDY/NDY[%] δNDY/NDY[%] δNDY/NDY[%] δNDY/NDY[%]
Data statistics - ± 34.2 - ± 16.8
MC statistics ± 19.2 ± 47.7 ± 15.5 ± 41.4

Method - ± 17.7 - ± 9.3
Jet Energy Scale +120.6/-34.0 +63.3/- 2.3 +35.0/-18.6 + 0.0/-13.5

Jet Energy Resolusion ± 20.3 ± 25.2 ± 11.2 ± 8.0
Jet ID efficiency ± 8.9 ± 4.8 ± 5.8 ± 4.1

Lepton Energy Scale + 4.4/- 2.1 +16.9/- 0.0 + 0.0/- 3.7 + 0.0/- 5.0
Lepton Energy Resolusion + 7.7/-11.8 +12.6/-15.4 + 5.2/- 3.3 + 8.9/- 6.9

Lepton ID Efficiency ± 9.4 + 1.4/- 1.2 ± 0.7 ± 0.0
Lepton Trigger Efficiency ± 1.0 ± 0.0 ± 0.2 ± 0.1
MC Theory cross-section ± 37.5 - ± 35.0 -

b-tag efficiency ± 4.3 ± 2.2 ± 4.8 + 1.7/- 1.5
l-tag efficiency + 8.4/- 9.5 + 0.0/- 0.4 ± 10.0 + 0.9/- 1.3

Luminosity ± 3.4 - ± 3.4 -

Total Uncertainty +130.6/-61.5 +94.2/-68.3 +54.8/-46.2 +47.4/-49.2

Table 12: Expected number of DY events and systematics in the ee channel.
The b-tag, c-tag, and l-tag efficiency correspond to the contribution com-
ing from the uncertainties in b-jet, c-jet, and light jet tagging efficiencies,
respectively.
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Predicted/Observed Event Yields

11

Observed and Predicted Yields are consistent !!

March 16, 2011 – 19 : 57 DRAFT 17

Table 10: The expected and observed event yields after requiring at least one b-tagged jet and using an
optimized kinematic selection.

Process Event Yields
ee µµ eµ

Drell-Yann + jets 1.5+1.4
−1.0 5.2 ± 2.5 N/A

Z(→ ττ) + jets 0.2 ± 0.2 0.3 ± 0.2 0.7 ± 0.5
Fake leptons 0.5 ± 0.5 0.5 ± 0.5 1.9 ± 1.1
Single top 0.6 ± 0.1 1.2 ± 0.2 1.9 ± 0.4
Dibosons 0.2 ± 0.1 0.2 ± 0.1 0.4 ± 0.1

Total Predicted Backgrounds 2.9+1.5
−1.1 7.4 ± 2.6 5.0 ± 1.3

Predicted tt̄ Signal 12.1 ± 1.4 21.9+1.9
−2.2 41.4+3.5

−3.9

Total Predicted 15.0 ± 1.9 29.3 ± 3.3 46.4 +3.7
−4.1

Data 15 32 46

from single top production and has been estimated using the MC calculations described in Section 3.459

These estimates result in ∼ 15 background events and ∼ 75 events from t t̄ production, assuming a460

tt̄ production cross section of 165 pb. This is consistent with the observed yield of 93 candidate events.461

The expected S/B of this sample has increased to ∼ 4.9, reflecting a significant improvement over the462

S/B∼ 3.6 obtained with the kinematic cuts described in Section 6. Note that the expected t t̄ signal is only463

∼ 5% less than in the analysis without b-tagging.464
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Figure 6: The Emiss
T /HT distributions after b-tagging has been applied for the ee and µµ and for the

eµ channel. The expected backgrounds and tt̄ signal contributions are shown in the coloured stacked
histogram and the open histogram, respectively.

