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Outline

« Importance of measuring top quark cross-section.

« Cross section measurements:
« Lepton + Jets without using b-tagging cross-section measurements.
« Lepton + Jets using b-tagging cross-section measurements.
« Fully Hadronic cross-section measurements.

« Summary and Conclusions.
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Importance of measuring top quark pair cross-section

Cross-section measurements represent a unique test of perturbative QCD predictions.

Comparing cross-section measurements in all different channels can give constraints on
physics beyond the SM.

Ttbar is a dominant background for several new physics searches such as SUSY.
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Lepton plus jets final state
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Event selection

ATLAS Electron Muon
Trigger pT> 20 GeV pr> 18 GeV
Jets Anti-Kt 0.4, pr> 20 GeV, |n| < 2.5,
AR(jet, electron) < 0.2
Er> 25 GeV, < 2.5,
Electron ! n
Er (cone 0.2) < 3.5 GeV
pr> 20 GeV, |n|<2.1,
Muon Et (cone 0.3) < 4 GeV & P1 (cone 0.3) < 4
GeV, AR(muon,jet (pr>20 GeV)) < 0.4
Missing Er > 35 GeV > 25 GeV
MT(Wiep) > 25 GeV Er + mr1(Wiep)> 60 GeV

mr(W) = \/QplTp%(l — cos(¢p! — ¢pv))
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CMS Electron Muon
Trigger pT> 22 GeV pr> 15 GeV
Jet Anti-Kt 0.5, pr> 30 GeV, |n| < 2.4
€15 AR(jet, muon || electron) < 0.3
Electron Er>30GeV, |n|< 2.5
|reI(C0ne 03) <0.1
Muon pr> 20 GeV, |n|<2.1,
u
lrel (cone 0.3) < 0.05
L. no cut on missing Er as is used in the
Missing Er

likelihood

Irel — (Icharged + Ineutral + Iphoton)/pT




QCD multi-jet background model

ATLAS

proton - (anti)proton cross sections

QCD multi-jet background is derived from data:

10° L 10°
10’ E Tevétron LHC 3 10’
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Profile likelihood

e Most of the measurements presented are dominated by systematic
uncertainties that need a more complex treatment than a simple likelihood fit.

 Profile likelihood has the advantage that many systematic uncertainties are
measured in situ and scale inversely with the integrated luminosity.

« Data can potentially constrain the magnitude of the systematic and reduce
their impact on the overall precision of the measurement.

Nbins NSyst
—21n L(kttv kW—I—]GtSa (52) X —2 Z n; In Wi — Wi + Z ()42
1=1 71=1
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Measurement of the ttbar production cross-section in the
lepton plus jets untagged final state

Untagged analyses avoid large sources of systematic uncertainties
(b-jet tagging and HF fractions) but have worse S/B.
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Single Lepton Untagged ATLAS 0.7 fb1

Using the ATLAS common selection (p. 5) :
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Good agreement between data/mc is achieved.
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Single Lepton Untagged
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Single Lepton Untagged ATLAS 0.7 fb
Uncertainty up (pb) down (pb) up (%) down (%)
Statistical 3.9 -39 2.2 -2.2
» 2400 L Detector simulation
‘GE> ATLAS Preliminary - Data 2011, Vs =7 TeV — Jets 32 —43 1.8 24
2 2000 JLdt=0.70 fo- W B QCD Multijet = Muon 4.1 4.1 23 -23
O W+Jets B Other EW 3 Electron 2.7 -3.0 1.5 -1.7
1 600 _: Mmiss . N ] )
+ Jets e + Jets 3 ER* 2.0 -1.6 1.1 -0.9
1200 H 3 Jets = Signal model
4 Jets 4 Jets 25 Jets 3 Generator*’ 5.4 -5.4 3.0 -3.0
800 = Hadronization®’ 0.9 -0.9 0.5 -0.5
_; ISR/FSR 3.0 =23 1.7 -1.3
400 E PDF") 1.8 1.8 10 -1.0
iT Background model
38 15 | — QCD shape* 0.7 -0.7 0.4 -0.4
© = ¢ H W shape*) 0.9 -0.9 0.5 -0.5
1 .0 r_c““""’"w”" hi Mtf.ﬂ +ﬁ¢+ +}++ m $a it bt TR j#*H Ry +.. - {# +#_._ pe
= a g i st B oo iyt Monte Carlo statistics”? 3.2 32 I8 —18
= 05k . . . : . = p——
g 0 20 40 60 80 1 00 SySlCl]]dth 9.0 -9.0 5.0 =5.0
Likelihood Discrimi t Stat. & Syst. 9.8 -9.8 54 -54
Ikelihood Liscriminan Luminosity 6.6 ~6.6 3.7 ~3.7
Total 11.8 -11.8 6.6 -6.6

