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K. Lannon

Why Study the Top Quark?

One of most recently 
discovered particles in 
SM
Really big mass
Could be key to new 
physics

Limited opportunities to 
study = places for new 
physics to hide
Big mass = special role 
in EWSB?

2

Decays before 
hadronizing

Only chance to study 
“bare quark”
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Top Quark Stands Out!
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Top Fingerprints on SM
Loop corrections to EW observables and rare decays 
proportional to top quark mass
Even before discovery, presence (and mass) of top 
could be inferred
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Ultimate Questions

Why are there generations/flavors?  Is the pattern of 
masses trying to tell us something?
Since top quark is so different, perhaps it holds 
answer?
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Studying Top

6

CDF

Tevatron, Fermilab, USA

LHC, CERN, Switzerland

Only 4 experiments in the world capable of studying top
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Studying Top
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CDF

Only 4 experiments in the world capable of studying top
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Figure 5: Results for the W +b yield (left) and charge asymmetry (right) versus pT(µ + b)
compared to SM predictions obtained at NLO using MCFM.

uncertainty. Mismodeling of the pT(µ)/pT(jµ) distributions largely cancels, since this shifts
the inclusive W+jet and W+b final-state yields by the same amount, leaving the observed
excess over the expected direct W +b yield una↵ected. The one exception is possible
mismodeling of the dijet templates, since the flavor content of the dijet background is not
the same in the two samples. Variations of these templates are considered and relative
uncertainties of 10% in the lowest pT(µ+ b) bin and 5% in all other bins are assigned on
the W boson yields.

The jet reconstruction e�ciencies for heavy-flavor and light-parton jets in simulation
are found to be consistent within 2%, which is assigned as the systematic uncertainty
for flavor-dependencies in the jet-reconstruction e�ciency. The b-tagging e�ciency is
measured in Ref. [24] from data, where a 10% uncertainty is assigned. The SV-tagger
BDT templates used in this analysis are obtained from the data samples enriched in b and
c jets used in Ref. [24]. Following Refs. [19, 24], a 5% uncertainty on the b-tagged yields is
assigned due to uncertainty in the BDT templates.

In the binned likelihood fit used to determine the significance, the top quark distribution
and charge asymmetry versus pT(µ+ b) are obtained from the SM predictions. The total
top quark yield is allowed to vary freely. Systematic uncertainties, both theoretical and
experimental, are handled as Gaussian constraints. The profile likelihood technique is
used to compare the SM hypotheses with and without a top quark contribution. The
significance obtained using Wilks theorem is 5.4�, confirming the observation of top quark
production in the forward region.

The yield and charge asymmetry distributions versus pT(µ+ b) observed at
p
s = 7

and 8TeV are each consistent with the SM predictions. The excess of the observed yield
relative to the direct W+b prediction at each

p
s is attributed to top quark production,

and used to measure the cross-sections. Some additional systematic uncertainties that
apply to the cross-section measurements do not factor into the significance determination.
The uncertainties due to the muon trigger, reconstruction, and selection e�ciencies are

6

p
s LHCb Measurement NLO Pred. (MCFM)

7 TeV 239± 53 (stat)± 38 (syst) fb 180+51
�41 fb

8 TeV 289± 43 (stat)± 46 (syst) fb 312+83
�68 fb

Now @ LHCb 

too!
First measurement of top 

production in forward region!
2 < η(µ) < 4.5; 2.2 < η(b) < 4.2

http://arxiv.org/abs/1506.00903, submitted to PRL

See P. Ilten (Monday Top Physics Parallel)

http://arxiv.org/abs/1506.00903
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20 Years of Top Physics
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Top Pair Production Per Exp. First 
ObservationRun Max Rate Total Sample

Tevatron
1 1.8 TeV 0.5/hr 550 Pair Production

2 1.96 TeV 11/hr 72,000 Single Top (s+t)

LHC
1

7 TeV 2,500/hr 860,000

8 TeV 6,800/hr 4,900,000 Single Top (tW), 

2 13 TeV 4,400/hr (curr.)
35,000/hr 

(2015)

82,000 (curr.)
8,200,000 (2015) ???

p
s

tt̄�

tt̄Z
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Progress in Top Physics
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Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.lbl.gov)

tttt
I (JP) = 0( 1

2
+)

