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Motivation

J.H. Kuhn and G. Rodrigo
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* The ttbar charge asymmetry can appear in ttbar pair production through
quark-anti-quark annihilation at NLO in QCD

e Interference between ISR and FSR (1)

e Interference between the Born and box diagrams (2)

* Tevatron has observed 3.40 deviation with respect to SM for ttbar Ars above
450 GeV (CDF) and Ars using final state leptons from top (DO)

* Could be explained by possible new exchange particles Z’ in t-channel or
different vector with axial coupling.



p. | Charge asymmetry at the LHC

Ac in SM = 0.01

* Proton-proton collisions (H. Kithn and G. Rodrigo)
H. Kuhn and G. Rodrigo

* no forward-backward asymmetry at the LHC

* Asymmetry can only arise from qqgbar — ttbar process.

* Quarks on average have large momentum than anti-quarks — rapidity
distribution of top quark is wider than anti-top

top
anti-top

T - N(Alyl > 0) - N(Alyl < 0)

AL =
Aly| = |yt| — |z N(Aly| > 0) + N(Aly| < 0)




* All results are in agreement with SM.
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* Measured inclusive Arg from the Tevatron and Ac from the LHC,
compared to predictions from the SM as well as potential new physics
contributions.
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* ATLAS and CMS results are in agreement with SM.
* 6 new physics models are in tension with experimental results.
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The result with 5 times more data...

e ATLAS

e dilepton (ATLAS-CONF-2012-057) AT = x Ei:z: > 8; - x Ei:z: = 8;

* Inclusive top Ac sensitive variable, y;
¢e  N(Alp| > 0) — N(Aln| < 0)

* Inclusive lepton Ac sensitive variable, N C = N(A > 0) + N(A < 0)
e CMS
* |lepton+tjets (TOP-11-030 - arXiv:1207.0065 )

* Inclusive top Ac sensitive variable, y:

* Differential top Ac
e Rapidity, transverse momentum, mass of ttbar system



Event selection

ATLAS CMS
(dilepton selection)

* Electron (I+jets selection)

* pT > 25 GeV

e In| < 2.5 * Electron
e Muon * pt > 30 GeV

* pT > 20 GeV * [n| < 2.5

e In| < 2.5 * Muon
* Detector-based isolation *pl > 20 GeV
* A pair of opposite sign lepton *n| < 2.1
* Z veto [Mi-Mz| > 10 GeV (ee, pp) * Particle-flow based isolation
« MET > 60 GeV (ee, M) * Second lepton veto
» Ht (sum of two leptons and jet * at least 4 Particle-flow jets
energies) > 130 GeV (ep) *pT > 30 GeV, [n| < 2.5
* at least 2 jets * At least one b-tagged jet

« pT > 25 GeV, |n| < 2.5



* Matrix method (ATLAS) r = tight selection efficiency using data Z candidates.

, , f = fake rate from enhanced QCD data sample.
* to get fake contribution

i rir rif2 hirz fif W NI
ML n-rm) - AQ-r) fG-f || N
NU I

(1-ror (A-r)f 1~ fi)r: 1 - fi)f Np;
N' A=r)(1 =) {@=ri)i=$) ({E—fi)l=r) Q—f)1 =) KNy
— 4
tt = two tight leptons rr = two real leptons
Il = two loose leptons Invert! ff = two fake leptons

* Fit using template MET, M3 (CMS) -M3-invariant mass of three jets with largest > pT
QCD shape from data : loosened lepton isolation

e fit MET for MET < 40 GeV
e fit M3 for MET > 40 GeV
* individual template for W*+jet and W-+jet

e /+jets and single top constrained to SM prediction
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ATLAS CMs

500

M3 [GeV/c?]
* Normalized to background fit result.
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dilepton ATLAS

* Based on probability from ttbar prediction (LO)

* Two neutrinos with unknown z components.