This is the most precise top pair cross-section measurement so far:

o = 179.01 00 (stat 4 syst) + 6.6(lumi)pb

09 6.6%

O
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Single Lepton Untagged

CMS 36pbT

Using the CMS common selection (p. 5) :
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Good agreement between data/mc is achieved.

Monday, September 26, 2011



Single Lepton Untagged CMS 36pbT

(Binned likelihood) Fit simultaneously to M3 and MET:
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o 02r Wl 41 5 - Wolv .
s | B 13 F —ZW*IT ] i
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M3: invariant mass of the combination of the three jets with the largest
vectorially summed transverse momentum. 13
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Single lepton Untagged

CMS 36pbT

ﬁﬂ N N.smglc-top NW+|vL~ NZ+|;~L~. NQCD e+iet5 NQCD }l+i9t5
predicted 1.00 733116 | 72+4 1069 =77 | 138 =10 367 + 27 58 +4
fitted | 1107037 | 806715 | 76+22 | 1475+86 | 18451 | 440+44 113 +31
stat.+syst. uncertainty
Stat.+bkg. uncertainty —8.4% +8.7% D S — : :
JES —17.6%  +20.3% @ p M
JER ~84% _ +88% oF iy e
ISR /FSR variation —8.6% +9.0% 251 ]
Factorization scale —10.6% +11.2% oF- E
Matching threshold —9.8% +10.5% :
Branching ratio —8.6% +8.9% 1.5 =
Efficiencies (from T&P) | —8.7% +9.2% 1E =
QCD rate & shape —8.9% +9.1% ) -
Lepton scale —8.4% +8.7% 05F E
- 1 =20/ o/ g s o .
PPF uncertainty —8.5% +8.7 /o 0§ i 1 o z 51 3
Pile-up —9.3% +9.3% B';‘
t
Total —19.3% +23.5%
;= 173130 (stats. + syst.) & T(lumi)pb 00
o = 17375, (stats. + syst.) = T(lumi)p —— ~ 23%
o

14
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Single Lepton Untagged

Luminosity = 0.7 fb-1

Variables: Hr3p, pr(leading jet), aplanarity, lepton pseudo-rapidity

Jet multiplicity: =3,4 & =5 jets

Main systematics : signal MC generator, JES calibration and the modeling of ISR/FSR

Stat. error: 2.2 % (3.9 pb)

do

o = 179.017 00 (stat + syst) £ 6.6(lumi)pb — ~ 6.6%

CMS

Luminosity = 36 pb-?

Variables: M3 & MET

Jet multiplicity: =3 & =4 jets

Main systematics : JES Calibration, Factorization scale & Matching threshold
Stat. error: 8.1 % (14 pb)

- 00
o = 17313 (stats. + syst.) & 7(lumi)pb — ~ 23%
o)

I5

Monday, September 26, 2011



Measurement of the ttbar production cross-section in the
lepton plus jets tagged final state
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Single Lepton Tagged ATLAS 35pb7
Using the ATLAS common selection (p. 5) except for:
Electrons: pr> 20 GeV, |n| < 2.5, Er (cone 0.2) < 4 GeV.
Muons: Missing-Er > 20 GeV.
2 i | T, [2) F I I
S 900 aTLAS e+>4-jets o - ATLAS n+24-jets
> . o > 800 o
L [ Preliminary ® data L - Preliminary ® data
__ L dt = 35 b'1 D t? 700:_ L = -1 \:I t? ]
400¢ I P W+jets - J bdt=35m0 Wejets
% Bl Other Bkgd 600, B Other Bkgd_;
300 Il aco - 500 Il aco E
77, uncertainty 77 uncertainty -
7 1 4007 -
7 7
7 o | ]
100k 1 200" /
: Py 100-_ Py ]
0 0 > 2 O 0 1 > 2

Number of b-tags Number of b-tags
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Single Lepton tagged ATLAS 35pb?

