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New results for TOP 2015
> ATLAS

> CMS
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Top properties

> The top quark is very special, and could help to find and shed light on BSM physics.

> Many of its properties are being studied at the LHC...
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Overview 

> FCNC searches

 CMS: t → Hq (H → γγ)

 ATLAS: t → Hq combination

> Charge asymmetry

 ATLAS: measurement in boosted topologies

 CMS: template method

> Spin correlation and polarization at CMS

> Color flow in ATLAS

> Alternative mass measurements

 pole mass measurements from ATLAS and CMS

 CMS: measurement from the b-jet energy spectrum

→ all run-1 results
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FCNC searches, t → Hq channel

> Forbidden at tree level, higher level suppressed by the GIM mechanism

 SM predicts BR ~ 10-14

 BSM could increase the BR up to 10-3

 if observed, definite sign of new physics!

> Use all decay channels: H → γγ, bb, WW/ZZ/ττ channel and combine them to get most 
sensitive limits

> Best LHC limits

Experiment BR(t → Hu) BR(t → Hc) Channels Reference

ATLAS 0.45 (0.29) % 0.46 (0.25) % H → bb + γγ + WW/ττ arXiv:1509.06047

CMS 0.42 (0.65) % 0.47 (0.71) % H → γγ CMS-PAS-TOP-14-019
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FCNC searches, t → Hq channel - CMS

> Best limit obtained in the H → γγ channel, using both top decay channels.

> Select events with 2 photons, 1 b-jet and ≥ 4 jets or ≥ 1 lepton and ≥ 2 jets
+ additional constraints on the reconstructed top and W masses

> Main background: non resonant γγ+jets events fit from data
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FCNC searches, t → Hq channel - ATLAS

> Similar sensitivities obtained in the H → bb, γγ and multilepton (WW/ττ) channels
→ combination of the limits

> New for TOP: H → bb channel

 select events with == 1 lepton, ≥ 4 jets and ≥ 2 b-tags

 categorization of events depending on Njets and Nb-tags

→ most sensitive: (4j, 3b), (4j, 4b) (tt → WbHu, WbHc) 

 discriminant between signal and main bkg in each channel 

(tt+light/cc/bb): 

with probabilities based on kinematic and b-tagging

 likelihood fit with nuisance parameters 
to extract the signal strength
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Top charge asymmetry measurement

> Quantifies the excess of tops emitted in the direction of the incoming quark
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> “Traditional” method: unfold the Δ|y| distribution and measure the asymmetry

> Two slightly different results shown at TOP: 

 measurement in the ljets channel with boosted topologies from ATLAS [ATLAS-CONF-2015-048]

 template method from CMS in the resolved ljets channel [CMS-PAS-TOP-13-013]

> Define asymmetries based on tops and leptons:

> SM prediction ~ 1%
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Asymmetry in the boosted ljets channel - ATLAS

> Select events with exactly 1 lepton and:
 ≥ 1 small-R jet (with ≥ 1 b-tag) 
 == 1 large-R jet (pT > 300 GeV)

 mttbar ≥ 750 GeV + MET and mT
W cuts

> Reconstruct leptonic top by using 
the highest pT jet and solving for the neutrino momentum assuming the W mass
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Asymmetry in the boosted ljets channel - ATLAS

> Perform inclusive and differential measurement (as a function of m
tt
)

> Unfold distributions using fully Bayesian technique

> Results in agreement with SM

 extend significantly the m
tt
 range

 statistics dominated
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Asymmetry with a template method - CMS

> Standard ljets selection

> Define                     and fit the symmetric and asymmetric parts of the distribution

> Reconstruct the tops with a kinematic fit

> Separate tt, W+jets and multijet events using a discriminant Δ based on the W MT,  
kinematic and b-tagging likelihoods
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Asymmetry with a template method - CMS

> First fit the Δ distribution, 
then the Y

tt
 distribution and extract the asymmetry

> Check the bias of the method 
using various models.

