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SM e v — e~ v in the forward limit: We perform
an explicit calculation of the amplitude M(e~y — e™7)
in SM in the forward limit with massless electrons. Our
calculation follow closely Sec 5.5 of Ref. [I]. The general
amplitude is given by
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where p, k, p’ and k¥’ are the momenta of the ingoing
e, v and the outgoing e™, ~, respectively, as shown in
We assume that both e~ and v have + helicity
(right-handed). It can be shown that the results are the
same for the other helicity configurations. To calculate
the amplitude in the forward limit, it is most convenient
to choose a particular reference frame and a basis for the
spinors. We choose the initial (and final) momenta to
be along the z-axis, as shown in [Figure 2l The Dirac
matrices are given by

0 o _ -
A= R where of =(1,0), o"=(1,-7).

(2)

Since we have chosen e~ and 7 to be right-handed, we

have for the Dirac spinor
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following the spinor choice in Ref. [I]. This also gives
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The polarization vector are given by
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which gives
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Plugging everything into we have

et =

1/7 O)M ?

(6)

M =—e*eleul [UM& ' (szr e, o (pui k/)”#} o
= —e’¢6,2E (0 1){( ?/5 8>42EEQ<0 _(\)ﬁ) +0]<(1)>
=—2¢2. (7)

Operators: Eq. [8 shows the five dimension-8 operators
mentioned in the main text, as defined in Ref. [2]. The
lepton flavor indices are omitted as they are not relevant

FIG. 1: Feynman diagrams for e”y — e~ in the SM.
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FIG. 2: Momenta of the forward scattering process before and
after the collision.

for our study. The Lagrangian is written in the form
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Differential cross section: shows the differ-
ential cross section do/d|cosf| for the SM and the d8
contribution for /s = 240 GeV, unpolarized beams. The
SM contribution dominates in the forward region due to
the ¢/u-channel electron exchange.
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FIG. 3: The differential cross section do/d|cos 8| for the SM
and the d8 contribution (as in Eq. (4) in the main text) for
V/s = 240 GeV, unpolarized beams. For the d8 contribution,
an arbitrary benchmark of ar, + ar = 2 is chosen.

Run scenarios: is a summary of the run scenar-
ios of future lepton colliders considered in our analysis,
with the corresponding integrated luminosity. For ILC
and CLIC, the numbers in the brackets are the values
of beam polarizations P(e™,e™). For simplicity, we as-
sume the Z-pole or WW -threshold runs are at one single
energy. Numbers are taken from Refs. [3] 4]. Further
details can be found in Refs. [5HI0].



[ £dt [ab™!]
unpolarized || 91 GeV [161 GeV |240 GeV 365 GeV
CEPC 8 2.6 5.6
FCC-ee 150 10 5 1.5
1LC 250 GeV [350 GeV [500 GeV
(—0.8,+0.3) 0.9 0.135 1.6
(40.8, —0.3) 0.9 0.045 1.6
(£0.8,£0.3) 0.1 0.01 0.4
CLIC 380GeV|1.5TeV | 3TeV
(—0.8,0) 0.5 2 4
(+0.8,0) 0.5 0.5 1
muon collider|| 10 TeV | 30 TeV
unpolarized 10 90

TABLE I: A summary of the run scenarios of future lepton
colliders considered in our analysis with the corresponding
integrated luminosity.

Measurement uncertainties: We have only consid-
ered statistical uncertainties in our analysis. Here we
provide further verifications of this assumption.
shows the total cross sections of diphoton pro-
cess and the main background from Bhabha scattering
(ete™ — ete™), the latter contributes to the diphoton
channel if both final state particles mistagged as a pho-
ton. Even with a conservative 1% mistag rate for both
electrons and positrons, this background is more than
two orders of magnitude smaller than the signal. This
is consistent with the LEP analysis in e.g. Ref. [I1],
which stated that the contamination from the major
background, Bhabha events, was estimated to be less
than 0.5% after selection cuts. Another potential source
of background is the double-hard-FSR: ete™ — eTe™ 77,
where the two photons take most of the energy of the
scattered electrons. Applying m,~ > 0.9s on the invari-
ant mass of the two photons with other reasonable cuts,
we estimate the cross section of this process to be 6 ~ 7
orders of magnitude lower than the signal process. The
statistical uncertainties of the total diphoton cross sec-
tion measurements are provided for each collider scenario
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FIG. 4: The total cross sections of ete™ — vy and the main
background from ee™ — eTe™ with both final state particles
mistagged as a photon. A cut on the production polar angle
|cos@| < 0.95 is applied. A conservative 1% mistag rate is
assumed for both electrons and positrons.
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