The characteristics of the resulting event sample are consistent with the background and signal esti-465

mates, as shown in Figure 6 where we plot the distributions of Emiss
T for the ee and µ+µ− channels, and466

the HT distribution for the eµ channel. A likelihood fit is performed to extract a measured t t̄ cross section467

and the results are shown in Table 11.468

Estimated BGs



cross-section extraction

• ee       : 

• μμ     : 

• eμ      :

• combined  : 

• NLO Prediction : 
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164.57+8.34
−11.33[pb] @ Mt = 172.5GeV

Consistent with theoretical prediction

σtt̄ = 163+57
−48(Stat.)+31

−27(Syst.)+8
−5(Lumi.)[pb]

σtt̄ = 185+51
−45(Stat.)+34

−21(Syst.)+8
−7(Lumi.)[pb]

σtt̄ = 162+28
−25(Stat.)+19

−14(Syst.)+7
−5(Lumi.)[pb]

σtt̄ = 171± 22(Stat.)+21
−16(Syst.)+7

−6(Lumi.)[pb]



Systematic Uncertainties
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March 17, 2011 – 07 : 36 DRAFT 50

ee µµ eµ combined
Uncertainty Source ∆σ/σ[%] ∆σ/σ[%] ∆σ/σ[%] ∆σ/σ[%]
Data Statistics +34.8/-29.3 +27.5/-24.2 +17.2/-15.6 +13.2/-12.3
Luminosity + 4.7/- 2.9 + 4.4/- 3.9 + 4.1/- 3.2 + 4.2/- 3.4
MC Statistics + 2.5/- 2.9 + 3.2/- 5.3 + 0.8/- 1.0 + 2.2/- 0.5
Lepton energy scale + 1.4/- 3.1 + 1.5/ 0.0 + 0.0/- 0.6 + 0.0/- 0.5
Lepton energy resolusion + 2.0/- 1.9 + 0.0/- 3.5 + 0.0/- 0.6 + 0.7/- 0.9
Lepton ID/Trigger Efficiency + 8.3/- 5.2 + 0.0/- 2.7 + 4.5/- 3.5 + 3.9/- 3.2
Jet energy scale + 8.1/-12.4 +10.7/- 4.5 + 4.1/- 3.4 + 5.1/- 4.8
Jet energy resolusion + 4.2/- 4.0 + 0.0/- 3.6 + 0.0/- 0.6 + 1.5/- 1.5
Drell-Yann estimation + 2.0/- 2.4 + 0.0/- 3.4 + 0.0/ 0.0 + 1.8/ 0.0
fake lepton estimation + 3.8/- 4.2 + 0.0/- 3.6 + 2.6/- 2.8 + 2.4/- 1.0
b-tag efficiency + 9.3/- 4.9 +10.1/- 5.8 + 8.2/- 5.1 + 8.3/- 5.6
l-tag efficiency + 0.8/- 0.8 + 0.0/- 3.0 + 0.6/- 0.6 + 0.5/- 0.5
Generator + 1.4/- 0.8 + 0.0/- 2.9 + 1.0/- 1.0 + 1.3/- 1.1
Parton shower modeling + 3.1/- 1.9 + 0.0/ 0.0 + 3.6/- 2.7 + 2.6/- 2.1
Initial state radiation + 1.7/- 1.1 + 0.0/- 2.9 + 0.6/- 0.6 + 0.9/- 0.9
Final state radiation + 4.8/- 2.8 + 3.9/- 3.8 + 1.2/- 1.0 + 2.2/- 1.7
Parton Distribution Function + 3.5/- 2.0 + 2.8/- 3.4 + 2.5/- 1.9 + 2.8/- 2.1
Under lying event modeling + 3.3/- 3.1 + 2.0/- 4.7 + 1.2/- 0.8 + 2.1/- 1.7
Theorical X-sec + 0.8/- 1.3 + 0.0/- 2.8 + 0.8/- 1.0 + 0.7/- 0.9
All systematics +19.3/-16.9 +19.2/-11.7 +12.6/- 9.0 +13.0/-10.0
Stat. + Syst. +39.8/-33.8 +33.5/-26.9 +21.3/-18.0 +18.6/-15.9

Table 32: The tt̄ cross-section uncertainties from the combination for the analysis with b-tagging.

Channel σ(tt̄) (pb) (stat., syst., lumi.)

b-tagged (ee) 163+57
−48
+31
−27
+8
−5

b-tagged (µµ) 185+51
−45
+34
−21
+8
−7

b-tagged (eµ) 162+28
−25
+19
−14
+7
−5

combined 171 ± 22+21
−16
+7
−6

Table 33: Summary of the cross section measurements for the analysis with b-tagging.