* Constrain top mass = |73.3 GeV and W mass = 80.4 GeV

* Add two more equations relating MET and ttbar pr

* Solve for many different points in phase-space by varying the four-
momentum of leptons and jets according to their width and resolution

* Calculate weighted average for a given permutation.
* Take permutation with the highest weight

 Matches the true combination in 47% of the cases.
(random choice lead to 30%)



|+jets CMS
* Neutrino z component assighment from MET and W mass

* Considering all jet combination
* Select best hypothesis J using two top masses, hadronic decay W mass and
b-tagging information

= L1(my)La(m2)La(m3z)Py(xp1)Py(xp2) (1 — Py(x41)) (1 — Po(x42))

* Li(m;) : likelihood ratio function that provides a measure of probability for a
given hypothesis with a certain value of the reconstructed mass m..

* ml,m2,m3 : de-correlated masses of top quarks and hadronic decay W
mass.

* Py(x) : probability of a jet with b tag discriminator value x is assigned to b-
quarks.

* Assign lepton charge for leptonic decaying top and hadronic decay top is
assumed to have opposite sign.

» 72% of all events, the sensitive values of top quark are reconstructed with
correct sign.


http://dx.doi.org/10.1016/j.physletb.2012.01.078
http://dx.doi.org/10.1016/j.physletb.2012.01.078

* Raw top quark rapidity distribution
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Unfolding

NPpr-p»

 Unfold to remove detector effects CMS

e efficiencies CMS Simulation

> 16
* migrations I 0.3
% 13
2 12
(@)
ATLAS =
17 10 0.2
- 9
* Dependency of reconstructed Ac vs 8 s
generated Ac — can be described by a 5 o
k= >
straight line. =
* Raw Ac is corrected for both the 1 .
1 2 3 4 5 6 7 8
slope and the offset of the fitted line. bin of generated ly,I-ly
o 16 meMS Simulation
CMS .

* Regularized unfolding 0.1

* Subtract background
* Correct detector effect
* Correct efficiency

*2D Regularized unfolding

in 6 bins of m_.

rec

0.05

bins of Alyl

123456_782345@781_2345678
| 4 bins of Alyl in 3 bins of m_
gen tt, gen



For 2D unfolding

o GMS Simulation
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* Binning was chosen to have approximately the same statistics in each bin.
* Selected events divided by generated events.



Entries/0.5

* Measured A|y| distribution for each decay mode
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A7 (ee) 0.051 + 0.045 (stat.) | 0.079 £ 0.087 (stat.) + 0.028 (syst.)
A? (ep) 0.037 £ 0.014 (stat.) | 0.078 £ 0.029 (stat.) + 0.017 (syst.) Ag = 0.006 + 0.002
A'é (up) -0.001 £ 0.022 (stat.) | 0.000 + 0.046 (stat.) + 0.021 (syst.)
Combination (dilepton) Combination (dilepton+single lepton)

AY. = 0.057 + 0.024 (stat.) + 0.015 (syst.)

L —

T

A% = 0.029 + 0.018 (stat.) + 0.014 (syst.)

T

16 Blue method : best linear unbiased estimator
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* Charge asymmetry from ttbar is transmitted to lepton
* Can measure a purely lepton-based asymmetry

* Benefit from high resolution of lepton

* This measurement is also sensitive to top polarization.
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* Lepton n distribution for each decay mode



* Measured A|n| distribution for each decay mode ATLAS
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9 Blue method : best linear unbiased estimator




