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Higgs/EW interplay

With sub-percent precision on Higgs couplings,

current uncertainties on EW parameters
should become relevant!
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Uncertainties on top-quark param.
would become very relevant too
(assumed well constrained by
HL-LHC and ete™ — t ).

[GD, Gu, Vryonidou, Zhang '18]

[Jung et al '20]
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Questions

Impact of EW uncertainties
on Higgs coupling determinations?

Importance of Z-pole and WW-threshold runs?

Mitigation of their absence at linear colliders?

Impact of Higgs measurements
on EW parameters?
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Framework: global effective field theory

A global Higgs+EW EFT analysis (13+15 param.)
of CEPC, FCC-ee, ILC and CLIC prospects

combined with existing measurements (incl. LEP/SLC)

and detailed HL-LHC projections.

leaving aside EW top-quark couplings, CP and flavour violation
imposing U(2)q x U(2)u x U(2)g among first two quark gen.

Gauthier Durieux — LCWS — 17 March 2021


https://indico.cern.ch/event/995633/#all.detailed

Higgs-TGC constaints
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Higgs-TGC constaints
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15 EW param. also marginalized over / assumed perfectly constrained

- Z-pole run has a big impact
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Higgs-TGC constaints
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15 EW param. also marginalized over / assumed perfectly constrained

- Z-pole run has a big impact
WW threshold run has marginal impact
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15 EW param. also marginalized over / assumed perfectly constrained

Z-pole run has a big impact
WW threshold run has marginal impact

polarization helps compensating for the absence of Z-pole run
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Higgs-TGC constaints
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new electroweak measurement help (e.g. A/g in radiative Z-pole return)
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15 EW param. also marginalized over / assumed perfectly constrained

Z-pole run has a big impact
WW threshold run has marginal impact

polarization helps compensating for the absence of Z-pole run
new electroweak measurement help (e.g. A.g in radiative Z-pole return)

higher energy runs help (in specific directions)
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Higgs-TGC constaints
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new electroweak measurement help (e.g. A.g in radiative Z-pole return)

- higher energy runs help (in specific directions)
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Giga-Z at linear colliders

radiative return at ILC250: 90 x 10° Z’s
dALR(= Ae) ~ 0.1% stat.+sys. ~SLC/10 (fast sim.)

Giga-Z with 100fb~! and 30/80% polarization: 5 x 10° Z's

Quantity Current | HL-LHC | FCC-ee CEPC ILC CLIC
Giga-Z 250GeV | GigaZ 380 GeV
Smiop [MeV] | ~5009 | ~4009 | 207 | - - 177 | —1 20229
SMz [MeV] 2.1 - 0.1 0.5 - - - -
8Tz [MeV] 23 - 0.1 0.5 1 - 1 -
8T aa [MeV] 20 - - - 0.7 - 0.7 -
500, [pb] 37 - 4 5 - - - -
SMy [MeV] 12 7 0.7 ] 1.02-3)9 249 25
8Ly [MeV] 42 - 15 3 - - _
SBRy ey [1074] 150 - 3 3 - 4.2 - 11
SBRw_uy[1074] 140 - 3 3 - 4.1 - 11
SBRy cy[1074 190 - 4 4 - 52 - 11
SBRyy ypaal 1074] 40 - 1 1 - - - -
SA,[107%] 140 - 1.19 329 5.1 10 10 42
8A, [1074] 1060 - - - 54 54 13 270
SAL[107] 300 - | 319 52¢ 5.4 57 17 370
54, [1074] 220 - - - 5.1 6.4 9.9 40
A, [1074] 400 - - - 5.8 21 10 30
SALy [1074] 770 - 0.54 46 - - - -
SAL, [1074] 160 - 307 100 - - - -
SAL, [1074] 500 —| 80h 30/ - - - -
SR, [107%) 24 - 3 24 54 11 42 27
SR, [1074] 16 - 0.5 1 28 11 22 27
SR [107] 2 - 1 15 4.5 12 43 60
SRy [107] 31 - 2 2 7 11 7 18
SR, [1074] 170 - 10 10 30 50 23 56
SRy [1073]9) - - - - - 9.4
SRipy [1073]8) - 0.27 0.5 - - - -
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LEP: 17 x 100 Z’s
SLC: 0.6 x 10° Z's
Tera-Z: 5 x 1012 Z’s