・measurement with 18% precision is achieved!!



Systematic Uncertainties
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ee µµ eµ combined
Uncertainty Source ∆σ/σ[%] ∆σ/σ[%] ∆σ/σ[%] ∆σ/σ[%]
Data Statistics +34.8/-29.3 +27.5/-24.2 +17.2/-15.6 +13.2/-12.3
Luminosity + 4.7/- 2.9 + 4.4/- 3.9 + 4.1/- 3.2 + 4.2/- 3.4
MC Statistics + 2.5/- 2.9 + 3.2/- 5.3 + 0.8/- 1.0 + 2.2/- 0.5
Lepton energy scale + 1.4/- 3.1 + 1.5/ 0.0 + 0.0/- 0.6 + 0.0/- 0.5
Lepton energy resolusion + 2.0/- 1.9 + 0.0/- 3.5 + 0.0/- 0.6 + 0.7/- 0.9
Lepton ID/Trigger Efficiency + 8.3/- 5.2 + 0.0/- 2.7 + 4.5/- 3.5 + 3.9/- 3.2
Jet energy scale + 8.1/-12.4 +10.7/- 4.5 + 4.1/- 3.4 + 5.1/- 4.8
Jet energy resolusion + 4.2/- 4.0 + 0.0/- 3.6 + 0.0/- 0.6 + 1.5/- 1.5
Drell-Yann estimation + 2.0/- 2.4 + 0.0/- 3.4 + 0.0/ 0.0 + 1.8/ 0.0
fake lepton estimation + 3.8/- 4.2 + 0.0/- 3.6 + 2.6/- 2.8 + 2.4/- 1.0
b-tag efficiency + 9.3/- 4.9 +10.1/- 5.8 + 8.2/- 5.1 + 8.3/- 5.6
l-tag efficiency + 0.8/- 0.8 + 0.0/- 3.0 + 0.6/- 0.6 + 0.5/- 0.5
Generator + 1.4/- 0.8 + 0.0/- 2.9 + 1.0/- 1.0 + 1.3/- 1.1
Parton shower modeling + 3.1/- 1.9 + 0.0/ 0.0 + 3.6/- 2.7 + 2.6/- 2.1
Initial state radiation + 1.7/- 1.1 + 0.0/- 2.9 + 0.6/- 0.6 + 0.9/- 0.9
Final state radiation + 4.8/- 2.8 + 3.9/- 3.8 + 1.2/- 1.0 + 2.2/- 1.7
Parton Distribution Function + 3.5/- 2.0 + 2.8/- 3.4 + 2.5/- 1.9 + 2.8/- 2.1
Under lying event modeling + 3.3/- 3.1 + 2.0/- 4.7 + 1.2/- 0.8 + 2.1/- 1.7
Theorical X-sec + 0.8/- 1.3 + 0.0/- 2.8 + 0.8/- 1.0 + 0.7/- 0.9
All systematics +19.3/-16.9 +19.2/-11.7 +12.6/- 9.0 +13.0/-10.0
Stat. + Syst. +39.8/-33.8 +33.5/-26.9 +21.3/-18.0 +18.6/-15.9

Table 32: The tt̄ cross-section uncertainties from the combination for the analysis with b-tagging.

Channel σ(tt̄) (pb) (stat., syst., lumi.)

b-tagged (ee) 163+57
−48
+31
−27
+8
−5

b-tagged (µµ) 185+51
−45
+34
−21
+8
−7

b-tagged (eµ) 162+28
−25
+19
−14
+7
−5

combined 171 ± 22+21
−16
+7
−6

Table 33: Summary of the cross section measurements for the analysis with b-tagging.