Multivariate likelihood discriminant constructed from the following variables fitting

M — — M Y O FrTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT T T T
simultaneously=3,=4&=>5jets: 2 [RHAS Frainary 84 Jas ;
@ 100~ ¥ — data 1
O 250 LTI T T T T .0 - L dt =35 pb C i 7
0 - ATLAS Preliminary e + 3 Jets . s 2 ] W+Jets §
o - e data 1 c | KS test: 0.65 B QCD i
8 ¥ i W 8o .
Ko} -~ | Ldt=35pb I+ . B I Other i
£ 2000 s tost: 0.72 orlets . . ]
T n % = QCD i - ]
B I Other b 60? ]
1501~ lepton pseudorapidity - Aplanarity 5
- i 40~ =
C qﬁ_h ’ 20—
50—+— f Ti B
%01 02 03 04 05 0.6 0.7 0.8 0.9 1
%5 2-45-41-050 05 1 15 2 25 exp(-8 x Aplanarity)
n(e)
To) L R I N B L I B
N - ATLAS Preliminary w+= 5 jets A
% 102 —e— data _|
= A S WA s L B B Z : E
= [ ATLAS Preliminary  y+4 Jets : 2 - " L~ -
Q 140__ 1 —e— data ] [ B B QCD i
8 - -[ L dt = 35 pb O . H i B Other ]
£ 120"KS test: 0.11 W+Jets — .
& - M QCD ; 10 det=35pb -
100~ H } + i Other = = KStest:0.15 7
r I i - . . | Yo
80k T.3p | e i Light-jet probabilities
- l . _ _
601~ ! = 1 3
a0 4 - 5 E
20 E 10" TRV
I ] 1214
0 02 04 06 08 1 Vo
exp(-4xHr ;)

The average of the two lowest light-jet probabilities (P)) in the event.
These are the jets which have the most significant b-tags. The weight
returned by the tagger is transformed to Wp=—log,, P;.

18
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1 -1
Single Lepton Tagged ATLAS 35pb
| Statistical Error (%) +53 5.2 |
Object selection (%)
Jet energy scale +38 -28
Jet reconstruction efficiency | +4.2 4.2
L . , , . _ Jet energy resolution +08  -0.2
B 240 | ' 1 ' ' ' == :
2 = ATLAS Preliminary * Data 3% Electron scale factor +1.2 -0.8
T 200 L dt = 35 pb™ O tt B QCD 3 a Muon scale factor +05 -0.6
L E I O W+lets Other_; = Electron smearing +03 02
u + Jets e + Jets g o | Muon smearing +0.6 -0.4
4 Jets 1 =5Jets 1 3Jets 1 4Jets |25 Jets 3 © Background modeling (%)
' : : EF) Wiets HF content +72 6.3
: = Wijets shape +1.5  -1.5
3 o
—= ; QCD shape +1.0 -1.0
= © tt signal modeling (%)
— : = s | & ISR/FSR +40 40
% + NLO generator +0.5 -0.7
= } 4 } Hadronisation +0.0 -0.6
a **ﬂ**+#+}H+ﬁf++'#pl+H+ PDE #17  -17
% : . . H . . . Others (%)
z O 0 20 60 80 1700 b-tagging calibration 15 63
Likelihood Discriminant Simulation of pile-up +1.5  -0.6
Templates statistics +16 -1.5
Total Systematic (%) +11.5 -10.5

o = 186 & 10(stat.) T35 (syst.) &+ 6(lumi.)pb

do
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Electrons 0.8 fb'1

Single Lepton Tagged CMS Muons 1.1 fb-1

Using the CMS common selection (p. 6) except for:

Lepton pr: Electron pt> 45 GeV, Muons pt> 35 GeV.
Missing Et: Electrons Fr > 30 GeV, Muons B > 20 GeV.
At least one selected jet is b tagged.

CMS Preliminary, \/s =7 TeV, J[ Ldt=0.8 fb '1. Electrons CMS Preliminary, \s =7 TeV, J[ Ldt=0.8 fb ’1. Electrons
— -#- Data -#- Data
> - % 32400 —— 5
01200 — [ Z+jets [ Z+jets
‘°_ — [ SingleTop [ SingleTop
-~ : B W+Jets B W+Jets
*21000 - [Jaco [Jaco
5 B
> R
m —
L
© 800—
% L
600 —
400 —
200
o_ ".'I'll.lllllllllllllll
0 50 100 150 200 250 300 0 1 2 3 4 5 6 7 8 9 10
Missing Transverse Energy (GeV) Secondary Vertex Mass (GeV)
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Electrons 0.8 fb1

Single Lepton tagged CMS  puons 1.1 fb-1

Maximum likelihood fit to the number of reconstructed jets (j = 1-4, = 5), number of b-tagged
jets (b-jet = 1, =2) and secondary vertex mass distribution.