> Result: Ac = [0.33 ± 0.26 ± 0.33] %

 in agreement with SM prediction

 most precise measurement, with slightly higher model 
dependency



Cécile Deterre  |  2/11/15 | LHC discussion – TOP 2015 highlights - properties  |  Page 14/23

Spin correlation and polarization

> Angular distributions of top pair decay products affected by their polarization and spin 
correlations
 in the SM, top pairs are unpolarized but their spins are correlated
 could be affected by BSM models

> Observables based on the angles: 
 Φ between the two leptons → spin
 φ between the leptons in the rest frame of their parent → spin 
 θ between the lepton and the top in the helicity rest-frame, cosθ

+/-
 → pol, cosθ

+
cosθ

-
 → spin

> Methods for the measurement:
 template fit to samples with different spin/polarization
 unfold the distribution and compute the asymmetries:
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Spin correlation and polarization - CMS

> Analysis done in the dilepton channel

> Differential measurement versus m
tt
, |y

tt
| and pTtt

> Results consistent with SM predictions

> Limits on anomalous ttg couplings: exclude real part of chromo-magnetic dipole moment outside 
of -0.050 < Re(μ

t
) < 0.076

[CMS-PAS-TOP-14-023]
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Color flow - ATLAS
> Measurement of the jet pull angle as handle on 

color connection between quarks and gluons initiating jets
> Analysis performed in ljets events

 select events with ≥ 2 b-tags and ≥ 2 jets not b-tagged
 2 highest non b-tagged jets considered to come from W
 build pull angles using calorimeter clusters (all-particle) and 

tracks associated to a given jet (charged-particles pull angle)
 unfold to particle-level
 compare to SM and flipped model

[PLB (2015) 475-493]
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Color flow - ATLAS
> Measurement of the jet pull angle as handle on 

color connection between quarks and gluons initiating jets
> Analysis performed in ljets events

> Result: 
 data agree with the SM color flow at the level of 0.8σ

and differs from the flipped model at 2.9σ

[PLB (2015) 475-493]
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Pole mass extraction - CMS

> Inclusive cross-section sensitive to the top mass

> Use cross-section measurement in the eμ channel at 
7 and 8 TeV
 visible cross-section extracted with a likelihood fit to bins 

of b-jet and jet multiplicity 
 correct to full phase-space
 repeat for 3 mass hypotheses

> Extract the pole mass: 
 parametrize dependence of the predicted and 

measured cross-section as a function of mt for a given PDF

 maximize the product of the two likelihoods

[CMS-TOP-13-004]
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Pole mass extraction - ATLAS

> Measurement of the tt+1 jet normalized cross-section as a function of 

→ more sensitive to the top mass than the inclusive cross-section

> Distribution unfolded to parton level and compared to NLO predictions for various pole masses

> Result: 

[JHEP 10 (2015) 121]
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Top mass from the b-jet energy spectrum - CMS
> Position of the peak of the b-jet energy spectrum sensitive to the top mass

 observable independent of the top boost 
→ measurement done in the lab frame, no need to reconstruct the top

 Agashe et al. [PRD 88 (2013) 057701]

> First measurement of this type by CMS in the eμ channel
 perform Gaussian fit around the peak of the log(E) distribution
 calibrate the method for selection and reconstruction effects using MC

> Result:

[CMS-PAS-TOP-15-002]
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Conclusion
> Many interesting new results for TOP2015!

> Much more than I could show:
 → conference indico
 → CMS public results
 → ATLAS public results

> For properties, all run-1 results for now
→ expect the first run-2 results soon (don't miss the DESY seminar tomorrow discussing 
13 TeV results from ATLAS and CMS)!

http://indico.cern.ch/event/351006/other-view?view=standard
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Backup slides
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FCNC, t → Hq - CMS
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FCNC, t → Hq - ATLAS
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FCNC, t → Hq - ATLAS
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Asymmetry in the boosted ljets channel - ATLAS
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Asymmetry with the template method - CMS
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Spin correlation and polarization - CMS

J. Linacre, top 2015
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Spin correlation and polarization - CMS
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Pole mass from ttbar+1 jet events - ATLAS
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Pole-mass extraction - CMS
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Top mass from the b-jet energy spectrum - CMS
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Color flow - ATLAS
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