・measurement with 18% precision is achieved!!
  → Thanks to small uncertainty from b-tag efficiency

(     ~ 14%)δεbδσtt̄
∝ 2(1− εb)δεb

when εb = 50%→ δσtt̄
∝ 1.0× δεb

when εb = 70%→ δσtt̄
∝ 0.6× δεb (this analysis)



Conclusions

•measurement of ttbar cross-section with b-tagging@35pb-1
‣ b-tagging : 70% efficiency point

•measured Cross-Section is consistent with NLO prediction
‣ combined result :
                                                                (ATLAS Preliminary)

‣ NLO predicted   :

15

σtt̄ = 171± 22(Stat.)+21
−16(Syst.)+7

−6(Lumi.)[pb]

164.57+8.34
−11.33[pb] @ Mt = 172.5GeVσtt̄ =

measurement with 18% precision is achieved !!
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Object Definition(detail)
• Electrons

‣ “Tight” electron with track matching
‣ Pt > 20GeV, 0<|eta|<1.37 or 1.52<|eta|<2.47

• Muons
‣ Reconstructed with MuID algorithm, pass “Tight” requirement
‣ Requirement on number of hits in ID, cosmic rejection
‣ Pt>20GeV, |eta| < 2.5
‣ Remove muons overlapping with selected jet(Pt>20GeV) within dR<0.4

• Jets
‣ AntiKt 0.4 TopoCluster jets with EM+JES calibration
‣ Pt>20GeV, |eta| < 2.5
‣ Remove a jet overlapping with selected electron within dR<0.2

17



b-tagging algorithm
• SV0 : Secondary Vertex(SV) base
‣ Distance between Primary Vertex and Secondary Vertex ~ Lxy
‣ discriminant : Lxy/σLxy

• JetProb : charged track base

18
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Figure 10: Jet b-tagging weight distribution for b-jets, c-jets and purified light jets. The left plot is for
the IP2D tagging algorithm. The right plot corresponds to the IP3D+SV1 tagging algorithm.

Currently in the b-tagging software, two track categories are used: the Shared tracks (tracks with
shared hits), and the complementary subset of tracks called Good tracks. These track categories are only
used for the time being for the IP1D, IP2D and IP3D tagging algorithms.

4.2 Other spatial algorithms

The spatial algorithms based on likelihood ratios require an a-priori knowledge of the properties of both
b-jets and light jets. Methods to measure them in data are being devised for the b-jets [8, 9] but will
require at least about 100 pb−1. In addition, there is no clear way to extract a pure enough sample of
light jets, and Monte Carlo simulation will probably have to be used once a thorough validation against
data has been performed. A few other spatial tagging algorithms, less powerful, are therefore developed,
which have less reliance on Monte Carlo and are expected to be easier and faster to commission with the
first real data.
The simplest approach that could be used, at least at the beginning, is the counting of tracks with

large impact parameter or large impact parameter significance. Requiring a few of these tracks provides
a sample enriched in b-jets. The performance of such a tagging algorithm is not discussed in this note
because it is not yet fully implemented in ATLAS. Such a simple tagger may also be very useful at the
trigger level.
Another approach is to combine the impact parameter of all the tracks in the jet. JetProb is an imple-

mentation of the ALEPH tagging algorithm [14], used extensively at LEP and later at the Tevatron. The
signed impact parameter significance d0/!d0 of each selected track in the jet is compared to a resolution
function R for prompt tracks, in order to measure the probability that the track i originates from the
primary vertex (Figure 11(a)):

Pi =
∫ −|di0/!

i
d0
|

−!
R(x)dx (3)

The resolution function can be measured in data using the negative side of the signed impact param-
eter distribution (cf. section 6.5.1), assuming there is no contribution from heavy-flavour particles which
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is not strictly true.
The individual probability of each of the N tracks associated to the jet are then combined to obtain a

jet probabilityP jet which discriminates b-jets against light jets (Figure 11(b)):

P jet = P0
N−1
!
j=0

(−lnP0) j

j! (4)

where

P0 =
N

"
i=1

P ′
i and

�
P ′

i = Pi
2 if di0 > 0

P ′
i =

�
1− Pi

2

�
if di0 < 0 (5)
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Figure 11: Distributions of the probability of compatibility with the primary vertex for individual tracks
(left plot) and for all tracks in the jet (right plot) as defined for JetProb. The cases of b-jets (red plain),
c-jets (green dashed) and light jets (blue dotted line) are shown.

4.3 Soft lepton algorithms

Soft lepton tagging relies on the semi-leptonic decays of bottom and charm hadrons. Therefore it is in-
trinsically limited by the branching ratios to leptons: at most 21% [15] of b-jets will contain a soft lepton
of a given flavour, including cascade decays of bottom to charm hadrons. However, tagging algorithms
based on soft leptons exhibit very high purity and low correlations with the track-based tagging algo-
rithms, which is very important for checking and cross-calibrating performance in data (see for instance
Ref. [8]).