CMS Preliminary \JJs=7TeV | Ldt=1.1fb ", Muons
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Single Lepton tagged - Combination

CMS

Electrons 0.8 fb1
Muons 1.1 fb-1

Source Muon | Electron | Combined
Analysis | Analysis | Analysis
Quantity Uncertainty (%)
Lepton ID /reco/trigger 3.4 3 3.4
Frresolution due to unclustered energy <1 <1 <1
tt-+jets Q2 scale 2 2 2
ISR/FSR 2 2 2
ME to PS matching 2 2 2
Pile-up 2.5 2.6 2.6
PDF 3.4 3.4 3.4
Profile Likelihood Parameter Uncertainty (%)
Jet energy scale and resolution 4.2 4.2 3.1
b-tag efficiency 3.3 3.4 2.4
W +jets Q2 scale 0.9 0.8 0.7
Combined 7.8 7.8 7.3

Combined Result

o = 164.4 + 2.8(stat.) + 11.9(syst.) + 7.4(lum.)pb | 22 ~ 8.7%

Electron

o = 163.0 + 4.4(stat.) £ 12.7(syst.) £ 7.3(lum.)pb

Muon

o = 163.2 + 3.4(stat.) £ 12.7(syst.) £ 7.3(lum.)pb

(\:J' 4 (3
99 . 94%
i

Ao (
99 ~ 2 0
o
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Single Lepton tagged

Luminosity = 35 pb-?

Variables: Hr3p, light-jet probability, aplanarity & lepton pseudorapidity
Jet multiplicity: =3,4 & =5 jets

Main systematics : b-tagging, HF fractions & jet reconstruction efficiency.

o = 186 + 10(stat.) T35 (syst.) £ 6(lumi.)pb

Luminosity = 0.8/1.1 pb CMS
Variables: num. of jets, num. of b-tagged jets & secondary mass distribution.

Jet multiplicity: =3 & =4 jets

Main systematics : JES & JER, b-tagging eff & W+jets Q2-scale

o7 = 164.4 + 2.8(stat.) £ 11.9(syst.) £ 7.4(lum.)pb 5—0 ~ 8.7%

23
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Measurement of the ttbar production cross-section in the
fully hadronic final state

24
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Fully hadronic ATLAS 1fb1

Event selection:
Anti-Kt jet using AR =0.4.
At least 5 jets with pr> 55 GeV, 6th with pr> 30 GeV and additional jets only if pr> 20 GeV
All jets within |n| < 4.5
At least two b-tagged jets (pr> 20 GeV) are required.

Missing Et significance Er <~ 3, Hris the scalar sum of the transverse momentum of all

S H
jets in the event. v
AR(b,B)> 1.2

number of jets (exclusive) to model a sample with a large
multiplicity: the target multiplicity is made up by adding
jets to the initial sample.

P VX . on paans RARAE REAAES AAAAS MAASE EASAS RARAE S
. = - ATLAS Preliminary
Background modeling: = O
. . . . B 6f |Ldt=1.02fb 0 btag
Event Mixing technique uses a sample with a lower £ b e \s=7TeV2011 Data
E Background

The technique is used to model events with at least six 1
jets from events with a jet-multiplicity equal to exactly i
four or five . 0

Ratio

L Wl L L L

5 6 7 8 9 0 11 12
Jet multiplicity
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Fully hadronic

ATLAS

1fb

1

A chisquare based discriminant observable is implemented to extract the ttbar signal
from the mutlijet background:

2 2 2 2
2 _ (Mjl,]é - Mw) (Mjlanabl _ Mt) (Mj3,j4 B Mw) (MJS,j4,b2 — Mt)
X = 2 - 2 + 2 T 2
Ow Oy Tw Ot
Ttbar signal fraction are extracted from a likelihood fit to the data mass chisquare
distribution:
Source of uncertainty Event Mixing (%) || ABCD (%)

