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Why top-antitop events?

® Jet vetoes are useful tools for measuring QCD
activity.

fgap

® Analyses of top-antitop final-states are good tests
of the SM, and will be important probes of new
physics at the LHC.

® F.o properties of new heavy resonances, decaying to tops,
could be measured by looking at the associated QCD
radiation.

(Sung Phys.Rev. D80 (2009) 094020)

Ask et al. [HEP 1201 (2012) 018
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® fFurthermore, interpretation of recent Tevatron results (Arg) are
obscured by data-MC disagreement and uncertainties in
modelling the top-antitop final state.
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How do we identify tops!?

® TJop-antitop final-state makes use of all
subsystems of the ATLAS detector:

® High-pr, central, isolated electrons:
pT > 25 GeV, |n| <247
(excluding .37 <|n| < 1.52)

® High-pr, central, isolated muons:
pt > 20 GeV, |n| <25

Tile calorimeters

\ ' LAr hadronic end-cap and
forward calorimeters
Pixel detector '

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tfracker

® High-pr, central jets: (anti-k;, R=0.4)
pT > 25 GeV, |y| < 24*

® ¥ Jets are matched to vertices. Only jets consistent with the primary vertex (containing b-jets and
leptons) are used in the analysis.

30 June 2012 Kiran.Joshi@cern.ch


mailto:Kiran.Joshi@cern.ch
mailto:Kiran.Joshi@cern.ch

Which events do we use!

Channel
Selection ee o eu
2 with ET > 25 GeV, _ 1 with ET > 25 GeV,

. Electrons inl < 2.47 il < 2.47

Muons — 2 with pr > 20 GeV, 1 with pt > 20 GeV,

In| < 2.5 In| < 2.5

Emiss > 40 GeV > 40 GeV —

Hr - - > 130 GeV

m > 15 GeV > 15 GeV _

¢ Imee — 91 GeV| > 10 GeV imee — 91 GeV| > 10 GeV
b-tagged jets At least 2 with pr > 25 GeV, |y| < 2.4, AR(5,4) > 04

® Db-tagging algorithm based on impact parameter and secondary vertex information.
® Average perjet efficiency of /0% for b-jets in simulated top-antitop events.

® Rejects ~99% of jets originating from light quarks and gluons.
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Selected events
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Selected events

1’773 top-antitop events remain

after selection.

® [ight event selection provides a very
pure sample of top-antitop events.

No backgrounds subtracted

from data. (Total background

contamination ~ 6%.)
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Jet vetoing in top-antitop events

®  Study the fraction of ttbar events that do NOT contain an 'I
additional jet, in a central rapidity interval, with pt > Qoq:

”~ ® Dileptonically-decaying top-antitop events provide a clean environment to
e probe the additional radiation.
Tt oo Ve ® Jets originating from b-quarks are easily distinguished from additional

jets using b-tagging.

® No complications from jet combinatorics, like in lepton+jets channel

> analyses.
v M
Yi- ¢ ly| < 2.1

v, . O b-jets

‘ leptons
additional jet

° O

51 -15 08 0 08 15 21 Y

® Measured data corrected for detector effects and presented in a fiducial region.
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Systematic uncertainties

® Many uncertainties cancel in the ratio. Those affecting the additional jet(s) do not.

® Pileup under control. Backgrounds, b-tagging uncertainties very small.

truth
® Data corrected to particle-level with a point-by-point technique: C(z) = ‘};mco(( ;, r = Qo
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Unfolding uncertainty largest for |y| < 0.8.
Jets well-measured in very central region.
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JES and JER dominate for |y| < 2.1.
Total systematic uncertainty ~ 1% at Qo=100 GeV
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Central jet vetoes
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® Data compared to NLO+PS (MC@NLO, POWHEG) and ME+PS (SHERPA, ALPGEN) generators.
o MC@NLO slightly underestimates amount of additional radiation with |y| < 0.8.