4.3.1 Soft muons

Once a reconstructed muon is associated to a jet as explained briefly in Section 2.4, a likelihood permits
to discriminate light jets from b-jets. The algorithm and its performance are detailed in Ref. [5] and will
not be discussed further in this note. To summarize, a light jet rejection of about 300 can be achieved for
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rithms, which is very important for checking and cross-calibrating performance in data (see for instance
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to discriminate light jets from b-jets. The algorithm and its performance are detailed in Ref. [5] and will
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:  Likelihood of tracks comes from PV

:  Likelihood of jet is light-flavor jet

(where                                                           )

PV

SV

b-h
adr

onLxy



b-tagging optimization(detail)
• Calculate statistical significance(S/√S+B) assuming 35pb-1
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analysis with SV0 shows higher significance
 → SV0 has good performance in terms of a light-flavor jet rejection
　  (JetProb@50% efficiency : Light jet rejection factor(1/Eff.) ~ 130
           SV0@50% efficiency : Light jet rejection factor(1/Eff.) ~ 270)



MEt/Ht/Z-window optimization
• To maximize statistical significance with JetProb. 70% Efficiency point.
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Preferred Cut Values 
  ・MEt>30GeV(ee, μμ), Ht>110GeV(eμ)

     ・Z-window = 5GeV(ee, μμ)
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BG Estimation for Fake Leptons
• Matrix Method
‣ Define “Tight/Loose” lepton

➡count the remaining #events(NTT, NLL etc.)
‣ Measure a probability “r” and “f”

➡“r(f)” : the probability of a real(fake) lepton which pass the    
          “loose” criteria will pass the “tight” criteria.
- “r” : measured in Z→ll process
- “f” : measured in QCD process

‣ Solve this matrix...

• Results : ee   : 0.5 ± 0.5 (Stat.+Syst.)
               μμ   : 0.5 ± 0.5 (Stat.+Syst.)
             eμ  : 1.9 ± 1.1 (Stat.+Syst.)

21

March 16, 2011 – 20 : 14 DRAFT 15

coming from QCD multi-jet production. For muons the dominant fake-lepton mechanism is a semi-412

leptonic decay of a heavy-flavor hadron, where a muon survives the isolation requirement. In the case413

of electrons, the three mechanisms are heavy flavor decay, light flavor jets with a leading π0 overlapping414

with a charged particle, and conversion of photons. Here ‘fake’ is used to mean both non-prompt leptons415

and π0s, conversions, etc. misidentified as leptons taken together.416

A method called ‘matrix method’ is used here to estimate the fraction of the dilepton sample that417

comes from fake leptons. A looser lepton selection is defined, and then it is used to count the number of418

observed dilepton events with zero, one or two tight (‘T’) leptons together with two, one or zero loose419

(‘L’) leptons, respectively (NLL, NT L and NLT , NTT , respectively). Then two probabilities are defined,420

r ( f ), to be the probability that real (fake) leptons that pass a loose identification criteria, will also pass421

a tight criteria. The tight criteria are always the lepton definitions used in the analysis. Using r and f ,422

linear expressions are then obtained for the observed yields as a function of the number or events with423

zero, one and two real leptons together with two, one and zero fake leptons, respectively (NFF , NFR and424

NRF, NRR, respectively).425

The method explicitly accounts for the presence of events with two fake leptons. These linear expres-426

sions form a matrix that is inverted in order to extract the real and fake content of the observed dilepton427

event sample:428




NTT
NT L
NLT
NLL



=




rr r f f r f f
r(1 − r) r(1 − f ) f (1 − r) f (1 − f )
(1 − r)r (1 − r) f (1 − f )r (1 − f ) f

(1 − r)(1 − r) (1 − r)(1 − f ) (1 − f )(1 − r) (1 − f )(1 − f )







NRR
NRF
NFR
NFF




(3)

