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Abstract
The experiments under consideration for high‐energy electron‐positron colliders offer a promising environment for future discoveries, by improving the current bounds on New Physics beyond the Standard Model of
particle physics by several orders of magnitude. In order to carry out reliable high precision measurements, a key quantity, the collider luminosity, has to be known and theoretically calculable with unprecedented precision.
In addition, it should be independent of any possible contamination from unknown New Physics. This can be achieved through the measurement of standard candle processes. For future electron‐positron colliders,
the reference process of main interest is small‐angle Bhabha scattering, which is by far dominated by the electromagnetic interaction or diphoton production as an alternative. We quantify New Physics effects to the
small‐angle Bhabha process at next‐generation accelerators and we discuss possible strategies to remove potential uncertainties coming from such contaminations. Moreover, we investigate such effects also in diphoton
production, a proposed alternative luminosity process

Luminosity

Luminosity converts events into cross sections, and it is measured as

Luminosity

L =
∫

L dt =
N

exp
0

ϵ σth
0

L Instantaneous luminosity
N

exp
0 Number of events
σth

0 Reference cross‐section
ϵ Experimental acceptance
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The precision of observed absolute cross sections σ = (1/ϵ)N/L is
limited by the error on luminosity

∆σexp

σexp = ∆N exp

N exp ⊕ ∆L

L

∆L

L
≤ 10−4

The error on luminosity affects the precision measurements of the
main parameters at future Higgs/ Top/Electroweak factories, such as
the Future Circular Collider (FCC‐ee)
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In the most recent LEP analysis, the most precise estimate ∆L/L =
0.037% removed a long‐standing tension on the number of light neu‐
trino species Nν .

Alternative processes

Luminosity is measured through benchmark processes. At e+e− col‐
liders, the alternatives are

Small‐angle Bhabha

Essentially a QED process for

t = −s

2
(1 − cos θ), cos θ ≪ 1

Diphoton

Pure QED, EW effects at NLO
and hadronic uncertainty
starts at NNLO

In order to have the luminosity process under control, one should in‐
vestigate, other than SM radiative corrections, also hypothetical new
heavy and light degrees of freedom that could mediate the process

ℒSM ℒSMEFTℒmodel

ContactHeavyLight/Feeble SM
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Future colliders

Many projects have been proposed, like CEPC, CLIC, ILC, MuCol, etc,
but the European Strategy for Particle Physics chose FCC‐ee as the
preferred option. FCC will run at centre‐of‐mass energies

√
s = 91, 160, 240, 365 GeV

arXiv:1906.08056 arXiv:2501.05256

New Physics in SABS

Standard Model

The main challenge for the Standard Model calcula‐
tions is to compute Electroweak radiative corrections at
10−4 level. Below, the actual state‐of‐the‐art precision

Photonic Light pairs Vacuum pol.

0.011% ⊕ 0.005% ⊕ 0.006% ≃ 0.01%
From the SM side, the photonic corrections have to be calculated at
NNLO QED + NLO EW + PS accuracy to meet this goal.

Heavy New Physics scenarios

The ambitious luminosity precision goals at future colliders could be
compromised if contributions from New Physics are of similar magni‐
tude. We focus on a model‐independent parameterisation of heavy
NP via an effective Lagrangian expanded about the SM

SMEFT Lagrangian

LSMEFT = LSM +
∑

i

CiÔ
(6)
i

Λ2
NP

+ O

(
1

Λ4
NP

)

At LO SMEFT, the prediction for the Bhabha cross section is given by
the interference of the SM with dim‐6 effective operators
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The results come mostly from 4‐fermions operators

Exp. [θmin, θmax]
√

s [GeV] (δ ± ∆δ)SMEFT ∆L/L

FCC [3.7◦, 4.9◦]

91 (−4.2 ± 1.7) × 10−5 < 10−4

160 (−1.3 ± 0.5) × 10−4

10−4240 (−2.9 ± 1.2) × 10−4

365 (−6.7 ± 2.7) × 10−4
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Constraining interactions with LABS
In order to reduce the uncertainty coming from three coefficients
C4f = {Cle, Cll, Cee} we can fit the forward‐backward asymmetry
pseudo data AFB(

√
sα)

Forward-backward asymmetry fit

∑
i∈4f

Ci

Λ2
NP

 (σF − σB)(6)
i

(σF − σB)SM
−

(σF + σB)(6)
i

(σF + σB)SM


α

=
∆A0

FB,α

A0
FB,α

,

The three measured points are chosen to be the ones that maximise
the difference ASMEFT

FB − ASM
FB based on current bounds.

The 1σ uncertainty on four‐electrons coefficients is reduced to
∆Cll/ee ≲ 10−2 and ∆Cle ≲ 10−3 yielding to δSMEFT ∼ 5 × 10−6

on the Z‐peak luminosity at FCC.
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Cj(µ)

16π2Λ2
NP

The NLO SMEFT corrections are O(1 − 10%) over the LO, thus neg‐
ligible.

NLO EW corrections to γγ in the SM(EFT)

Standard Model EW corrections + PS

The cross section, as computed by BabaYaga@NLO, is given by the
photon‐resummed formula

dσNLOPS = FSVΠ(ϵ, Q2)
∞∑

n=0

1
n!

