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Abstract: Double Higgs production at future lepton colliders is a very interesting process which can be
used to constrain the presence of New Physics (NP) that couples to the Higgs boson. Due to the unique
nature of the Standard Model (SM) Higgs particle, the process e+e− → hh turns out to have a very tiny cross
section, of the order of fraction of femtobarns. Therefore, this cross section can be substantially enhanced
by contributions coming from physics Beyond the SM (BSM). In this proposal we want to explore this
possibility and study the effects of two BSM scenarios where i) NP is heavy and its effects are parametrized
by SMEFT operators, whose contribution is enhanced at energies

√
s � 2mh; ii) a new light singlet scalar

φ couples to the Higgs and it is responsible for a Sommerfeld-like enhancement of the cross section at
threshold

√
s ∼ 2mh.
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Main: The process e+e− → hh is an interesting one from the theoretical point of view because SM tree
level diagrams (see Fig. 1 (a) and (b)) give a negligible contribution to the cross section since they are
proportional to me/υ, where me is the electron mass and υ = 246 GeV is the Higgs vacuum expectation
value (VEV). This fact has been recognized long ago and as a consequence the cross section is quite small
both in the SM and MSSM extensions1–3. The dominant contribution to Higgs pair production in the SM

(a) (b)

(c)

Figure 1: Subset of SM diagrams for e+e− → hh: (a) and (b) are subdominant tree level diagrams, while
(c) is a dominant one-loop box diagram.

comes from W and Z box diagrams, like the one in Fig. 1 (c). Notice that, contrary to gg → hh, there is
no such feature as the cancellation between triangle and box diagrams4 because the triangle ones vanish in
the me = 0 limit. Moreover, the dependence of the SM cross section on the triple Higgs coupling λ is also
negligible because it enters only in diagrams that vanish in the me = 0 limit. Double Higgs production at
e+e− colliders in the SM has been shown to have a small cross section of the order of fraction of femtobarns
(see Fig. 7 of5). However, with large luminosities expected at future e+e− colliders, a few hundred events
might eventually be collected in the course of a few years, allowing for the experimental study of this final
state. In addition, dealing with a process that features a tiny SM cross section in a clean environment
represents a ideal situation for New Physics (NP) searching, given the fact that the cross section can be
substantially enhanced by contributions coming from physics beyond the SM. In this proposal we want to
entertain this possibility and study the effects of NP that couples to the Higgs boson in the following BSM
scenarios (which are somehow complementary because of the different nature of NP manifestation):

i) NP is heavy and its effects are parametrized by SMEFT operators, whose contribution is enhanced at
energies

√
s� 2mh;

ii) a new light singlet scalar φ couples to the Higgs and it is responsible for a Sommerfeld-like enhance-
ment6 of the cross section at threshold (

√
s ∼ 2mh).

i) In the EFT framework7, the higher dimensional operators modify at perturbative level the SM interac-
tion vertices (and introduce new ones), which in turn affects the cross section of e+e− → hh, as shown in 5.
In ref5 we focused on two operators that are relevant for this process and are characterized by dimensionless
Wilson coefficients ceϕ and cet. By including their contributions to the double Higgs cross section we de-
rived 95% bounds based on several benchmarks for these future colliders under certain assumptions of final
decay channels to be reconstructed and the errors. We found that the bounds on ceϕ typically probe scales
of O(10 TeV) while the cet operator is less constrained since it enters only at one-loop level (of course,
more stringent limits on cet/Λ2 of O(10−3) TeV−2 can be obtained by studying top quark pair production
at future e+e− colliders, as shown in8).

ii) In the singlet extension of the SM, the exchange of a light scalar boson of massmφ induces a Yukawa
potential V (r) ∼ e−mφr/r between the two final-state Higgs particles at threshold, that is responsible for
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Figure 2: 95% CL exclusion regions in the (ceϕ/Λ
2, cet/Λ

2) plane for the different benchmark configura-
tions of energy and luminosity5.
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Figure 3: Sommerfeld enhancement in (e+e− → hh) as function of
√
s (preliminary).

the formation of a non-relativistic di-Higgs bound state. This is a non-perturbative effect which results into
a p-wave Sommerfeld-like enhancement of the e+e− → hh cross section, similar to the one investigated in
(s)top pair production9–12

σ(e+e− → hh) = σSM(e+e− → hh)R(E) , (1)

where R(E) is the enhancement factor and E =
√
s − 2mh. A similar study was made for the gg → hh

at the LHC13 where, for some values of the model parameters, an overall O(10) enhancement has been
found, after convoluting the gg → hh cross section with the gluon PDFs of the protons. Lepton colliders
are more promising because they allow for a direct exploration of the threshold energy region at

√
s ∼ 250

GeV15 and a bigger enhancement is expected14 close to threshold, see preliminary plot in Fig 3. The same
study can be in principle applied also to the case where the Higgs interacts with a light vector boson. In
conclusion, the investigation of the Sommerfeld enhancement in double Higgs production at threshold will
allow us to put complementary constraints on the couplings (and masses) of light dark particles that couple
to the Higgs boson and this can have important consequences for DM model building16;17.
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