Loose muons defined in the same way as tight muons, except that the calorimeter and track isolation429

is relaxed.430

Loose electrons must fulfill the tight electron cuts except for the ‘tight’ ID cut, which is replaced by431

the ‘medium’ plus b-layer hit requirement cuts.432

The efficiency for a real loose lepton to pass the tight criteria, r, is measured in data in a sample of433

Z → "" events as a function of pT and η. The corresponding efficiency for fake leptons, f , is measured in434

data in events with a single loose lepton, which are dominated by QCD di-jet production. Contributions435

from real leptons in the fake lepton control region are subtracted using a matrix method assisted by436

Monte Carlo. The matrix method used here is described in detail in [28], for more general information437

see also [42].438

The dominant systematic uncertainty on the fake lepton background, as determined by the matrix439

method, comes from the possible difference in the mixture of processes where the efficiency for fake440

leptons f is measured, dijet events and, where it is applied, the signal region. For electrons, a larger441

contribution is expected from heavy flavor events in the signal region due to t t̄ → "νb j jb events. This442

effect is accounted for by measuring the dependence of the efficiency for fake leptons on the heavy-443

flavor fraction and calculating a corrected efficiency for fake leptons based on the expected heavy-flavor444

fraction in the signal region in simulation studies.445

The results of the matrix method for the non-Z background are shown in Table 6 for 0,1 and ≥ 2 jet446

bins.447

Fake lepton backgrounds cross-check with the muon-and-candidate method The cross-check comes448

from comparing results of the matrix method with those of another method. The method described here is449

an extension of the ’Muon and Track Weighting Method’ documented in [42] and is detailed in full [28].450

The fake rate for leptons is measured in the inclusive W → µν sample. Isolated tracks are used as451

muon candidates and loose electrons are used as electron candidates and the rate at which these candi-452

dates are identified as leptons is measured in the data. This rate is then applied to the sample containing453

contribution from 
fake leptons



Event Selection Criteria
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Figure 22: Statistical significance as a function of b-tag operation point with JetProb with the different
requirement on missing ET for ee and µµ channel, and HT for eµ channel. The Z mass veto of ±5 GeV
is used in the ee and µµ channel.
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Figure 23: Statistical significance as a function of b-tag operation point with JetProb with the different
requirement on dilepton mass veto. Here the Emiss

T cut is on 30 GeV.

cut ee µµ eµ
no cut

trigger EF e15 medium EF mu13 tight
EF e15 medium or
EF mu13 tight

Jet Cleaning not include bad jets
Non collision BG rejection include vertex with #tracks>4

electron/muon overlap reject event if electron and muon share a track
lepton req. Ne ≥ 2 Nµ ≥ 2 Nµ + Ne ≥ 2
Emiss

T /HT Emiss
T > 30 GeV HT >110 GeV

jet req. at least 2jets
lepton req. exactly 2 selected leptons
sign req. opposite sign

Z-mass veto 5 GeV -
Trigger Match match lepton trigger ∆R < 0.15
Truth Match match from MCTruthClassifier to lepton from Wboson

b-tagging at least one b-tagged jet (-log(JetProb.)>2.05)

Table 21: The list of event selection criteria.



MEt vs Invariant Mass
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Distributions in Control Region
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CR : event with 1 or 2 jet 
       after applying all selection but #jet requirement
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Measured cross-section
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Figure 28: Summary of all dilepton cross sections measurements (error bars indicate the statistical and
the total uncertainty) and comparison with the theoretical prediction (error band) at approx. NNLO [24].

my results



Measured cross-section(more)
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Figure 8: The σtt̄ cross section measurements presented in the note. The bold-faced measurements

are the results of the two baseline analyses. The yellow bar reflects the uncertainty on the theoretical

prediction, which includes some of the NNLO corrections supplemented by soft gluon resummation at

the next-to-next-to-leading-logarithm accuracy.

We have summarized measurements of the tt̄ production cross section in dilepton final states pro-

duced in pp collisions at the Large Hadron Collider.

The baseline analysis that performs a kinematic selection and counts the number of events in the ee,

µµ and eµ final states results in

σtt̄ = 173 ± 22(stat.)+18
−16(syst.)+8

−7(lum.) pb.

Extensions of the counting method presented in the note are an analysis in which the σtt̄ measurement

is normalized using the Z cross section to reduce systematic uncertainties, and an inclusive dilepton

analysis.

