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Outline
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The top quark

The top quark was discovered by
CDF and D0 in 1995, almost 30 years ago
PRL74 2626-2631 (1995);
PRL74 2632-2637 (1995).

Properties:
belongs to 3rd generation of quarks
the top quark is the weak-isospin
partner of the b-quark
spin = 1/2
charge = +2/3 |e|
heaviest known fundamental fermion
(mt = 173.34± 0.76 GeV, World comb.(2014), arXiv:1403.4427)
dominant decay mode: t → bW
BR(t → sW ) ≤0.18%, BR(t → dW ) ≤0.02%
ΓSM

t = 1.42 GeV (including mb, mW , αs , EW corrections)
τt =(3.29+0.90

−0.63) ×10−25s (D0, PRD 85 091104, 2012)

� Λ−1
QCD ∼(100 MeV)−1 ∼ 10−23s (hadronization time)

⇒ top decays before hadronization takes place
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t t̄ production at the LHC
Production at the LHC:

σ(t t̄)=177.3±9.9+4.6
−6.0 pb @ 7 TeV, σ(t t̄)=252.9±11.7+6.4

−8.6 pb @ 8 TeV,

σ(t t̄)=832+40
−46 pb @ 13 TeV, σ(t t̄)=924+32

−40 pb @ 13.6 TeV

NNLO+NNLL, mt =172.5 GeV PLB 710 612 (2012), PRL 109 132001(2012),
JHEP 1212 054(2012), JHEP 1301 080(2013), PRL110 252004 (2013).
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t t̄ production @ the LHC and Tevatron

Cross-Section Measurements up to 13.6 TeV
+ New ATLAS+CMS Results (April 2024)
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NNLO+NNLL, PDF4LHC21 (pp)

)pNNLO+NNLL, PDF4LHC21 (p

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
 0.001±) = 0.118 

Z
(Msα = 172.5 GeV, topm

) [1]-18.8 fb ≤Tevatron comb. (1.96 TeV,  
) [2]-1, l+jets (5.02 TeV, 257 pbµ, eµµATLAS comb., ee,  

) [3]-1, l+jets * (5.02 TeV, 302 pbµCMS comb., e 
) [4]-1 (7 TeV, 5 fbµWG, etopLHC comb., LHC 

) [4]-1 (8 TeV, 20 fbµWG, etopLHC comb., LHC 
) [5]-1 (13 TeV, 140 fbµATLAS, e 

) [6]-1 (13 TeV, 35.9 fbµCMS, e 
) [7]-1ATLAS, l+jets (13 TeV, 139 fb 

) [8]-1CMS, l+jets (13 TeV, 137 fb 
) [9]-1 (13.6 TeV, 29 fbµATLAS, e 

) [10]-1, l+jets (13.6 TeV, 1.2 fbµ, eµµCMS, ee,  

* Preliminary

[1] PRD 89 (2014) 072001
[2] JHEP 06 (2023) 138
[3] CMS-PAS-TOP-23-005*
[4] JHEP 07 (2023) 213
[5] JHEP 07 (2023) 141

[6] EPJC 79 (2019) 368
[7] PLB 810 (2020) 135797
[8] PRD 104 (2021) 092013
[9] PLB 848 (2024) 138376
[10] JHEP 08 (2023) 204

ATLAS+CMS Preliminary
WGtopLHC April 2024
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t Production @ the LHC
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Global Fits of Data

Why is it necessary a precise
model-independent measurement of the Wtb
vertex structure?

It may reveal physics beyond the Standard Model
Vtb could be different from the Standard Model value
Anomalous couplings may appear at the vertex

It may help understand possible other new physics beyond the
Standard Model

top quarks decay almost exclusively to t → W +b
understanding the structure of the Wtb vertex helps
revealling possible non-standard t t̄ production at LHC,
Zt t̄/γt t̄ couplings at ILC, etc.
important for B and K physics (indirect limits on anomalous
couplings, see later)
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Global Fits of Data

Main objective: perform a global fit of data @ LHC on top
quark Anomalous/SMEFT Couplings in t → Wb decays
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 (dilep. decay)

SMEFT/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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Global Fits of Data

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

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

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

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

σ, Whel ,

AFB @

7,8,13 TeV
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Global Fits of Data

How do we probe these SMEFT/Anomalous Couplings?
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Global Fits of Data

How do we probe these SMEFT/Anomalous Couplings?
.....by measuring observables that depend on them!
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Global Fits of Data (t t̄ production @ the LHC)

+ Example of Decay Observable: 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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Global Fits of Data (t Production @ the LHC)
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Global Fits of Data
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Global Fits of Data

Ready to Perform the Global Fit with Experimental Data!
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Global Fits of Data

+ Observables Correlations
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Global Fits of Data

+ Couplings Correlations (after fits, complex couplings)
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Global Fits of Data

+ Couplings Correlations (after fits, real couplings)

Antonio Onofre LHC Physics Course, 19th March



21/31

Global Fits of Data

+ Couplings Results (complex couplings)
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Invisible systems in t t̄ events
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END
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