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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 e+e− → t t̄).

[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?

Gauthier Durieux – LCWS – 17 March 2021 3
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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 × U(2)u × U(2)d among first two quark gen.
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· 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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)
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· 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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)
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· 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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)
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/

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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)
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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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)
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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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)

P(e−, e+) = (−0.8, +0.3), L = 250 fb−1

e+e− → ff + X
[Ueno ’18]
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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. ALR in radiative Z -pole return)

· higher energy runs help (in specific directions)
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Giga-Z at linear colliders
LEP: 17 × 106 Z ’s
SLC: 0.6 × 106 Z ’s
Tera-Z: 5 × 1012 Z ’s

radiative return at ILC250: 90× 106 Z ’s [LCC Physics WG ’19]
δALR(= Ae) ∼ 0.1% stat.+sys. ∼SLC/10 (fast sim.) [Ueno ’18]

Giga-Z with 100 fb−1 and 30/80% polarization: 5× 109 Z ’s

[ECFA WG ’19]

gHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZgHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZgHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZgHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZ

10-1

1

10

10-4

10-3

10-2

δ
g
i/
g
i[
%
]

δ
g
aT
G
C

HL+ILC250 HL+ILC500 HL+CLIC380 HL+CLIC3000 HL+CEPC HL+FCCee240 HL+FCCee365
Result including Giga-Z at linear colliders

Dark/Light: SMEFTPEW (Perfect EWPO) / SMEFTND (Global fit)

δgZZ
H δgWW

H

Giga-Z

perfect EW

rad. return incl.

IL
C2

50
IL
C5

00
CL

IC
38
0

CL
IC
30
00

CE
PC

FC
C2

40
FC

C3
65

Gauthier Durieux – LCWS – 17 March 2021 6

http://www.arXiv.org/abs/1908.11299
https://agenda.linearcollider.org/event/7889/contributions/42503/
https://arxiv.org/abs/1905.03764
https://indico.cern.ch/event/995633/#all.detailed


Giga-Z at linear colliders
LEP: 17 × 106 Z ’s
SLC: 0.6 × 106 Z ’s
Tera-Z: 5 × 1012 Z ’s

radiative return at ILC250: 90× 106 Z ’s [LCC Physics WG ’19]
δALR(= Ae) ∼ 0.1% stat.+sys. ∼SLC/10 (fast sim.) [Ueno ’18]

Giga-Z with 100 fb−1 and 30/80% polarization: 5× 109 Z ’s

[ECFA WG ’19]

gHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZgHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZgHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZgHZZ
eff gHWW

eff gHγγ
eff gHZγ

eff gHgg
eff gHtt

eff gHcc
eff gHbb

eff gHττ
eff gHμμ

eff δg1 Z δκγ λZ

10-1

1

10

10-4

10-3

10-2

δ
g
i/
g
i[
%
]

δ
g
aT
G
C

HL+ILC250 HL+ILC500 HL+CLIC380 HL+CLIC3000 HL+CEPC HL+FCCee240 HL+FCCee365
Result including Giga-Z at linear colliders

Dark/Light: SMEFTPEW (Perfect EWPO) / SMEFTND (Global fit)

δgZZ
H δgWW

H

Giga-Z

perfect EW

rad. return incl.

IL
C2

50
IL
C5

00
CL

IC
38

0
CL

IC
30

00
CE

PC
FC

C2
40

FC
C3

65

Gauthier Durieux – LCWS – 17 March 2021 6

http://www.arXiv.org/abs/1908.11299
https://agenda.linearcollider.org/event/7889/contributions/42503/
https://arxiv.org/abs/1905.03764
https://indico.cern.ch/event/995633/#all.detailed


Higgs-TGC / EW correlations
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Higgs-TGC / EW correlations
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correlations remaining
between EW and Higgs-TGC
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Higgs-TGC / EW correlations

Higgs
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without Z -pole run,
with polarization
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Higgs-TGC / EW correlations
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without Z -pole run,
with polarization,
with high energy
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Global EW constraints

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