® (ap fraction sensitive to “dead zone"” in HERWIG shower. Mangano et. al. JHEP 01(2007)013
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Jet vetoes in more forward regions
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® Al Monte Carlos overestimate the amount of additional radiation in the 1.5 < |y| < 2.1 region.

® (eneral description of the data in the most inclusive, |y| < 2.1, region Is very good.
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Modelling uncertainty in top-antitop events
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® Modelling uncertainties can obscure interpretation of new physics results.
® |arge variation band. Uncertainty is too conservative.

® T[hese variations are now constrained by data.
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Summary

First corrected measurement of QCD activity in top-antitop final states. arXiv:1203.5015

® Data fully corrected in four rapidity regions.

® (orrected data submitted to HEPDATA. Rivet routine available to access the

analysis result.
Small experimental uncertainty. High-precision measurement.

State-of-the-art generators give a good description of the additional radiation.

® Slight data-MC deviation in most-forward region, [.5 < |y| < 2.1.

Data has been used to constrain the size of uncertainties on modelling of additional

radiation.

Potential further study

Extend to further-forward jets. (More BFKL-like?)

Gap fraction in bins of Mg, pt™.
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Gap fraction
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Gap fraction

y=0

; J {PTjet < Qo
D/ 5

. t
Fraction = |/|
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Gap fraction

y=0 y=0

J {PTjet < QO PTjet > QO
D b Tb
t t
Fraction = 1/ H[> @j H[> @
a b

!
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Gap fraction

Fraction = |/2

1,
Iy

y=0

hDTiet < Qol|

pTet > Qo
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Gap fraction

—

pTet > Qo

y=0
i/' Pt < Qo] |
b
Fractlon = I/2 H[>
pret < Qo

e

b
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Gap fraction

(KN

Fraction = 2/3
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Gap fraction

Fraction = 2/3
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Gap fraction

Fraction = 3/4

— S

30 June 2012


mailto:Kiran.Joshi@cern.ch
mailto:Kiran.Joshi@cern.ch

Gap fraction

® The gap fraction can be expressed as a ratio of cross sections:

f f

£(Qo) = n(Qo)  Tir40jet | Tt+>1 jet
O —_— —_— —_—
N /. /.
Ot Ot
O'Z; = fiducial cross section for dilepton top-antitop events
O'tff_l_o ot = fiducial cross section for dilepton top-antitop events with no
) additional radiation with pr > Qo, in the rapidity interval.
O'f— . .= fiducial cross section for dilepton top-antitop events with at least
tt+>1 jet = P P P

one jet with pt > Qqo, in the rapidity interval.
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Unfolding

Distributions corrected back to particle-level:

Jets defined with anti-k: algorithm. R=0.4, using all interacting final-state particles (no

muons or neutrinos). Jets must have pt > 25 GeV, |y| < 24.

® bjets defined by AR(jet, B-hadron) < 0.3.

Leptons defined using stables truth particles.

® Kinematic cuts as for reconstructed objects.

Missing Et defined as vector sum of all final-state neutrinos.

Hr calculated as scalar summed pr of selected leptons and good jets.

Event selection applied as outlined on slide 5 in ee, pu and ey channels.
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Unfolding

® Data corrected using point-by-point technique.

® At each value of Qo / Qsum, a correction factor is defined using MC events, as:

truth
. J; ((f)); v = Qo, Quun

® Default correction factors taken from MC@NLO.

C'(x)

® Systematic uncertainty due physics modelling assessed by comparing to correction
factors produced with POWHEG+Pythia & POWHEGH+HERWIG.

® Uncertainty taken to be the largest of:
e Difference between MC@NLO and either POWHEG sample.

®  Statistical uncertainty in the POWHEG+HHERWIG.
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Systematic uncertainties
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Results: ISR variations in forward regions
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Systematic uncertainties: Qsum
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sum sum

n(@sum)
N

Qsum = scalarr-summed pr of all jets in veto region:  f(Qsum) =
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Systematic uncertainties: Qsum
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