[LCC Physics WG '19]
[Ueno '18]

[ECFA WG '19]


http://www.arXiv.org/abs/1908.11299
https://agenda.linearcollider.org/event/7889/contributions/42503/
https://arxiv.org/abs/1905.03764
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Giga-Z at linear colliders

radiative return at ILC250: 90 x 10° Z's

dAr(= Ae) ~ 0.1% stat.4sys. ~SLC/10 (fast sim.)

LEP: 17 x 10° Z's
SLC: 0.6 x 10° Z's
Tera-Z: 5 x 1012 Z’s
[LCC Physics WG '19]
[Ueno '18]

Giga-Z with 100fb~! and 30/80% polarization: 5 x 10° Z's
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Higgs-TGC / EW correlations

CEPC: FCC-ee: 3 30%): : 2 CLIC (% 80%, 0%):
@ 200GeV @D 240 GeV - 350 GeV
- 240 & 365 GeV'

- 250 & 350GeV - 380 & 1500 GeV
- 750 & 350 & 500 GeV 300 & 1500 & 3000 GeV
>50% O Perfect EW
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Higgs-TGC / EW correlations

correlations remaining
” between EW and Higgs-TGC

CLIC (% 80%, 0%):

- 350 GeV

- 350 & 1500 GeV/
3008

2 ey 1500 & 3000 GeV'
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Higgs-TGC / EW correlations

without Z-pole run,
with polarization

CEPC: FCC-ee: . 30%): . 2 CLIC (% 80%, 0%):
@ 200GeV @D 240 GeV - 350 GeV

- 240 & 365 GeV' - 350 & 1500 GeV/

300 & 1500 & 3000 GeV

v
- 250 & 350GeV
- 750 & 350 & 500 GeV
@— Correlation > 50% O Perfect EW
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Higgs-TGC / EW correlations

without Z-pole run,
with polarization,
with high energy

CEPC: FCC-ee: . 30%): . 2 CLIC (% 80%, 0%):
@ 200GeV @D 240 GeV - 350 GeV

- 240 & 365 GeV' - 350 & 1500 GeV/

300 & 1500 & 3000 GeV

v
- 250 & 350GeV
- 750 & 350 & 500 GeV
@— Correlation > 50% O Perfect EW
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Global EW constraints

15 EW parameters (13 Higgs-TGC ones also marginalized over)
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Global EW constraints
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Global EW constraints
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Global EW constraints
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Global EW constraints
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Global EW constraints
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Higgs measurements could help constraining Zee at linear colliders,
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Global EW constraints

15 EW parameters (13 Higgs-TGC ones also marginalized over)

=

[l HL-LHC S2 + LEP/SLD Il ILC 250GeV 3 2

Wl CEPC Z/WW/240GeV [ 1LC 250GeV/350GeV 5 ¢ “Coce cluded

Wl FCC-ee ZIWW/240GeV Ml ILC 250GeV/350GeV/500GeV LIC 380GeV/1.5TeV/3TeV H
Ml FCC-ee Z/WW/240GeV/365GeV|  P(e” 6*)=(¥0.8,:0.3) P(e”,6")=(70.8, 0)

107"

1072

So%  GuFe  Gay  oso¥ 6ok ool G9Y.  Gafe  Galy  6o¥L  Go¥k ool ool oo ook

Higgs measurements could help constraining Zee at linear colliders,
and Zdd couplings at the HL-LHC.*
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* only diboson and myy included as EW measurements
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Impact of a Z-pole run on Higgs/EW fits

At circular colliders, a Z-pole run is crucial for controlling EW
uncertainties in Higgs coupling determinations
(a WW threshold run isn't).

At linear colliders, radiative return and high energies help
mitigating the possible absence of Z-pole run.

Higgs measurements could otherwise help improving EW
parameter determinations.
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