Charge = 2
3 e Top = +1

Mass (direct measurements) m = 173.21 ± 0.51 ± 0.71 GeV [a,b]Mass (MS from cross-section measurements) m = 160+5
−4 GeV [a]Mass (Pole from cross-section measurements) m = 176.7+4.0

−3.4 GeVmt − mt = −0.2 ± 0.5 GeV (S = 1.1)Full width Γ = 2.0 ± 0.5 GeV
Γ
(

W b
)

/Γ
(

W q (q = b, s, d)
)

= 0.91 ± 0.04
t-quark EW Couplings
t-quark EW Couplingst-quark EW Couplings
t-quark EW Couplings

F0 = 0.690 ± 0.030
F− = 0.314 ± 0.025
F+ = 0.008 ± 0.016
FV +A < 0.29, CL = 95%

p
t DECAY MODESt DECAY MODESt DECAY MODESt DECAY MODES

Fraction (Γi /Γ) Confidence level (MeV/c)W q (q = b, s, d)

–
W b

–ℓνℓ anything [c,d] (9.4±2.4) %
–

γq (q=u,c)
[e] < 5.9 × 10−3

95% –∆T = 1 weak neutral current (T1) modes
∆T = 1 weak neutral current (T1) modes
∆T = 1 weak neutral current (T1) modes
∆T = 1 weak neutral current (T1) modesZ q (q=u,c)

T1 [f ] < 2.1 × 10−3
95% –

b′ (4th Generation) Quark, Searches for
b′ (4th Generation) Quark, Searches for
b′ (4th Generation) Quark, Searches for
b′ (4th Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95% (pp, quasi-stable b′)Mass m > 400 GeV, CL = 95% (pp, neutral-current decays)Mass m > 675 GeV, CL = 95% (pp, charged-current decays)Mass m > 46.0 GeV, CL = 95% (e+e−, all decays)

t ′ (4th Generation) Quark, Searches for
t ′ (4th Generation) Quark, Searches for
t ′ (4th Generation) Quark, Searches for
t ′ (4th Generation) Quark, Searches for

Mass m > 782 GeV, CL = 95% (pp, neutral-current decays)Mass m > 700 GeV, CL = 95% (pp, charged-current decays)

Free Quark SearchesFree Quark SearchesFree Quark SearchesFree Quark Searches

All searches since 1977 have had negative results.

HTTP://PDG.LBL.GOV Page 2 Created: 8/21/2014 13:13

Then: Just the basics…

Now
: Many
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Studying Top Quarks
Two ways to study top quarks:
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Analysis Examples
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Top quark 
interactions

BSM Physics 
Involving Top

Top as a Tool for 
Probing QCD/MC 

Modeling
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Mass Measurements

First world (TEV+ LHC) top mass combination: Mar. 2014
Well past 1 GeV uncertainty; 0.4% relative uncertainty now!

12
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Mass Updates!

Individual experiments now approaching or exceeding previous world average.

13
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Definitions Matter
Mass in QFT is “tricky”

Pole mass: intrinsically ambiguous at the level of ΛQCD (experiments 
are starting to close in on this level)
“Short-distance” masses, e.g. MS: avoids ambiguity through careful 
definition (different from pole mass by ~ 10 GeV)
MC mass:  The mass parameter in the Monte Carlo simulations

Most straightforwardly related to pole mass
Depending on exact details could differ from pole mass by as much as 1 GeV

The issue:
Direct mass measurements are measuring MC mass
Mass measurement approaching precision for which exact definition 
matters
Next step:  Measure mass via observables with straightforward 
connection to better defined masses (e.g. mMS or mpole)

14
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Figure 4: R-distribution at parton level corrected for detector and hadronization e↵ects after the background sub-
traction as a function of ⇢s (m0 = 170 GeV). The predictions of the tt̄ + 1-jet calculation at NLO+PS using three
di↵erent masses (mpole

t =170, 175 and 180 GeV) are shown together with the result of the best fit to the data, mpole
t

=173.7±1.5 (stat.) GeV. The black points correspond to the data. In the lower part of the figure, the ratios of the
di↵erent R-distributions to the one corresponding to the best fit are shown. The shaded area indicates the statistical
uncertainty.

a function of the input mass. In the range studied here, all fit results are compatible with the input values
within their statistical uncertainties.

