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Outline

The Outline
Constraints from Global Fits of Data
+ Improvements from Machine/Experiments
+ Improvements from Theory
Global Fits @ the HL-LHC

fitting several observables @ high lumi
Conclusions
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Constraints from Global Fits

+ The High Luminosity Phase of the LHC (HL-LHC Schedule)

pp collisions @ 14 TeV, L=5-7.5×1034cm−2s−1

integrated luminosity: 3000 to 4000 fb−1

pile-up: 140→ 200 / bunch crossing
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Constraints from Global Fits

[Improvements from Machine/Experiments]

+ Projections @ HL-LHC based on:
Full simulation of reconstructed objects
Extrapolations of existing results (scale factors applied)
Parametrizations of detector sresponses (particle-leve
objects reconstruction i.e., resolution effects, fake rates,
etc.)
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Constraints from Global Fits

[Improvements from Machine/Experiments]

+ Systematic Uncertainties @ HL-LHC:
No MC simulation uncertainty, in general
Statistical uncertainties, scale with luminosity, 1/

√
L

Theoretical uncertainties→ reduce by ×2, if unavailable
Analysis methods uncertainties→ keep the same
Intrinsic detector response→ keep the same
Flavour-tag→ reduce by 2 (due to improved tracker,
resolution and coverage)
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Constraints from Global Fits

[Improvements from Theory]

+ Effective Field Theory approach (EFT):
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<latexit sha1_base64="4CIauQwgDnkkhvaxUbnKqPAg10c=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIBCcoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6VYM5KBas+t2Dr5InILUWIHmoPrVH4Yi9jEgocCYnmNH5CagSQqFs0o/NhiBmMAYeykNwEfjJnnUGT+KDVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWkol7cOZ/36RtE/qzmndvjmrNS6LZsrsgB2yY+awc9Zg16zJWkywMXtiz+zFerRerTfr/We0ZBU7++wPrI9v6USSSg==</latexit> (*)

(*) Difficult to remember what every c is… in what follows use LEP as comparison
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Constraints from Global Fits

[Improvements from Theory]

+ Effective Field Theory approach (EFT):

Dimension 6 Operators:

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653,
Grzadkowski et al arxiv:1008.4884
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Constraints from Global Fits

[Improvements from Theory]

+ Effective Field Theory approach (EFT):
Example of top quark operators:

Antonio Onofre Constraints From Global Fits



10/20

Constraints from Global Fits

[Improvements from Theory]

+ Towards a Global SMEFT Fit:

Maltoni et al., arXiv:1901.05965

34 d.o.f., ≥ 100 observables
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Constraints from Global Fits

[Improvements from Theory]

+ Towards a Global SMEFT Fit: Results

Maltoni et al., arXiv:1901.05965 [LHCTopWG EFT note, arXiv:1802.07237]
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Outline

Extrapolation test, from 13 to 14 TeV:

Constraints from Global Fits of Data
+ @ HL-LHC
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Global Fits of Data

The objective: extend the studies already performed at
the LHC on top quark Anomalous Couplings/EFT in
t →Wb decays to HL-LHC
Several processes under study to
probe the Wtb vertex1:

Top quark pair production (t t̄)
(i) semileptonic channel
(ii) dileptonic decays

single top quark physics
(i) t-channel (single lepton)
(ii) Wt-channel (dileptonic decay)

EFT/anomalous couplings
studied associated
to the Wtb vertex

1
JHEP1206(2012)088, EPJC77(2017)264, JHEP04(2017)124, JHEP04(2016)023, JHEP12(2017)017,
PLB717(2012)330, PRD90(2014)112006, PLB716(2012)142, PLB756(2016)228, EPJC77(2017)531,
JHEP01(2016)064, JHEP04(2017)086, JHEP01(2018)63, EPJC78(2018)186
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Top quark pair production (t t̄)

+ Observable(s): angular distribution(s) cos θ∗` [F0,FL,FR]

F SM
0 = 0.687 ± 0.005

F SM
L = 0.311 ± 0.005

F SM
R = 0.0017 ± 0.0001

@ NNLO QCD calculation, PRD81(2010)111503
(F0 + FL + FR = 1)

EPJC77(2017)264
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Top quark pair production (t t̄)