0 NN L LI B Jet energy scale 242 13.7
= | ATLAS Preliminary ; Jet reconstruction efficiency 0.1 0.3

© 500 p .
4 et energy resolution 13.5 6.8
L i Ldt=1.02 fb ¢ \s=7TeV2011 Data | Multi-jet trigger 10.0 10.0
400‘ —— Fit for Data i LAr readout problem 0.6 0.3
— Fitfor Signal 1 b-tagging 23.0 30.0
Fi Generator (PS., Hadronisation) 54 13.0

it for Background
300 ISR, FSR 234 10.0
PDF 8.6 8.6
Luminosity 3.7 3.7
200 Multi-jet modelling 12.1 30.0
Total | 46.7 | 499
100¢
o = 167 £ 18(stats.) £ 78(syst.) & 6(lumi)pb %”7 ~

T
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Fully hadronic cCMS 1fb?

Event selection:
Anti-Kt jet using AR = 0.5.
At least 4 jets with pr> 60 GeV, a 5thjet with pr> 50 GeV & 6t pr> 40 GeV (additional jets
only if pr> 30 GeV).
All jets within |n| < 2.4
At least two b-tagged jet are required.

CMS preliminary, 1.09fb ' at \s = 7 TeV

Probability for b-tagging a jet as a
function of its transverse momentum pr
and |n].

N(pr,|n|,ds > 2.0) 1.2
N(pr,nl,ds < 2.0) k

R(pr, |nl) =

L1 I 111 1 I 1
250 300
jet P, (GeV/c)

50 100 150 200
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Fully hadronic cCMS 1fb?

QCD is estimated from the weight w and from events with > 6 jets with exactly zero tagged:
b b b b
w = R(pr, [n|”) x R(pr, nl|”)

The contribution of bottom quark in the control region for the background estimation is
about 1-2%.

CMS simulation at \s = 7 TeV o CMS preliminary, 1.09 fo" at \/s = 7 TeV
7)) 0.3 ,ﬂ L
= - —e— MC QCD in signal region 'c L *  data QCD estimate
- = +
; 0.25 o 'E 0.25—_ fitted gamma distribution
© = © -
B b 4 mip== MC QCD estimate L _.—_:_
B A - 4 MC QCD estimate
0.2— A 0.2— f i
- B : e fitted gamma distribution
C A C
0.15 * 0.15[
0.1 l * 0.1~
. C ok
0.05F 3 0.05
- * -
B $ B e
_L‘II|||IIII||||||III|||||||III|||||]|I[||6III*| [|||||||||Illllllllllllllllllll[lllllI-
100 150 200 250 300 350 400 450 500 550 ‘POO 150 200 250 300 350 400 450 500 550
m,,, (GeV/c?) m,,,, (GeV/c?)
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Fully hadronic

CMS 1fb

The cross section is determined from an unbinned maximum likelihood fit to
the reconstructed top quark mass.

CMS preliminary, 1.09 fb'at \s =7 TeV

)

N§180 e CMS data: 1620 events
Q L ]
o160 — tt simulation
o
Z140- --- QCD estimate from data
%120 combined tt and QCD
>
.00 | fgo= 0.250+0.036
L ]
80 e ¢
: | .
60 A *
g 1.0
a0 |
4 ‘v_
20 '1‘3
. gy e o .

‘POO 150 200 ‘2‘50 300 350 400 450 500 550

m,,, (GeV/c?)

o = 136 £ 20 (stat.) =40 (sys.) £ 8 (lumi.) pb

Source Relative Uncertainty (%)
B-Tagging 15.7
Jet Energy Scale 13.5
Background 12.2
Q? Scale 8.7
Tune 8.1
ISR/FSR 5.6
Top Quark Mass 53
Parton Shower Matching 52
Jet Energy Resolution 4.8
Irigger 4.5
Pile-Up 0.6
Systematic 29.1
Statistical 14.3
Luminosity 6.0
Total Uncertainty 33.0

%7 . 33%

o)
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Fully hadronic

Luminosity = 1.02 fb-1
Variables: mass X2
Jet multiplicity: = 5 jets

Main systematics : b-tagging, JES and the modeling of ISR/FSR

o = 167 £ 18(stats.) £ T8(syst.) £ 6(lumi)pb

Luminosity = 1.09 fb-1

Variables: mass M3

Jet multiplicity: > 4 jets

Main systematics : b-tagging, JES.

o = 136 £ 20 (stat.) =40 (sys.) £ 8 (lumi.) pb

30
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ttbar +jets

The measurement of associated jet production rates has the potential to reduce the
Initial State Radiation (ISR) and Final State Radiation (FSR) modeling uncertainty.