We also performed a b-tagging baseline counting measurement requiring at least one b-tagged jet

with less restrictive kinematic requirements. This results in a cross section measurement of

σtt̄ = 171 ± 22(stat.)+21
−16(syst.)+7

−6(lum.) pb.

This measurement was cross-checked with a complementary analysis that simultaneously measured σtt̄

and the b-tagging efficiency.

The σtt̄ cross section measurements presented in the note are summarized in Figure 8. We note that

these measurements are strongly correlated as they are based on the same data sample. They are in very

good agreement with the expected results from SM tt̄ production predictions.
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Systematic uncertainty on the Acceptance
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Process ee µµ eµ
Acceptance 0.124 0.224 0.213

Uncertainty Source ∆A/A[%] ∆A/A[%] ∆A/A[%]
Jet ES +4.4/-5.6 +4.3/-5.1 ± 3.1
Jet ER ± 0.8 ± 0.6 ± 0.1

Jet ID SF ± 3.7 ± 3.8 ± 3.4
El. ES +0.9/-1.2 ± 0.0 +0.2/-0.1
El. ER +0.0/-0.1 ± 0.0 ± 0.0

El. ID SF ± 5.9 ± 0.0 ± 3.7
El. Trig. SF ± 1.0 ± 0.0 ± 0.5

Mu. ES ± 0.0 +0.1/-0.2 ± 0.0
Mu. ER (ID) ± 0.0 ± 0.1 ± 0.0
Mu. ER (MS) ± 0.0 ± 0.1 ± 0.0

Mu. ID SF ± 0.0 ± 0.1 ± 0.4
Mu. Trig SF ± 0.0 ± 0.3 ± 0.0

b-tag efficiency +5.3/-6.6 +5.3/-6.6 +5.3/-6.6
l-tag efficiency ± 0.2 ± 0.2 ± 0.3

Generator ± 1.1 ± 1.6 ± 0.9
Parton shower ± 2.4 ± 0.0 ± 3.2

ISR/FSR ± 3.7 ± 3.3 ± 1.0
PDF ± 2.7 ± 2.0 ± 2.2

Pile-up ± 0.6 ± 1.7 ± 1.5
Total ± 11.9 +9.0/-10.2 ± 9.5

Table 29: Systematic uncertainty on the tt̄ acceptance.



Systematic uncertainty on the BG estimation
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Process ee µµ eµ
Total Background 2.93 7.37 4.98

Uncertainty Source ∆N/N[%] ∆N/N[%] ∆N/N[%]
MC Statistics ± 9.9 ± 13.0 ± 7.2

Jet ES +36.6/- 3.6 + 0.0/- 7.7 +7.3/-4.0
Jet ER ± 12.4 ± 5.9 ± 1.8

Jet ID SF ± 3.8 ± 5.0 ± 2.1
El. ES + 8.9/- 0.0 ± 0.0 +0.1/-0.0
El. ER + 7.3/- 8.8 ± 0.0 +0.1/-0.0

El. ID SF + 1.4/- 1.3 ± 0.0 ± 2.3
El. Trig. SF ± 0.3 ± 0.0 ± 0.3

Mu. ES ± 0.0 + 0.0/- 3.6 ± 0.0
Mu. ER (ID) ± 0.0 + 0.0/- 4.0 ± 0.0
Mu. ER (MS) ± 0.0 + 6.5/- 3.0 +1.8/-0.0

Mu. ID SF ± 0.0 ± 0.2 ± 0.2
Mu. Trig SF ± 0.0 ± 0.0 ± 0.0

b-tag efficiency + 0.7/- 0.9 + 0.6/- 0.5 ± 4.5
l-tag efficiency + 0.1/- 0.2 + 1.2/- 1.6 ± 2.4
DY estimation ± 9.1 ± 6.6 -

fake lepton estimation ± 16.4 ± 7.2 ± 22.3
diboson normalization + 2.0/-1.3 ± 0.5 ± 1.6

single top normalization + 4.4/-3.8 ± 2.8 + ± 6.9
Pile-up ± 10.8 ± 4.4 ± 4.3
Total +47.3/-29.0 ± 20.6 ± 26.3

Table 30: Systematic uncertainty on the total background yield prediction.