Existing generated samples with Powheg + Herwig 6 including full ATLAS simulation were used to
make the correction of the data without using the intermediate state of the tt̄+g system. This cross-
check allowed investigations of potential biasses introduced by this step. When using this sample the
correction procedure was tested including and excluding the tt̄+g intermediate state. The two methods
gave compatible results within ⇠0.1 GeV for mpole

t , well within the statistical precision of the test, ⇠0.25
GeV.

12

Pole Mass from XS

15

m
t,pole

= 169.5+3.3
�3.4 GeV

1.9% precision

m
t,pole

= 173.7± 1.5 (stat)± 1.4 (syst)

+1.0
�0.5 (theory) GeV

1.3% precision

See K. Bloom (Monday Top Physics Parallel)

D0 Note 6453-CONF

 arXiv:1507.01769 [hep-ex], submited to JHEP

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T106/
http://arxiv.org/abs/1507.01769
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And several more…

16
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Implications

Assuming no 
new physics at 
higher scales
Measured top 
and Higgs 
masses put SM 
in meta-stable 
region
SM vacuum 
could decay?
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [112] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt � 173.34GeV)� 0.5GeV
↵3(MZ)� 0.1184

0.0007
± 0.3GeV . (64)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-

19

 arXiv:1307.3536 [hep-ph]

http://arxiv.org/pdf/1307.3536v4
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Top Cross Section
Theoretical prediction and experimental results at 
~5% (or better precision)

18

�
theory

= 7.35+0.28
�0.33 pb

PRD 89 072001

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.072001
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Top Cross Section
First measurement at       = 13 TeV!

Already achieved 14% precision (syst/lumi limited)
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ATLAS-CONF-2015-033 See T. Schwarz (Monday 
Top Physics Parallel)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-033
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CMS Result Coming Soon
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MET= 164.0 GeV 

Muon pT = 53.8 GeV 
 

Electron 
pT = 57.7 

Jet  
pT = 81.6 GeV 

Jet  pT = 56.8 GeV 

CMS DP-2015/019

http://cds.cern.ch/record/2037376?ln=en
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Differential XS
Testing MC modeling in 
great detail

21
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Figure 12. Differential tt̄ cross-section after channel combination as a function of (a) the hadronic
pseudo-top-quark rapidity y(t̂h) and (b) the leptonic pseudo-top-quark rapidity y(t̂l). The data
points are shown with a blue band which represents the total uncertainty (statistical and sys-
tematic). The model predictions from several NLO MC generators described in the text are
superimposed: powheg(ct10)+pythia, powheg(herapdf)+pythia, powheg+herwig and
mc@nlo+herwig.

pythia sample agrees well with the high-mass m(t̂lt̂h) tail, while the other samples overes-

timate the tail. This is consistent with the softer gluon component in the herapdf15nlo

PDF set compared to the one in the ct10nlo PDF set. The y(t̂lt̂h) distribution is rea-

sonably predicted for all models in the low y(t̂lt̂h) region, but only the powheg+pythia

model with the herapdf15nlo PDF set provides a good overall description. The pT(t̂lt̂h)

spectrum is sensitive to the extra radiation produced in the parton collision process. All

models agree with the data within the systematic uncertainties. If these uncertainties

can be reduced, this suggests that the pT(t̂lt̂h) distribution can be used to constrain phe-

nomenological radiation parameters in future MC tunes.

10 Conclusions

Differential fiducial tt̄ cross-section measurements are presented for kinematic variables of

the pseudo-top-quark (t̂), defined at the particle level by the decay products of the W

boson and b-quark occurring in top-quark decays.

The pseudo-top-quark approach is a new tool to probe QCD in the top-quark sector.