This would enable a reduction of this important source of systematic uncertainty for all

top measurements, including the top mass measurement and the tt production cross
section measurement.

31
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ttbar + jets

ATLAS 0.7 fb-

Standard Il+jets event selection plus:

* Require at least one jet to pass a b-tag with SV0 > 5.85

"y
o
S

1
e+jets J.Ldt= 0.7 "

N T T T

events / bin

v /’ v

|<2.5
e On

pr'>25 GeV wijets

— -
® Data 2011

Ll L L]

) other bkgd.
B acD fakes

'y
<
IIIHI

10?

Data/MC

-

4

..,
7

[N unl

lllll

DI

-
—
-

ELECTRON
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Reconstructed jet multiplicity
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events / bin

Data/MC

1 I I I ]
4 1 R —
10 E uijets _[Ldt: 071" n,l<25 ® Data 2011 3
= = On 3
: o p’T >25 GeV w,',jets :
"_ ////////////////////// .other bkgd. -
10° | . M acp fakes |
— )/ Z
i
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m

1111111111
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ttbar + jets ATLAS 0.7 fb1

1% \ \R < Ldt=0.7fo" :;: \\\\\\\\\W

103_— —
|<2.5 M _|<2.5

S \\\\\\\ 3 o o &\\\\\x\\\\\ -

i —4— Data (electron |- —¢— Data (muon channel)
[~ S MC@NLO L. S MC@NLO
EEE MC@NLO+(AcerMC ISR up) | Z55 MC@NLO+(AcerMC ISR up)
& MC@NLO+(AcerMC ISR down) &+ MC@NLO+(AcerMC ISR down)
- ¥

1.4

] \\\\\\\\\N i — \W\\\\\\%
ELECTRON ™ MUON e e

Within the uncertainties (dominated by the Jet Energy Scale) no distinction between the
models can be made. The analysis would benefit from more data; this will allow the ISR
contribution to be cleanly probed by providing more high- pT jet events.
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Summary of ttbar cross-section measurements in ATLAS

Lepton + Jets untagged in 0.7 fb™!

o)
o7 = 179 £ 3.9(stat.) £ 9.0(syst.) £ 6.6(lumi)pb| — ~ 6.6%
o
Lepton + Jets with b-tag in 35 pb-
Yej
o = 189 £ 11(stat.) 115 (syst.) £ 6(lumi.)pb 5 10.3%
All Hadronic channel in 1.02 fb-!
, oo
o7 = 167 £ 18(stat.) £ 75(syst.) = 6(lumsi.)pb — ~ 46%
o)
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Summary of ttbar cross-section measurements in CMS

Lepton + Jets untagged in 0.7 fb™!

— oo
T = 1737:;3 (stats. 4+ syst.) & T(lumi)pb — ~ 23%
o)
Lepton + Jets with b-tag in 35 pb-'
|'§|'.
o = 164.4 £ 2.8(stat.) + 11.9(syst.) + 7.4(lum.)pb _T 0\
r
All Hadronic channel in 1.02 fb™!
oo o
0 = 136 + 20 (stat.) + 40 (sys.) + 8 (lumi.) pb — ~33%
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Conclusions

Thanks to the great performance of the detector and accelerator a full suite of analyses
have been accomplished.

L+jets, full hadronic and ttbar +jets analyses have been presented.

Need still a better understanding of some systematics: Jet energy scale, b-tagging, theory
uncertainties are some of the main contributions for all the analyses. Reduction on the
luminosity error would be also interesting.

Results are consistent with theoretical QCD predictions, no significant deviations from
expectations of the SM.

New analyses are coming along: hadronic tau channel, differential cross-section, etc.
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Back-up
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Overview of the Matrix Method

For the matrix method we define two sets of events, loose and tight, the tight being a subset of

the loose one.
Both selections have the same kinematic cuts but differ on the lepton quality requirements.

The tight selection has typically the final selection cuts of the analysis.

