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e Only starting thinking about this when | was invited
to give this talk last month.

Do not claim to be exhaustive, almost certainly other
Interesting things to say about top quarks at FCC-hh.

o Top quarks are interesting and important, won'’t give
any other motivation.



Energy | Luminosity | o (pb) Nz

LHC I 8 TeV 20 fb—1 250 5 - 10°
HL-LHC | 14 TeV 3 ab~1 1,000 | 3-10°

FCC 100 TeV 1 ab~! 3-10* | 3-10%
FCC-HL | 100 TeV | 30 ab—! 3-10% 1012

Enormous sample of top pairs at FCC.
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Use large sample of tops to search for flavour
violating decays:

Process SM

t—Zu  7x10717
t—Zc 1x1071
t—gu 4x107
t—gc 5 x10712
t—yu 4x1071°
t—~vc Hx1071
t—hu 2x10717
t—he 3x1071°

Decays essentially forbidden in SM, discovery would
be definite sign of new physics.
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Use large sample of tops to search for flavour
violating decays:

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t— Zu 7x10717 - - <107 <10°° _
t—Zc 1x10714 <1076 <1071 <1077 <107% <10°°
t—gu 4x107 — — <1077 <106 _
t—gc 5 x10712 <104 <107® <1077 <107% <1071
t—yu 4x10716 — — <107 <1077 -
t—~vc Hx1071 <1077 <1079 <107% <107? <107°
t—hu 2x10717 6x107° —~ <107° <107° —~
t—>hc 3x1071 2x1073 <107° <107® <107? <107

Many models of new physics can accommodate

much larger rates.
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Also charged current rare decays, t — Wq (q # b).
Can also be probed in single top processes.
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If top quark is very boosted, decay products are very
collimated.

Top Quark Decay

at rest fat jet

Granular calorimeter eventually loses ability to find
sub-jets.



HPTTopTagger using
tracking information can
work at very high boost.

Motivates very granular
tracker.

top quark tagging efficiency

Further detector studies
needed.
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Use top tagging techniques
to look for resonances.

High mass tt resonances

predicted in many BSM 8
models (RS/composite
Higgs for example).
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Can also have dips and
other strange features

in spectrum. 960F "R

eV]

/G

Further study
necessary.
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" RUMU-MU NV

Top can have chromo-electric or chromo-magnetic
dipole moment.

Js + . Aa
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Generic if new coloured fields that talk to top exist.
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Use boosted top quarks
to look for these effects.

High invariant mass
gives better sensitivity.

Sensitive to EFT
scale ~ b0 TeV.
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100 TeV > T

|s there top content in
the proton at 100 TeV?

Useful in producing
resonances that
couples to Higgs.

Formally resumming logs.




100 TeV =>> My

|s there top content in
the proton at 100 TeV?

Can also use to probe top
compositeness.



BR(B — D™ rv)
R(D™) =
(D7) = BR(B = D)

Anomaly in lepton flavour
universality seen in 3 expts.

More work to do to confirm.

If its from new physics,
should couple to top quarks.
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Left-handed charged current coupling dominantly to
third generation can potential explain anomaly.

Gives new contribution to t — brv, but its very small
O(10-3) contribution to the rate.



2-body 4 3-body

mw > My, can integrate it out.

NP decay has very different kinematics.
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2-body l 3-body

Very precise measurement of b-quark energy
spectrum can be sensitive to this effect.

Do not have measure tau energies.



Z-body 4 3—body

Helped by large rate at FCC.

General probe of structure of third generation.