It is an experimental observable that is correlated with the top-quark parton and is used to

define differential tt̄ cross-sections with reduced model dependence. It can also be used to

– 30 –

 arXiv:1505.04480 [hep-ex], submitted to EPJC JHEP 06 (2015) 100

More details in  T. Schwarz (Monday 
Top Physics Parallel)

http://arxiv.org/abs/1505.04480
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-07/
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Tevatron Single Top

22

> 6 σ s-channel observation!

arXiv:1503.05027 [hep-ex]

|Vtb| = 1.02+0.06
�0.05

|Vtb| > 0.92 @ 95% C.L.

http://arxiv.org/abs/1503.05027
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Lhc Single top

23

Moving on to measure 
differential XS, properties, 
mass in single top

|Vtb| = 0.998± 0.038± 0.016

CMS t-chan 7+8 TeV combined LHC tW 8 TeV Combination:
|Vtb| = 1.06± 0.11± 0.03

See R. Suarez (Monday Top 
Physics Parallel) for more 
details on CMS results 
including differential results 
and searches for new 
physics
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ttW/Z
Only way to probe directly top-Z coupling

24

See A. Brinkerhoff  (Tues. Top Parallel)

TOP-14-021 ATLAS-CONF-2015-032

See C. Zhou (Tues. Top Parallel)

http://cds.cern.ch/record/2037139?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-032/
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More Associated Prod.
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Figure 3: Expected background yields and observed data events in various signal regions.

Uncertainties include both the statistical and systematic errors. The difference between

data and expectations is quantified by the means of the significance, computed from the

p-values in tables 8 and 9.

Limits on T5/3 production are set for pair production only, and for the sum of pair

and single production for two different values of the coupling λ of the T5/3 to Wt (λ = 0.5

and 1.0) [84]. This coupling is related to the mixing parameter g∗ used by the model in

refs. [85, 86]: λ = mT5/3
gg∗/ mW

√
2. The pair-production limits are shown in figure 10a,

and correspond to a mass limit of 0.74 TeV (0.81 TeV expected). The limits on pair plus

single production with λ = 0.5 are shown in figure 10b, where the observed mass limit is

0.75 TeV and the expected limit is 0.81 TeV. Finally, limits on pair plus single production

with λ = 1.0 are shown in figure 10c, where again the observed mass limit is 0.75 TeV and

the expected limit is 0.81 TeV.

The upper limit on the cross section for four-top-quark production is 70 fb assuming

SM kinematics, and 61 fb for production with a BSM-physics contact interaction (expected

limits are respectively 27 fb and 22 fb). The cross-section limit for the contact interaction

case is lower than for the SM since the contact interaction tends to result in final-state

objects with larger pT, which increases the selection efficiency. The limits are also inter-

preted in the context of specific BSM physics models. For the contact interaction model,

– 20 –

tt̄� tt̄tt̄

�SM
tt̄tt̄ < 70 fb @ 95% C.L.

3.3 Estimation of the photon mis-identification rate 5
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Figure 2: Binned template fit to charged hadron isolation: The real and fake photon templates,
normalized to the integral of the distribution, are depicted in the left plot. The right plot shows
the fit result, where the templates are scaled to the fit parameters, Nreal and Nfake, respectively.

3.3 Estimation of the photon mis-identification rate

The quantity of correctly identified prompt photons is estimated using a binned maximum
likelihood template fit, see Fig. 2. Since the main source of misidentified photons is hadronic,
charged hadron isolation discriminates well between correctly identified and misidentified
photon candidates. The fit template for signal photons is obtained from simulation, where
photon candidates are categorized into real and fake classes. The former class is assigned if
a generator photon without hadronic predecessor can be found within a cone of DR < 0.2
around the candidate, and the latter otherwise. Photons in the real class are used for the signal
template. The background shape is obtained from a combined sideband of three photon selec-
tion requirements in the data: photon candidates are selected for the background template if
at least one of the variables ‘ECAL shower width’, ‘neutral hadron isolation’, or ‘photon isola-
tion’ takes a value outside of the nominal signal region for photon identification. In simulation,
significant differences are found between the combined sideband and fake distributions. These
differences are corrected by reweighting the sideband distribution in the data bin by bin, with
correction factors obtained from the top-quark pair sample. The statistical uncertainty of the
templates is included with the ‘Barlow-Beeston light’ method [24], using a Gaussian approxi-
mation of the uncertainty in each bin.

The photon candidate counts Nreal (Nfake) in data are identified as the integral of the real (fake)
template distributions, scaled to the fit parameters. In order to calculate the background-
subtracted number of tt + g signal events, Nsig

tt+g
, the number of correctly identified real photons

Nreal is multiplied with the purity preal
tt+g

= Nsel
sig/Nsel = 66.7 % of tt + g signal events found in

the collection of correctly identified photon candidates in simulation. Nsig
tt+g

= 1175 ± 80 (fit)
signal events are observed in the tt muon+jets decay channel with a real photon of ET(g) >
25 GeV and |h(g)| < 1.444.