_ arfake real
NlOOS@ T loose _I_ NlOOSG Ntz'gh,t . €fake N N
f L , fake — . | — €fak ( loose€real — tight)
are reaq rea ake
Ntight — €fake - Nloose + €real Nloose

These two efficiencies are required to be as different as possible to improve the statistical

fake
Nt ght

Where to measure these efficiencies:
ereal will be measured in data control samples, such as Z+jets (inclusive) events.
¢/ ake will be measured in data enriched in QCD multi-jets like events with low Er.

precision on

38
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Event selection ATLAS

mr (W) = /20 (1 — cos(¢! — év))

Single lepton triggers.
Exactly one isolated lepton:
Electron: Er> 25 GeV, |n| < 2.5 - crack, Er (cone 0.2) < 3.5 GeV.
Muon: pt> 20 GeV, |n|<2.1, Er (cone 0.3) < 4 GeV & P7 (cone 0.3) < 4 GeV,
AR(muon,jet (p1>20 GeV) ) < 0.4.
Jets: Anti-Kt 0.4, pr> 25 GeV, |n| < 2.5, AR(jet, electron) < 0.2.
Missing Er: Electrons Fr > 35 GeV, Muons fr > 25 GeV.
W transverse mass : Electrons mt(W)> 25 GeV, Muons 7 + mt(W)> 60 GeV.

QCD multi-jets background is extracted using a data driven technique called matrix method [1]

39 [1]- Phys.Rev. D76 092007 (2007)
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Event selection CMS

Irel - (Icharged + Ineutral + Iphoton)/pT

Single lepton triggers.

Exactly one isolated lepton:
Electron: Er> 30 GeV, |n| < 2.5 - crack, relative isolation(cone 0.3) < 0.1
Muon: pt> 20 GeV, |n|<2.1,relative isolation (cone 0.3) < 0.05

Jets: Anti-Kt 0.5, pr> 30 GeV, [n| < 2.4

QCD multi-jet background is derived from data:
Electron (failing at least two of three requirements): Relative isolation, transverse
impact parameter (< 0.02 cm) or standard electron identification criteria.
Muon softening isolation requirements: Relative isolation between 0.2 and 0.5.

40
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brief reminder of the method

>need to find region where QCD QCD model from data signal data/lVIC

dominates while staying as close P— faht eloct
: : : ail tig ight electron
as possible to signal selection electron 1D cuts D cuts
>select sample orthogonal to
standard top selection by inverting electron quality >
cut on electron particle ID selection _ o
— anti-electron sample - QCD dominates in sideband
. £ A normalisation obtained here
provides full QCD model ﬂ \_ QCD model from data
" " " [ " ngn -
>find distribution that is sensitive to 2 S+Bprocesses
lepton fakes — missing o Data
®
transverse energy (QCD here 2
mostly instrumental background) ks
>shape of QCD background taken
from data, but model provides no
cross-section — determine
amount of QCD background
from fit in sideband (0-35 GeV) Discriminant
>see Note V and Note M4 for more Fitin extrapolation to
sideband signal region

03.08.2011 Clemens Lange — QCD background estimation using anti-electrons 2
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Profile likelihood

An advantage of this approach is that many systematics uncertainties are
measured in situ and inversely scale with the integrated luminosity.

Data can potentially constrain the magnitude of the systematic and reduce
their impact on the overall precision of the measurement.

Nbins NSyst
—21n L(kt{, kW—I—jetsa 52) xX —2 Z n,; In i — Mg -+ Z ()42
i=1 j=1

i = ﬂi(ktfv kW—Fjetsa 52)

The nuisance parameters are subject to a Gaussian penalty term that
constrain each of them to their a-priori uncertainties.

The fitted value for a nuisance parameter has the meaning of number of
standard deviations form nominal preferred by data, while its uncertainty is

measured in units of the a-priori standard deviation for such uncertainty

source.
42
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Nuisance parameters

A fitted nuisance parameter of

Oéj = —0.9 0.1

should be interpreted as the data preferring a shift in the model corresponding to
-0.5-0 of the a-priori systematic uncertainty, and a reduction of the systematic

uncertainty down to 10% of its original magnitude.

43

Monday, September 26, 2011



Signal and background modeling

ATLAS

ttbar MC@NLO

W+jets / Z+jets ALPGEN
Diboson Herwig

Single top MC@NLO

CMS

ttbar MADGRAPH
W+jets / Z+jets MADGRAPH
Single top MCFM

44
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Selection efficiency

Single Lepton Untagged  ATLAS

Electrons 3 ex (%) 4 ex (%) 5in (%)
Selection efficiency 3.10 3.00 240
Muons 3 ex (%) 4 ex (%) 5in (%)
Selection efficiency 4.40 4.40 3.30
45
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