ATLAS lepton Ac top Ac CMS top Ac

| | ee | en | pp ee ey uu Systematic uncertainty | inclusive Ac
| Signal and background modeling ' ‘ - ]ES 0.002
| Signal generator 0.014 | 0.009 @ 0.002 0.011 0.003 | 0.002 |
‘ ISR and FSR 0.008 | 0.002 | 0.018 0004 0004 0006 JER 0.002
| Parton shower/fragmentation 0.001 | 0.001 & 0.001 0.001 @ 0.004 | 0.003 PiIGUP 0.001
' PDF 0.001 | <0.001 | <0.001 <0.001  <0.001 @ <0.001 Generator 0.001
| Z+jets 0.001 | 0.006 | 0.002 0.005 @ 0.004 @ 0.001 . - -
' Diboson <0.001 | <0.001 | <0.001 | | <0.001 = <0.001 | <0.001 Migration matrix 0.002
Single top <0.001 | <0.001 | <0.001 | | <0.001 <0.001 _ <0.001 | Unfolding 0.008
' Multijet background 0.012 | 0.010 | 0.001 0.014 = 0.002 | <0.001 I W+jets 0.004
| Detector moaeling Multiiet Q QQl
| Jet efficiency and resolution 0.007 | 0.001 | 0.005 0.008 @ 0.001 | 0.003 —IL .
Jet energy scale 0.003 | 0002 | 0006 | | 0.006 0001 | 0.002 | Lepton ID/sel. efficiency 0.006
fliciency s | 0003 | 0005 | | <0.001 _ 0.001 | 0.002 | Q7 scale 0.002
| Electron efficiency and resolution | 0.013 | 0.006 | 0.002 0.005 @ 0.003 | <0.001 . .
"Calibration 0.004 | 0001 | 0.002 | | 0019 | 0.002 | 0.004 :l Hadronization 0.001
" Luminosity <0.001 | 0.00T | <0.001 | | 0002 | <0.00T | <0.00T | PDF 0.002
| Total | 0.028 | 0017 | 0.021 | | 0.029 | 0.009 | 0.009 Total 0.012
ATLAS CMS

* Signal generator

* MC@NLO vs POWHEG
* Calibration curves by considering a variety
of new physics models, heavy axi-gluons, Z’
and color triplets.

* Pseudo-experiment test with
different Ac weightings —

take the difference between simulation
and unfolded result.
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* ATLAS

top Ac (combined)= 0.029+0.018(stat.)£0.014(syst.)
lepton Ac (dilepton) = 0.023+0.012(stat.)+0.008(syst.)

« CMS

top Ac (leptontjets) = 0.004+0.010(stat.)+0.012(syst.)

Ac in SM = 0.01
(J.H. Kuhn and G. Rodrigo)

* Results correspond to 5 fb-!
* All are in agreement with the SM expectations

within uncertainties.
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* Rapidity of ttbar system, Yyctwbar CMS
* gluon-gluon fusion in central, qgbar annihilation in large rapidity region.

* Transverse momentum of ttbar system, pecar
* large p«, dominant contribution from ISR/FSR— Asymmetry negative

* ttbar system mass, Mwar

e quark annihilation is enhanced for large m

- CMSPrelminary . pn. | o4l CMS Preliminary - ] - CMS Preliminary e b

- 4.7fb"at s =7 TeV EFT 1 Tl 4a7latNs=7Tev T 1 o4 47flat\s=7TeV EFT ]

- l+jets —— NLO prediction ] - l+jets POWHEG Simulation - - l+jets __ NLO prediction -
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EFT - Effective Field Theory to explain Tevatron result by introducing
effective vector-axial coupling of gluon. E. Gabrielli, A. Giammanco, M. Raidal et al.,

“Effective axial-vector coupling of gluon and top

quark charge asymmetry at the LHC”, (201 I).
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Conclusion

* Measured the asymmetry with full data set in 201 | not only for top
Ac but also for lepton Ac

* LHC results do not confirm the Tevatron observation of charge
asymmetry deviation.

e Still more statistics is needed to validate or exclude the deviation.
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* The unfolded sensitive variable distribution.
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ATLAS (dilepton)

CMS (I+jets)

Event yield

Channel ee e J7v;

tt 500 £ 60 4400 =500 1640 = 170

Z — eeluu 19 +7 - 83 +£ 29

Z o TT 19 +7 180 + 60 67 + 23

Single top 302 230 £ 20 82+ 7

Dibosons 9x1 70+ 4 23 &2
Multijets/W+jets 70 £ 36 250 £ 130 32+ 17

Total 740 £ 70 5100 £ 500 1930 + 170

Data 132 5305 2010

process electron+tjets  muon-jets total
single top (t + tW) 1054 + 319 1358 + 478 2412 + 604
Wtjets (+) 1839 + 224 1832 + 284 3671 4+ 362
W+tjets (—) 1469 + 222 1342 + 270 2811 + 349
Z+jets 504 + 145 566 + 160 1070 + 216
multijet 1169 + 221 887 + 204 2056 + 301
total BG 6035 + 521 5985 + 670 12020 + 849
tt 18661 + 386 26998 + 464 45659 + 604
observed data 24705 32992 57697

e ttbar fraction is ~ 80 %
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