(
n∏

i=0

FH,i

)∣∣MLL
n

∣∣2 dΦn

Here we show a comparison of the γγ and Bhabha cross sections at
LO. Angular distribution can be used to separate the background.
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Figure 1: Upper panel: the LO angular distributions of e+e� ! �� and large-angle Bhabha

scattering, for four FCC-ee c.m. energies and according to setup [b]. Lower panel: ratio of

the di↵erential cross sections of the two processes.

logarithmic enhancements due to radiation of photons emitted collinear to the
beams, that are largely removed by the angular cuts of setup [b]. This suggests
that the overall contribution of QED corrections can be made su�ciently small
by means of appropriate event selections, keeping at the same time an acceptable
statistical uncertainty thanks to the high FCC-ee luminosity.

The higher-order e↵ects discussed above are dominated by O(↵2L2) LL cor-
rections but also include sub-leading contributions beyond NLO, among which
O(↵2L) photonic corrections. As already remarked, they originate as a by-
product of the factorized form of Eq. (1) and their contribution can be estimated
according to the following chain formula [14, 20]

�↵2L =
� � �NLO � �PS

exp + �PS
↵

�LO
(5)

In Eq. (5), � is the full factorized cross section as in Eq. (1), �NLO the
exact NLO cross section, �PS

exp and �PS
↵ are the pure PS cross sections with all-

order and O(↵) corrections, respectively. An estimate of O(↵2L) contributions
is relevant because it allows to probe the size of the most relevant higher-order
corrections beyond the LL approximation [6, 31]. By using Eq. (5), we studied
the impact of O(↵2L) photonic corrections as a function of the selection crite-
ria, also considering an additional acollinearity cut of 10� that tends to single
out elastic events. We obtained that �↵2L varies in setup [b] in the few per
mille range as a function of

p
s and gets reduced below 0.1% when adding the

acollinearity cut to the conditions of setup [b].
For the sake of comparison, we also show in Tab. 2 the LO cross section of the

large-angle Bhabha process, which turns out to be the main background to the

6

The relative impact of the complete NLO EW corrections w.r.t. the
QED ones is at the level of 1 − 2%.

mainly due to soft-photon radiation. This e�ect is partially compensated by
higher-order corrections, that amount to some percents in the same region.
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Figure 3: Upper plot: relative contribution of the NLO weak corrections to the integrated

cross section according to setup [b], as a function of the c.m. energy. Lower plot: the same

as in the upper plot for the photon angular distribution, at four FCC-ee c.m. energies.

In Fig. 3 we show the contribution of weak corrections to the integrated
cross section as a function of the c.m. energy in the case of setup [b] and to the
photon angular distribution at the four canonical energy points. As expected,
the correction to the integrated cross section is of increasing importance as the
energy increases, varying from a few per mille to one per cent. It amounts
to about 0.5% around the W -pair production threshold, it passes through zero
around the ZH threshold and becomes more and more negative from ZH to the
tt̄ production thresholds. Concerning the angular distribution, the contribution
of weak corrections is practically negligible at the Z resonance, at the per cent
level for the other energy points and more pronounced in the central region for
any energy, where it is of the same order as higher-order QED contributions at
high energies.

Our estimate of the fermion-loop correction to the integrated cross section
is given in Tab. 3, using for definitiveness the setup [b] that includes acceptance
cuts. The numerical results of Tab. 3 are obtained by factorization of the NLO
photonic correction with the vacuum polarization contribution according to the
following formula

↵NNLO
�↵ ± �↵had �

�
↵NLO
QED p ↵LO

�
' [↵�(s) ± �↵�had] (6)

where �↵�had is the data-driven uncertainty due to the hadronic contribution
to ↵�, as returned by the hadr5n16.f routine. The factorized approach as in
Eq. (6) gives rise to corrections dominated by O(�2L2) contributions and was
proved in Ref. [39] to be an excellent approximation of the perturbative result

8

NNLO Pair corrections

An approximate way to estimate hadronic pair corrections is through
the expansion of the cross section with the running of α

σ∆α
NNLO ± δσhad ≃ (σQEDNLO − σLO) × [∆α(s) ± ∆αhad]

√
s (GeV) σNNLO

∆α lep+top/σLO σNNLO
∆α had/σLO δσhad/σLO

91 0.096% 0.085% 3.7 · 10−6

160 0.108% 0.098% 3.8 · 10−6

240 0.115% 0.108% 3.9 · 10−6

365 0.119% 0.120% 4.0 · 10−6

However, the full calculation (Work in progress) has to include both
virtual and real, as well both hadronic and leptonic pairs, in order to
estimate the background to 10−4 level

−igµν

q2 + iϵ
→ igµν

(
−q2

π

)∫ ∞

4m2
i

dz

z

Π(q2)
q2 − z + iϵ

† 2

Virtual Real

+

SMEFT NLO corrections

In the SMEFT, the first contributions to this process appear at next‐
to‐leading order

σSMEFT = σSM+
∑

i

Ci

16π2Λ2
NP

σ
(6,1)
i

Francesco P. Ucci Congresso di Dipartimento e della Sezione INFN di Pavia francesco.ucci@pv.infn.it

mailto:francesco.ucci@pv.infn.it