�tt̄+� = 2.4± 0.2 (stat)± 0.6 (syst.) pb
See J. Heilman (Tues. Top Parallel) for 

CMS result

 arXiv:1505.04306 [hep-ex], submitted to JHEP

TOP-13-011

ATLAS result: Phys. Rev. D 91, 072007 (2015)

http://arxiv.org/abs/1505.04306
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13011
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.072007
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Forward-Backward Asym.

Characterizes tendency of top 
quark to follow proton direction 
(or antitop to follow antiproton
In SM

No asymmetry at leading order
Asymmetry arises at NLO and 
beyond (~10%)

Sensitive to new physics (e.g. 
heavy resonance)
AFB can’t be defined at LHC 
because of pp initial state
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AFB Measurements
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Asymmetry (%)
20− 0 20 400.5−

6.5

D0 note 6445-CONF (2014)
)-1D0 Dileptons (9.7 fb  8.6±18.0 

PRD 90, 072011 (2014)
)-1D0 Lepton+jets (9.7 fb  3.0±10.6 

CDF Public Note 11161
)-1CDF Combination (9.4 fb  4.5±16.0 

CDF Public Note 11161
)-1CDF Dilepton (9.1 fb   13±  12 

PRD 87, 092002 (2013)
)-1CDF Lepton+jets (9.4 fb  4.7±16.4 

NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)

NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007

tt
FBTevatron A

See K. Bloom (Monday Top Physics Parallel) and Z. Hong (Tues. Top Physics Parallel)
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AFB Dependence on Δ|yt|

CDF sees ~ 2σ in slope parameter α
D0 agrees with NNLO prediction within 
uncertainties
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arXiv:1411.3007
Czakon, Fiedler, and Mitov
NNLO SM

D0 L+J

CDF Run II Preliminary

 (asymmetry per unit rapidity)α
0.2− 0 0.2 0.4

0.3−

5.6

PRD 90, 072011 (2014)
)-1D0 Lepton+jets (9.7 fb 0.043±0.154 

CDF Public Note 11161
)-1CDF combination (9.4 fb 0.057±0.227 

CDF Public Note 11161
)-1CDF Dilepton (9.1 fb 0.150±0.140 

PRD 87, 092002 (2013)
)-1CDF Lepton+jets (9.4 fb 0.062±0.253 

NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007 & private comm.

αy| slope ∆ vs. |tt
FBTevatron A

See K. Bloom (Monday Top Physics Parallel) and Z. Hong (Tues. Top Physics Parallel)



K. Lannon

AFB and Polarization
AFB comes from 
interference and 
EW effects
Polarization 
comes from parity 
violating 
contributions 
from EW 
production
New physics can 
cause deviations 
in one or both
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TABLE VI: Measurements of Att̄ and κP for each dileptonic channel corrected for the calibration (for mt = 172.5 GeV). The
statistical correlation between the two measurements arises both from the statistical correlation of the experimental observables
and the correction for the calibration.

Channel Att̄ (%) κP (%)
statistical
correlation (%)

eµ 11.6± 7.8(stat) 12.6± 13.0(stat) −48
ee 26.1± 15.2(stat) 17.5± 26.0(stat) −58
µµ 17.8± 16.7(stat) −22.2± 24.6(stat) −52
Dilepton 15.0± 6.4(stat) 7.0± 10.5(stat) −50

of ∆ytt̄ calibration procedure, we reweight the mc@nlo
sample to reproduce the shape of the differential asym-
metries of each different BSM and SM model consid-
ered. Each of the resulting samples serves as a seed for a
new calibration procedure as described in section VIA2.
The maximum variation in the Att̄ measurement ob-
tained with these new calibrations is taken as system-
atic uncertainty. It is obtained using the shape from the
alpgen + pythia sample and amounts to 1.3%. The
impact of these tests is negligible for κP since only the
∆ytt̄ distribution is modified.
We also perform a closure test using the five differ-

