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> 1 TeV?

composite states

-
NGBs SO(5)— SO(4)

bosons + fermions

Strong interaction top flavour



Strong interaction top flavour

A
| [ehie composite states
_
f /NGBS SO(5)— SO(4)
guuging

SU(2) x U(1)

mixing
bosons + fermions
oy




strongly-interacting top flavour

> 1 TeV? / /
g

two main model-building ingredients

v weak gauging of subgroup

¥ fermion masses through mixing with

baryonic matter [Kaplan *91]
[Agashe, Contino, Pomarol " 04]...

minimal phenomenological version

v Bl 05— s0(4) = SU)
e.g. [Contino " 10]...
/ v realistic scenarios more complicated

[Ferretti * 14]...
0 e
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strongly-interacting top flavour

L D v |91 PL + 9rPr|tZ,
+ " gy P+ gnPr|bZ,
+ (6’7'“ [VLPL + VRPR] tW’J— + hC)

Vi = —% [1 + 5W,L] etc.

Sw. € [—0.029,0.019],
5 ;. € [-0.639,0.277],

Sw.r € [—0.009,0.009],
5y p € [~1.566,1.350].

[Azatov etal.” 15]

model correlations l [Sannino etal. * 17]

Sw € [-0.025,0.02],
5% 1 € [~0.073,0.06],

Sw.r € [~0.0014,0.0013],
8y p € [-0.33,0.37

existing direct top partner constraints in the range of = 1.5 TeV

[Matsedonskyi, Panico, Wulzer * 15]
tEieral: 19]

theoretical uncertainties are main sensitivity limitations, adding

additional channels does not change this picture dramatically



the future of strongly-interacting top flavour
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bottom-up approach: EFT

theoretical ambition

. cherey
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Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A_Q) , Marginalised

...well underway

mamny paramecters...

flavour-agnostic results:
0.1-1/TeV2 sensitivity

improvements towards

HI-LHC possible via
data

== HL-LHC == HL-LHC, individual

—®— SMEFiIT3.0, individual [Celada etal. * 24]




...well underway

many parameters o

@ flavour-agnostic results:
0.1-1/TeV2 sensitivity

® i improvements towards
HL-LHC possible via
. data
J

but also through
edges lor feature correlation optimised new physics
classifiers

c.g. GNNs

nodes with features
[pTa 1, ¢7 F,m, PID]




top pair production + semi-leptonic decays

EFT approach

fractional improvement over collider observables

[CMS *16] 2.3 b ! 3 ab™!

...well underway
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many parameters o

flavour-agnostic results:

0.1-1/TeV2 sensitivity

improvements towards

HL-LHC possible via
data

but also through
optimised new physics
classifiers

[Brown etal. “21]




bottom-up approach: EFT

theoretical ambition
A €nergy
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O(100 GeV)

measure




bottom-up approaches.

| I top
{ I smelli

—_
-]
o

[Aebischer etal.” 18]
| [van Dyk etal.” 21, " 25]

| [Atkinson etal. * 24]

Naive NP scale [TeV]
=

LLHC measurements largely quark
flavour-blind (with exceptions)

top sector motivated to establish
RGE-informed B/K analyses

differential analyses to enhance
tensions underway...

inclusive top pair production [ATLAS " 23]
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Experiment
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Drell Yan [Grunwald, Hiller, Kroniger, Nollen * 24, " 25]
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loopholes?

» right-handed down sector...

Oaa = (dpy"dp) (d5vudly).




loopholes?

» right-handed down sector...

=0 i) gk l
no Higes data Oud = (dpy"dp)(drYudR)-

sensitivity
no top data sensitivity
no EIEZW: data sensitivity

[Giudice, Gripaios, Sundrum " 11]

» is this relevant in the UV model landscape? YES! e o

State | Spin | SM charges | Tree-level generated operators

D3 0 (3, 1)2/3 O 44 [de Blas etal. " 18]
D 6) 0 (6, 1)2/3 OFF

B 1 (1,1)0 Ou, 06(1}1)7 05((11)7 O O 9 Ofbld), O, @ O O, OC(]Z),

O Onp, Ono, Ocrt, Oarr, Ourr, Oy, Og;, One, Ond, OHu
(87 1)0 06(121)7 06(12631)7 Odd7 Ouu; OiSd)a 06(12)7 OC(]Z)




loopholes?

» right-handed down sector...

=0 i) gk l
no Higes data Oud = (dpy"dp)(drYudR)-

sensitivity
no top data sensitivity
no EIEZW: data sensitivity

[Giudice, Gripaios, Sundrum " 11]

» is this relevant in the UV model landscape? YES! e o

State | Spin | SM charges
D3 0
D 6) 0

...scalar diquarks probe different partial composites scenarios!



coloured exotica vs lepton-specific

» direct production at hadron colliders, degenerate exclusion projections
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coloured exotica vs lepton-specific

» direct production at hadron colliders, degenerate exclusion projections
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coloured exotica vs lepton-specific

» direct production at hadron colliders, degenerate exclusion projections

llllllllllllllllllllllllllllllllllllllllllll

i (31 i UV flavour
: (3,1)2 /3 VS8 (6,1)s (3 down-type sector
S e : structures
107! 1072
e Expected 95% CL | 1 e Expected 95% CL
'8( +10 s.d. =y +lo s.d.
- +20 s.d. _= +20 s.d.
m 107 o) (yyy = 0.5) % 107 o) (v, = 0.5)
/>—<\ ................... (I)(B) (yéi) _ 0_5) /)_(\ ......................
SR N SR
Tl I m—
& ................... é ............
\b/ ................ ©
104 102 -
4 5) 6 7 8 20 25 30 35 40 0.5
M, [TeV] M, [TeV] '
HIL-LHC FCC-hh

collider+flavour

19



coloured exotica vs lepton-specific

» direct production at hadron colliders, degenerate exclusion projections
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coloured exotica vs lepton-specific

» direct production at hadron colliders, degenerate exclusion projections
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coloured exotica vs lepton-specific

» direct production at hadron colliders, degenerate exclusion projections
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Summary

» we have lots of puzzles but no substantiated answers




Summary

we have lots of puzzles but no substantiated answers (yet)
...but data is coming — challenging our assumptions/methods/ ...

combining the largest energy with the highest precision through
theoretically robust methodology might hold answers to some Qs

can expect good improvement towards HL-LLHC

FCC-ee prospects to go beyond the HL-LLHC... (not discussed here)