Summary of W -boson helicity meas. @ LHC

1.5− 1− 0.5− 0 0.5
W boson helicity fractions

ATLAS+CMS Preliminary
LHCtopWG

November 2017

RF LF 0F

=7 TeVsLHC combination, 

-1=20.2 fb
int

=8 TeV, LsATLAS 2012 single lepton, 

 *-1=2.2 fb
int

=7 TeV, LsCMS 2011 single lepton, 

-1=5.0 fb
int

=7 TeV, LsCMS 2011 single lepton, 

-1=35 pb
int

=7 TeV, LsATLAS 2010 single lepton, 

-1=1.04 fb
int

=7 TeV, LsATLAS 2011 single lepton and dilepton, 

-1=19.7 fb
int

=8 TeV, LsCMS 2012 single top, 

-1=19.8 fb
int

=8 TeV, LsCMS 2012 single lepton, 

-1=19.7 fb
int

=8 TeV, LsCMS 2012 dilepton, 

LHCtopWG
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025 

EPJC 77 (2017) 264

CMS-PAS-TOP-11-020

JHEP 10 (2013) 167

ATLAS-CONF-2011-037

JHEP 1206 (2012) 088

JHEP 01 (2015) 053

PLB 762 (2016) 512

CMS-PAS-TOP-14-017

* superseded by published result

Theory (NNLO QCD)
PRD 81 (2010) 111503 (R)

)0/FL/F
R

Data (F

total   stat

∆F0/F0 ∼2.7% (3.7× theo. unc.)

∆FL/FL ∼5% (3.1× theo. unc.)

FR=-0.008±0.014
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Single top quark production

Processes currently under study:

t-channel (Wt-prod.)

+ Observables: 2D angular distributions in t-channel production as a function of 6

spin observabels < S1,2,3 >, < T0 >, < A1,2 > [PRD 93 (2016) 011301]

1) Double-differential distribution:

2) AFB and AEC Asymmetries:
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Single top quark production

Asymmetries with associated angular distributions [JHEP04(2017)124]:

Spin Measurements:

< S3 >= -0.35 ± 0.10

< T0 >= -0.55 ± 0.13

< S2 >= +0.06 ± 0.05

< S1 >= +0.52 ± 0.12

< A2 >= -0.05 ± 0.10

< A1 >= +0.27 +0.17
−0.19
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Single top quark production

Triple-differential (3D) decay rates of polarised top quarks

+ define specific coordinate system (in t centre-of-mass):

1) System Definition (in t-system):

ẑ = p̂∗
W = #»p ∗

W /|
#»p ∗

W |,
#»p ∗

s =spectator quark mom.

ŷ = p̂∗
s × p̂∗

W , x̂ = ŷ × p̂∗
W

2) Triple-differential distribution:

AλW ,λb
= helicity amplitudes

Results Interpreted in Terms of Anomalous Couplings (VR , gL, gR ) + next slide
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Anomalous couplings/EFT parameters in global fits

General Wtb vertex Eur.Phys.J. C50 (2007) 519-533

L = −
g
√

2
b̄ γµ (VLPL + VRPR) t W−

µ −
g
√

2
b̄

iσµνqν
MW

(gLPL + gRPR) t W−
µ

vector (VR) and tensor like couplings (gL, gR) zero @ tree level in SM

+ EFT parameters: anomalous couplings described by effective operators
OuW ,OdW , O(3)

φq and Oφud i.e., constraints on anomalous couplings equivalent to
constraints on EFT parameters (a more integrating framework) [arXiv:1802.07237]

PRD 97 (2018) 1, 013007 (TopFit), arXiv:1811.02492 Fits
Using:

σ, Whel ,

AFB @

7,8,13 TeV
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Conclusions

Global SMEFT Fits to Data:
1) SMEFT is a consistent way to look for BSM and test the SM (a

bit á la Fermi Physics)
2) going global has a direct impact on the Wilson coefficients

sensitivity: including more observables is mandatory
3) including NLO and O(1/Λ4) have an impact and can be different

operator-by-operator
4) SMEFT in the top sector, in the interface of the Higgs sector and

including EW effects, important

5) need to go global

SMEFT Fits @ HL-LHC (the real future):
1) the gains from RUN 2 to the HL-LHC exist but,
2) new data analysis strategies to improve sensitivity need to be

considered

3) Gaining less than 1 order of magnitude over a period of 20
years?
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