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GOALS

Study effects of New Physics parametrized by SM dimension-six
operators in e+e− → hh at future lepton colliders

Perform sensitivity study for several benchmark values of energy
and integrated luminosity
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SM e+e− → hh

Tree-level and loop triangle diagrams

vanishing in the limit me → 0
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SM e+e− → hh

Loop box diagrams

provide the leading contribution σSM ∼ O(10−3-10−2fb)
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With large luminosities expected at future e+e− colliders, a few
hundred events might be collected

Cross sections can be enhanced by contributions coming from physics
beyond the SM
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No signs of New Physics so far at LHC

LHC results point to a new physics scale Λ & 1 TeV
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Standard Model EFT

If new particles lie at a scale Λ� υ,E their effects at low energies
are best parametrized by an effective Lagrangian Leff (SMEFT)

Leff = LSM + L(5) + L(6) + . . .

where

L(5) =
c(5)

Λ
O(5) L(6) =

∑
i

c
(6)
i

Λ2
O(6)

i L(8) = . . .

59 dimension-6 operators [ W. Buchmuller and D. Wyler, Nucl. Phys. B268
(1986) 621–653; B. Grzadkowski, M. Iskrzynski, M. Misiak and J. Rosiek, JHEP
10 (2010) 085 ]

ALBERTO TONERO (Carleton-U) 7 / 18



SMEFT contributions to e+e− → hh

In principle, all dimension-six operators relevant for Higgs/electron
interactions should be considered

Several of these operators (ones that modify ēeZ, eνW , hZZ and
hWW ) already (strongly) constrained from other observables at
LHC/LEP and we set them to zero

We are left with two classes of operators: ones that induce an
effective ēehh and ēet̄t couplings
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Our study

Just two EFT operators contribute (currently unconstrained)

ceϕ
Λ2

(ϕ†ϕ− υ2

2
)l̄LϕeR + h.c.

cet
Λ2
εij l̄

i
LeRq̄

j
LtR + h.c.
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Sensitivity study: expected bounds

We compute σ(e+e− → hh) as function of (
ceϕ
Λ2 , cet

Λ2 ,
√
s)

Chi-squared

χ2 = χ2(
ceϕ
Λ2

,
cet
Λ2
,
√
s) =

[
σ(

ceϕ
Λ2 ,

cet
Λ2 ,
√
s)− σSM(

√
s)
]2

δσ2

Uncertainty δσ2 = δσ2
stat + δσ2

sys (α = 0.1)

δσstat =
√
σSM/L δσsys = ασSM

To consider Higgs decays rescale σ by

k = BR(h→ f1f̄1)× BR(h→ f2f̄2)
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Future e+e− colliders

Exp
√
s (GeV) L (ab−1) |ceϕ/Λ2|(TeV−2) |cet/Λ2|(TeV−2)

1 FCC-ee 350 2.6 < 0.003 (0.004) < 1.020 (1.280)

2 CLIC 380 0.5 < 0.004 (0.006) < 0.352 (0.453)

3 ILC 500 4 < 0.003 (0.004) < 0.083 (0.101)

4 CLIC 1500 1.5 < 0.003 (0.003) < 0.027 (0.035)

5 CLIC 3000 3.0 < 0.002 (0.002) < 0.012 (0.015)
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Results: expectd 95% CL bounds (k = 1)
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Conclusions

Double Higgs production at future e+e− colliders is sensitive to
dimension-6 operators not yet constrained

The small SM cross section and the clean environment makes this
process an ideal laboratory for NP studies

We derived 95% bounds on ceϕ and cet considering several
benchmarks for these future colliders

Bounds on ceϕ typically probes scales of O(10 TeV) while the cet
operator probes scales of O(1 TeV)

Searches for e+e− → hh should be pursued in addition to the more
traditional single and double Higgs production
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Thank you
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BACK UP
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Electron mass and coupling to Higgs

Physical electron mass in M̄S

me = ye
υ√
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Higgs-electron coupling
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Single Higgs production cross section at
e+e−
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Dimension 6 operators
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