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Goal: measure top quark couplings in Wib
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The Wib vertex structure in tt events

Angular distributions allow studying the vertex:
[Few observables=Fq ; g, Ay o, pL,Al

o Longitudinal fraction

W_ Left-Handed fraction W, Right-Handed fraction
Fr Fr

W bosons produced with different helicities:
FM = 0.687 £ 0.005

F™M =0.311£0.005 FM =0.0017 & 0.0001,
(Fo+F+Fr=1)

@ NNLO QCD calculation, Phys. Rev. D81 (2010) 111503
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The Wib ve cture in tf events
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Summary of W-boson helicity meas. @ LHC %

ATLAS+CMS Preliminary LHCIOPWG May 2017
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total stat

I Theory (NNLO QCD) FR FL F0

PRD 81 (2010) 111503 (R)

—e-#—+ Data (F JF /F;)
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ATLAS 2010 smgle lepton, s=7 TeV, L_=35pb" H—H H———H

ATLAS-CONF-2011-037
ATLAS 2011 single lepton and dilepton, r 7 TeV, L =104 b H i
JHEP 1206 (2012) 088
CMS 2011 single lepton, Ys=7 TeV, L _221b'* HaH b——H

CMS-PAS-TOP-11-020
LHC combi {s=7 Tev Ll HH

tio
ATLAS-CONF-: 201:033 C‘MS PAS-TOP-12-025
ATLAS 2012 single lepton, Ys=8 TeV, L, =202 b o
EPJC 77 (2017) 264
CMS 2011 single lepton, Ys=7 TeV, L =5.01b L] H-4
JHEP 10 (2013) 167
CMS 2012 single top, Ys=8 TeV, L,_=19.7 fo" il H
JHEP 01 (2015) 053
CMS 2012 single lepton, {s=8 TeV, L —19 8o’ o H
PLB 762 (2016) 512

CMS 2012 dilepton, ¥s=8 TeV, L_=19.7 fo" el Fad
CMS-PAS-TOP-14-017
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* superseded by published result |
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W boson helicity fractions

\ AFy/Fo=3%, AF,/F=5% Fr=-0.008+0.014




Single top quark physics

@ All single top quark production cross sections used @ LHC:

Lriod

t-channel (Wt-prod.) (s-channel)

@ Angular distributions in f-channel exploited
helicity formalism, PRD 93 (2016) 011301
15 full spin-density matrix for W helicity fractions
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o mormestim i the ] JHEPO4 (2017) 124 \

top rest frame

Asymmetry Angular observable  Polarisation observable  SM prediction

N ALy cos 0 lacP 045
spectator quark in the 3
top rest frame A'F‘ﬁ cos By cos 6 §PFr+ F) o010
i Arp cos HS3) =3 (Fr - FL) -0.23
) " charged lepton in the Arc cos6 Wi =4a-3r) 020
N (-9) + W rest frame T T 3

: Arg cos 6] Usy 034

ANy cos 6 -2 0
Ay cos 6 cos ¢ - -0.14

AN cos6; cos By, 2(A2) 0

T (2)
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nomalous couplings/EFT parameters in global fits

General Wib vertex Eur.Phys.J. C50 (2007) 519-533
g z = g ;io*qy =
= ——_by*(WPL+ VrPr)t W, — —b P+ tw
/3 Y (WP RPR)t W, N (9LPL + grPR)t W,

Vector (V&) and Tensor like couplings (g1, gr) zero @ tree level in SM

@ Angular distributions of the top decay products (and asymmetries) can be used
to probe anomalous couplings at the Wib vertex I=5° Combination is the game!

JHEP 04 (2017) 124
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H PRD 97 (2018) no.1, 013007 PRD 97 (2018) 1, 013007 (TopFit)
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Observables (O) Pull Distributions
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W boson spin observable

@ All couplings allowed to vary (Real and Imaginary parts)
I Still significant room for improvement?

@ We expect to perform the same type of combination @ HL-LHC and HE-LHC
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Conclusions

@ tt as well as single top quark observables expected to be
studied for HL-LHC as well as HE-LHC

@ The team: F. Déliot, M.Fiolhais, A. Onofre, R.Faria,
P.Lagarelhos, C.M.Pease (HL-LHC generation and analysis)
R.Martins and A.Reigoto (for HE-LHC generation, simulation)

@ The timescale: two deadlines ahead (before December 2018)
ie.,
June 2018, first results expected to be progressively available
September 2018, for TOP2018

@ The deliverables:
Progressively understand how observables change sensitivity to

anomalous/EFT parameters

Probably we need to understand what High Precision
means @ HL-LHC and HE-LHC
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