ent BSM models described in section IVB. For each
of the considered BSM models we create test samples
by reweighting the ∆ytt̄ and cos θ± distributions, in the
same way as described in section VIA for mc@nlo sam-
ples. The samples cover a range of values of Att̄ and κP
centered around the data measurement within ±1 statis-
tical standard deviations. These samples are treated as
pseudo-data: We compute the differences between what
would be measured using the nominal calibration and
the true Att̄ and κP of each sample. The maximum Att̄

bias is found for the axigluon m200L sample [40] and
corresponds to a shift of (∆Att̄,∆κP ) = (−2.9%, 2.3%)
obtained for (Att̄,κP ) ≈ (19%, 9%). The maximum
κP bias is found for the axigluon m200A sample [40]
and corresponds to (∆Att̄,∆κP ) = (−1.5%, 2.6%)
for (Att̄,κP ) ≈ (10%, 0%). These two doublets in
(∆Att̄,∆κP ) are taken as uncorrelated systematic un-
certainties. In each of these doublets, the uncertainty on
Att̄ and κP are taken as −100% correlated.

VIII. RESULTS

The measurements and the uncertainties discussed in
the previous sections are summarized by

Att̄ = (15.0± 6.4 (stat)± 4.9 (syst))%,

κP = (7.2± 10.5 (stat)± 4.2 (syst))%, (15)

with a correlation of −56% between the measurements.
The results are presented in Fig. 5. The NLO SM predic-
tion for Att̄ is Att̄ = (9.5±0.7)% [2], while the SM polar-
ization is expected to be small, κP = (−0.19±0.05)% [4].
Our measurement is consistent with the SM prediction

within the 68% confidence level region. In Fig. 5 we over-
lay the expected values for the different axigluon models
of Ref. [40]. As the models are generated with the LO
madgraph generator, we add an asymmetry of 9.5%
arising from the pure SM contributions that is not ac-
counted for by madgraph. The approximation of just
adding the madgraph LO asymmetry to the SM asym-
metry is estimated to be valid at the ≈ 3% level.

 (%)ttA
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FIG. 5: [color online] Two dimensional visualization of the
Att̄ and κP measurements and comparison with benchmark
axigluon models [40].

We interpret the measurements as a test of the SM,
separately assuming the SM forward-backward asymme-
try of Att̄ = (9.5 ± 0.7)% and the SM polarization of
κP = (−0.19 ± 0.05)%. As we assume the SM, we do
not consider the uncertainty from the dependence on the
physics model. The constraint on Att̄ is applied to the
two-dimensional result of Eq. (15) to obtain the polar-
ization

κP = (11.3± 9.1 (stat)± 1.9 (syst))%. (16)

This result is consistent with the SM expectation at the
1.2 standard deviation level. Applying the constraint on
κP we obtain an asymmetry of

Att̄ = (17.5± 5.6 (stat)± 3.1 (syst))%, (17)

which is consistent with the SM expectation at the 1.3

 arXiv:1507.05666 [hep-ex], submitted to PRD

See K. Bloom (Monday Top Physics Parallel)

http://arxiv.org/abs/1507.05666
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LHC Charge Asym.
pp initial state → symmetric; can’t define AFB

AFB at Tevatron becomes central-forward asymmetry 
at LHC (AC)
Size of asymmetry much smaller (~1%); within 
uncertainties, measurement agrees with SM prediction
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Figure 7. Comparison of the inclusive Aℓℓ
C and Att̄

C measurement values to the theory predictions
(SM NLO QCD+EW prediction [10] and the prediction of the Powheg-hvq + Pythia6 genera-
tor). Ellipses corresponding to 1σ and 2σ combined statistical and systematic uncertainties of the
measurement, including the correlation between Aℓℓ

C and Att̄
C , are also shown.

and Att̄
C = 0.0123± 0.0005 (scale). In figure 7 the measured values of Aℓℓ

C and Att̄
C are com-

pared to these predictions and Powheg-hvq + Pythia6 predictions. In the figure, ellipses

corresponding to 1σ and 2σ combined statistical and systematic uncertainties of the mea-

surement, including the correlation between Aℓℓ
C and Att̄

C, are also shown. The statistical

correlation between Aℓℓ
C and Att̄

C is evaluated to be 37±5% using pseudo-experiments based

on simulation. The systematic uncertainties are treated as 100% correlated. The resulting

correlation between Aℓℓ
C and Att̄

C is about 55%. The measured values are both consistent

with the theory predictions within the uncertainties. The measured Att̄
C values are con-

sistent with but less precise than measurements in the single-lepton decay channel by the

ATLAS [18] and CMS [19] collaborations. The measurements of Aℓℓ
C and Att̄

C are also

consistent with the CMS collaboration measurements in the dilepton decay channel [20].

