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The top quark in the
Standard Model
… and why it is important
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Top-quark history







[Phys. Rev. Lett. 39 (1977) 252]

2 ∙ 𝑚𝑏 ≈ 10 GeV
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Top quarks at the LHC
A factory



Top quarks at the LHC
The LHC and its four main experiments
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Top-quark production









σ𝑝𝑝→𝑋 =

𝑖𝑗

ඵ𝑑𝑥𝑖 𝑑𝑥𝑗𝑓𝑖 𝑥𝑖 , μ𝐹 𝑓𝑗 𝑥𝑗 , μ𝐹 ⋅ ෝσ𝑖𝑗→𝑋 α𝑆 μ𝑅 , 𝑄2, μ𝐹 , μ𝑅
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Top-quark production

[LHCTopWG]



 𝜏~4 ∙ 10−25 s

 𝜏 < Τ1 Λ𝑄𝐶𝐷 ~3 ∙ 10
−24 s
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Top-quark signatures



Question to you

Why is the decay of the top quark so much quicker 
than that of the neutron?

𝒏

𝒑 𝜏~4 ∙ 10−25 s𝜏~15 min
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Top-quark signatures

[ATLAS public web page]



Measurements
Again, a biased selection to explain the concepts



Measurements
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Measurements

[Phys.Lett. B717 (2012) 129]











Measurements

[Eur. Phys. J. C 79 (2019) 382]
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[PRL 111 (2013) 211804]
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Measurements

𝐹0 =
𝑚𝑡𝑜𝑝
2

𝑚𝑡𝑜𝑝
2 + 2𝑚𝑊

2 ≈ 0.70(LO) → 0.687 ± 0.005(NNLO)

𝐹𝐿 =
2𝑚𝑊

2

𝑚𝑡𝑜𝑝
2 + 2𝑚𝑊

2 ≈ 0.30(LO) → 0.311 ± 0.005(NNLO)

𝐹𝑅 = 0∗(LO) → 0.0017 ± 0.0001(NNLO)

* assuming mb=0 GeV

[Phys. Rev. D 81

(2010) 111503]





Measurements

SM prediction:             ~0%                                        ~31%                          ~69%

Reverse

momentum 
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Measurements

[Eur. Phys. J. C (2017) 77]
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Interpretations in EFTs
Building bridges to the world of flavor









Interpretation in EFTs

1 TeV
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Interpretation in EFTs
[Suggestion: arXiv:1401.0470]

ℒ = ℒ𝑆𝑀 + 

𝑑>4,𝑖

𝐶𝑖
𝑑

Λ𝑑−4
𝑂𝑖

𝑑
+ ℎ. 𝑐.







Interpretation in EFTs
[Suggestion: arXiv:1401.0470]
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Interpretation in EFTs

Only flavor physics Only top-quark physics





Interpretation in EFTs







Interpretation in EFTs

[arXiv:1912.06090]
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