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Why top quark properties?
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+ Only fermion with an electroweak-scale
mass, more massive than W, Z, H

* Tdecay < Thadronisation' study a bare quark
+ Interesting probe of EWSB

+ Plays a prominent role in many proposed
BSM theories

+ The LHC is a top factory
o(pp— tt) ~ 835pb at 13 TeV
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A variety of top quark properties measurements

« pp— tt production and modeling — Juan Gonzalez, earlier today
+ top properties in single top — Ashfaq Ahmad, later in this session
- top quark mass, m(t) — m(t) — Nataliia Kovalchuk, this afternoon

+ top quark width

« angular distributions of pp — tt production and t— Wb decay
+ t polarization and spin correlations
« W helicity fractions

charge asymmetry
« CP violation in pp — tt production and t — Wb decay
« FCNC decays :t— Hu,t— Hc,t— Zq,t— yq,t— ug, t— cg
« t-H coupling pp — ttH, pp — tHq — Georgios Krintiras, WG3
« t-V couplings: pp— ttV (V =y, Z, W)

Pieter David (UCLouvain-CP3) Top properties @ CMS



Bounding the top quark width using dilepton events
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« 95% CL bound of 0.6 < I; < 2.5GeV
expected: [0.6,2.4] (m; = 172.5 GeV)
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W= helicity fractions in tt — lepton + j
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+ Kinematic fit (using t and W mass
constraints) for the reconstruction of
the complete tt system

+ Maximum likelihood template fit to
cos 07 and | cos 03| distributions
(parameterized as function of helicity
fractions using simulation)
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Charge asymmetry in pp— tt

« the tt charge asymmetry can
be probed through the
rapidity asymmetries
N(Inle>nle) =N(Inle<InlD) ;4
N([n[e>Inlp)+N(Inle<Inl)
N(Inlg+>Inle=)=N(nlp+ <Inl,-) -
N(Inlg+>Inl,—)+N(Inl+ <[nl,-)
pp collisions

« valence quark effect, so SM
value smaller at 13 TeV
(pp — tt dominated by gg)

 enhanced sensitivity to SM
asymmetry by studying
kinematic dependence,
specific phase space regions,

n

— full list of CMS results

ATLAS+CMS Preliminary
tt asymmetry

ATLAS l+jets
PUC 76 (2016) 87

PLB760 (2016) 365  C

et 0.009 + 0.004 + 0.005

ATLAS dilepton At - 0.021+0.011+ 0.012
PRD 94, 032006 (2016)  C

CMS \qets Iem&plale He-H 0.003 +0.003 + 0.003
PRD 53, 034014 (2016)

CMS I+jets H—e—H 0.001+ 0.007 +0.004
PLB 757 (2016) 154

CMS dilepton AT H—a—H 0.011+0.011+ 0.007

LHCtopWG Vs=8TeV Sept 2016
A *(stat) +(syst)

total stat

ATLAS l+jets boosted
(M_>0.75TeV 8& A lyl| < 2)
PLE756 (2016) 52

0.042 +0.019+ 0.026

dilepton asymmetry

ATLAS dilepton A" [ 0.008 + 0.005 + 0.003
PRD 94, 032006 (2016) C
CMS dilepton A" et 0.003 + 0.006 + 0.003
P8 780 (2018 965 ©
| | |
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or using optimised observables
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CP violation in pp — tt — lepton + jets at
aryiv:1611.08931 submitted to JHEP

N(0;>0)—N(0;<0) . 19.7 fo" (8 TeV)
asymmetry N(O|>0)+N(O|<O) OfT Odd g 8 CMS AAcpine+jets & Agpinlepton + jets
triple products > 2 ¥ Agpini+jets ® Ag, (SM correction)
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O3 = Qqe(py, Py, Pes Pj1) —— o< Qepp  (Fe X Pj1) F
lab
O4 = Que(P, py, — Py Pes Pj1)  — o< Qu(ph — Pp) - (Fe X Pj1) -2F
lab
07 =q - (pp — Pp)e(P; q, pv, Pp) — o< (B — Pp)z(Pb X Pp)z -3 o, o, o o,
probes CP violation in pp — tt
. . o _
production and decay to /+jets cp = DAcp D=1-2
« bounds at the 1-2% level, SM values k) .

are extremely small 0, 21.27 £0.10 4 0.97 0.575 % 0.002 £ 0.019
O3 30.86 %+ 0.10 + 0.90 0.383 = 0.002 + 0.018
04 31.6540.10 + 0.95 0.367 == 0.002 %+ 0.019
07 13.5240.1140.50 0.730 = 0.002 == 0.010
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http://arxiv.org/abs/1611.08931

r FCNC top decays

— full list of CMS results

CMS preliminary February 2017
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/FCNC.html
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Fiducial region: photon Et > 25 GeV,

In| < 1.44
tt+jets and V+y backgrounds

determined from fits to M3 (hadronic
top mass) and photon isolation (with

templates from data: random cone
(PU) for isolated, photon n spread
sideband for photons from jets)

e — y mis-ID rate corrected with
Z—ete”

fld

ofd Jog=52%1.1x107

th'{jr = 127 4 27(stat+syst) fb

photon Et and n distributions in good

agreement with simulation
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Fiducial region: photon Et > 25 GeV,

In| < 1.44

Events / bin

« tt+jets and V+y backgrounds
determined from fits to M3 (hadronic
top mass) and photon isolation (with

templates from data: random cone
(PU) for isolated, photon n spread

Data/Theory

sideband for photons from jets)

« e— y mis-ID rate corrected with

Z—ete”

fd —
s ol /o =5.2£1.1x10

Events / bin
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ofid =127 4 27(stat+syst) fb

tt4y

+ photon Et and n distributions in good

agreement with simulation

Pieter David (UCLouvain-CP3)

Data/Theory

Top properties @ CMS

CMS-PAS-TOP-14-008
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pp — tt + W/Z cross-sections at /s = 13 TeV
CMS-PAS-TOP-16-017
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pp — tt + W/Z cross-sections at /s = 13 TeV
CMS-PAS-TOP-16-017

o(pp— ttZ) = 0.7011¢ (stat.) £0:13 (sys.) pb
o(pp— ttW) = 0.981023 (stat.) £33 (sys.) pb
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Conclusions

+ Top properties analyses allow to constrain BSM physics in various ways

+ Many measurements performed by CMS with run 1 data

« /s = 13 TeV: boost in cross-section, especially interesting for rare decay
modes and production processes, e.g. tt+X

« 2016 dataset: 36 fb~!, many more tt pairs than run 1

+ many improved and new top properties measurements are in preparation

Pieter David (UCLouvain-CP3) Top properties @ CMS DIS 2017 13
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