The inclusive measurement of Aℓℓ
C and Att̄

C is furthermore compared to two models

of physics beyond the Standard Model (BSM) [9] that could be invoked to explain an

anomalous forward-backward asymmetry at the Tevatron, such as reported by the CDF

experiment [24]. Two models with a new colour octet particle exchanged in the s-channel

are considered. In the model with the light octet, the new particle mass is below the tt̄

production threshold. The model with the heavy octet uses the octet mass beyond the reach

of the LHC. The new particles would not be visible as resonances in the mtt̄ spectrum at

the Tevatron or at the LHC. The light octet is assumed to have a mass of m = 250GeV and

a width of Γ = 0.2m. For the heavy octet, the corrections to tt̄ production are independent

of the mass but instead depend on the ratio of coupling to mass, which is assumed to be

1/TeV. In figure 8 the measured Aℓℓ
C and Att̄

C values are compared to the light (figure 8a) and

heavy (figure 8b) colour octet model predictions in order to assess whether any of the BSM

predictions can be excluded. Models with left-handed, right-handed and axial coupling to

the up, down and top quarks are shown. The considered couplings to the quarks are such

– 23 –
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 Interference appears at NLO QCD
    → Only occurs in qq initial state; gg is fwd-bwd symmetric 
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Figure 5: Corrected asymmetry as a function of |ytt| (upper left), ptt
T (upper right), and mtt

(lower left and lower right). The latter is shown in two different binnings. All results corre-
spond to the full phase space. The measured values are compared to NLO calculations for the
SM by Kühn and Rodrigo (K&R) [9] and Bernreuther and Si (B&S) [42], as well as to the predic-
tions of a model featuring an effective axial-vector coupling of the gluon (EAG) [44, 45]. The
inner bars indicate the statistical uncertainties, while the outer bars represent the statistical and
systematic uncertainties added in quadrature.

10 Summary

Inclusive and differential measurements of the charge asymmetry in tt production at the LHC
are presented. The data sample, collected in proton-proton collisions at

p
s = 8 TeV with the

CMS detector, corresponds to an integrated luminosity of 19.7 fb�1. Events with top quark
pairs decaying into the electron+jets and muon+jets channels are selected and a full tt event
reconstruction is performed to determine the four-momenta of the top quarks and antiquarks.
The observed distributions are then corrected for acceptance and reconstruction effects. For the
first time at the LHC, acceptance corrections to the tt charge asymmetry are performed not only
to the full phase space but also to a fiducial phase space. Within two standard deviations, all
measured values are consistent with the predictions of the standard model and no hint of new
physics contributions is observed. The charge asymmetry in the high-mass region is about two
standard deviations below the predictions from an effective field theory with the scale for new
physics at 1.5 TeV.

AC = 0.0010± 0.0068 (stat)± 0.0031 (syst)

TOP-12-033, submitted to PLB

http://link.springer.com/article/10.1007/JHEP05(2015)061
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-033/index.html
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Not Covered Today
Many more results than I have time to cover today
See plenary session for more details on a number of 
topics (afternoon yesterday and today)
Full list of results at experiments’ webpages:

ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
TopPublicResults
LHCb: https://twiki.cern.ch/twiki/bin/view/LHCb/Top
CDF: http://www-cdf.fnal.gov/physics/new/top/top.html
CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsTOP
D0: http://www-d0.fnal.gov/Run2Physics/WWW/results/
top.htm
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Conclusions
~ 20 years of top physics have given us a chance to get 
to know the most recently discovered quark in great 
detail
Measurements to date agree well with SM expectations

Some intriguing 1-2 σ deviations to keep eye on
Tevatron and LHC data provide complementary 
information
Growing LHC datasets provide unprecedented 
opportunity to study top quark
Each previous step in energy and/or luminosity led to 
new observation(s).  What will Run 2 bring?
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