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Taking the SM to higher dimensions
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— a global approach
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|dentifying patterns of new physics

design sensitive observables
- precise SM predictions
- precise SMEFT predictions

- precise measurements

— leverage correlations
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Precision at ete™
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Electroweak sector

The enduring ‘model-killing' legacy of LEP, brought to a new level.
(mz, Tz, Arg, Rx, a(mz), my, m;, etc.)
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Higgs sector

Reach the sub-percent.

Go quantum!

Just as LEP for the EW sector.
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Higgs sector
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Higgs sector

[Higgs@FC '19]

I i 1 1 0 i 1 e
g?IZZ g?IWW g:lyy g:IZy gﬁlf;g g:ltt g:lcc g?lbb gflrr g:l‘m 5912 6KY /\Z

Gauthier Durieux — FCC-week — 30 June 2021

101-| W HL+HELHC c HLACLG o Q HL+FCCuzi E)’IOﬂ . .
Hepdrc v SMEFT fit B HL+LCiog M HL+CLICa000 B HL+FCCogion [Ellis,You '15]
v . N
[Ellis et al "17]
| | [de Blas et al '16]
L R | el | {102 _
p [CD e o1 (]
improvement wrt. HL-LHC 7]
"""" e _ egr
BOGES - - oo Mgl oo R e s e o ]
TEES-------| NEE------- BN -
“TEEE .. - PR ...m PR 7]
| IEEEE S —
L N i
Ghzz GAww gbe GHrr
Bry_,p5 =~ 60% Brarr >~ 6%


http://arxiv.org/abs/1905.03764
http://arxiv.org/abs/1510.04561
http://arxiv.org/abs/1701.04804
http://arxiv.org/abs/1611.05354
http://arxiv.org/abs/1704.02333
http://arxiv.org/abs/1708.09079
http://arxiv.org/abs/1708.08912
http://arxiv.org/abs/1711.03978
http://arxiv.org/abs/1711.04046
http://arxiv.org/abs/1907.04311
https://indico.cern.ch/event/995850/timetable/

Higgs sector

[Higgs@FC '19]
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Higgs sector

[Higgs@FC '19]
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EW-Higgs interplay

[de Blas, GD, Grojean, Gu, Paul '19]

Contaminations from EW coupling uncertainties must be controlled!
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EW-Higgs interplay

[de Blas, GD, Grojean, Gu, Paul '19]

Contaminations from EW coupling uncertainties must be controlled!

4 A
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o lo)hle

- Z-pole is crucial
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EW-Higgs interplay

[de Blas, GD, Grojean, Gu, Paul '19]

Contaminations from EW coupling uncertainties must be controlled!
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- Z-pole is crucial
- WW threshold doesn't

- energy doesn’t hurt
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Higgs self coupling: go quantum!

- NLO sensitivity (finite and gauge-invariant NLO EW subset)

- dominated by ete™ — hZ at threshold [McCullough '13]
[Gorbahn, Haisch '16]
ot 7 o 7 [Degrassi et al. '16]
' b [Bizon et al. '16]
~Q ‘:l h””j Vemmnp [Degrassi et al. '17]
e “hoe " h \\jr;,’ [Kribs et al. '17]
[Maltoni et al. '17]
ZNLO/ZIS\]I\fo ~1+ (C]_ — 00031) Ok + ... [Di Vita et al. '17]
— :
20F ete” = hZ 4
E ete” = hwo 3
15F =
?3 E ete™ — hete ]
x 10F \ ete” >t
© sp i
F x 0.1 ]
0F =
P R ‘
200 500 1000 3000

Vs [GeV]
— few permil hZ measurement naively implies a few 10% constraint
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Higgs self-coupling

[Di Vita et al. '17]

- individual Ax’=1 limit (14%) much tighter than global ones (460, 110, 50%)
- 350 GeV run necessary to lift approximate degeneracies, without LHC
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Top_quark SeCtOF [GD, Perellé, Vos, Zhang '18]

[see also Janot '15]
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difficulties at FCC-ee:

- small energy lever arm
to separate ttV and ttee

unknown interplay
with m;, ['; extractions
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Top_quark SeCtOF [GD, Perellé, Vos, Zhang '18]

[see also Janot '15]

vertex and dipole ttZ,tty & contact ttee interactions
accessible in eTe™ — tt
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- small energy lever arm
to separate ttV and ttee

unknown interplay
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Top-quark interactions: go quantum!

[ At the Z pOle, in myy and rW [Zhang, Greiner, Willenbrock '12]
e In diboson production [GD, Gu, Vrionidou, Zhang '18]
t
t t
e In nggs [Vrionidou, Zhang, '18]

[see also Boselli et al "18]
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Top_H|ggS |nterp|ay [GD, Gu, Vrionidou, Zhang '18]
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- extra parameter space covered thanks to loop sensitivity

- room for improvement between glo. and ind. constraints
(with more differential information?)
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Top-Higgs interplay

[GD, Gu, Vrionidou, Zhang '18]
[see also Jung, Lee, Perellé, Tian, Vos '20]
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nties contaminate Higgs extractions!
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Probing heavy new physics systematically at FCC

SMEFT leverages precision measurements
to cover theory space systematically

and identify patterns of new physics.

FCC-ee would bring LEP EW legacy below a new bar,
probe Higgs interactions to the quantum level,
giving access the top and hhh coupling loops,

exhibiting the interplay between Higgs-EW-top sectors.
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