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Introduction
“The closer you look the more there is to see”
— Fred Jegerlehner 



Precision 
SM tests 

at present and future 
e+e- colliders

{Errors well below 
the % level

Theory



Precision 
SM tests 

at present and future 
e+e- colliders

The SM works very well 
with most of existing data

Testing its weaknesses 
at higher precisions =  
finding something new? 
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Precision 
SM tests 

at present and future 
e+e- colliders

 colliders are operating now and different 
projects are expected in the future
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The muon g-2

Muon g-2
Magnetic Momentum 

associated with the spin

One of the most precise measurements in physics!

µ

The anomalous magnetic moment of the muon in the Standard Model 
R. Aliberti et al. 
Phys.Rept. 1143 (2025) 1-158



The muon g-2 and Monte Carlo Generators
Radiative Corrections and Monte Carlo tools for low-energy hadronic 
cross sections in e+e- collisions 
R. Aliberti et al. 
SciPost Phys.Comm.Rep. 9 (2025)

HVP
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Non perturbative QCD correction 

give most of the uncertainty 
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The muon g-2 and Monte Carlo Generators
Radiative Corrections and Monte Carlo tools for low-energy hadronic 
cross sections in e+e- collisions 
R. Aliberti et al. 
SciPost Phys.Comm.Rep. 9 (2025)

HVP

Hadronic Vacuum Polarisation
Non perturbative QCD correction 

give most of the uncertainty 

Lattice QCD
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∝
Monte Carlo Generators 

Analyse data with 
high precision

Learn more in Marco’s talk!
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The pion form factor at NLO
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Numerical results 
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Figure 5. In the top plots, the total cross section for the process e
+
e
→

→ ω
+
ω
→ as a function of

the centre-of-mass energy
↑
s at the LO (purple), NLO (cyan) and NLOPS (light green) is shown.

In the bottom plots, the K-factors at di!erent orders are shown. The left panel refers to the CMD-2
form factor, while the right panel to the CMD-3 form factor.

rections, the following K-factors are introduced:

KNLO =
εNLO ↓ εLO

εLO
, (4.7a)

KFSR+IFI =
εNLO ↓ εISR

εLO
, (4.7b)

KHO =
εNLOPS ↓ εNLO

εLO
, (4.7c)

where εNLO is the complete NLO cross section, εISR is the NLO cross section including only
the ISR contribution, and εNLOPS is the NLO cross section matched to the Parton Shower.
For observables that are even under the transformation cosϑavg → ↓ cosϑavg, as it is the
case of the cross section integrated over a symmetric angular range, the IFI contribution
vanishes and therefore KFSR+IFI measures the size of the FSR corrections. As discussed in
Sec. 2.2, the NLO calculation includes only photonic corrections, without photon vacuum
polarisation contributions.

In the lower panels of Fig. 5, the quantitative e!ect of the NLO corrections w.r.t. the
LO predictions is displayed (cyan lines). The e!ect of resonance shape distortion driven by
the ISR contribution can be quantified at the level of ↓8% below the ϖ peak and positive
above, reaching a maximum of the order of +8% at

↑
s ↔ 0.9 GeV and decreasing at

larger values of
↑
s. The FSR correction, green line, is small, as expected, at the 0.1%

level, increasing with decreasing
↑
s, up to about 1% at

↑
s ↔ 0.4 GeV. Towards the ω

+
ω
→

threshold the FSR correction goes as ϱω/(2ςω), as expected in the non-relativistic limit

– 31 –

We studied the impact of Radiative corrections and of 
the form factor approach in a typical scenario
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We studied the impact of Radiative corrections and of 
the form factor approach in a typical scenario

Radiative corrections FF approach



Charge asymmetry
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Figure 9. Charge asymmetry, as defined in Eq. (2.6), using the pion form factor measured at the
CMD-3 experiment. We show in similar colours the result for each of the approaches discussed
before at NLO and NLOPS accuracy. The black crosses show the CMD3 experimental data with
their uncertainties.

eventually reaching about AFB = 0. In this region, we can appreciate the relevance of the
insertion of the pion form factor in the virtual corrections in modelling the data, even with
large error bars. On the other hand, the predictions based on the factorised approach have
a di!erent shape with respect to the data. The e!ect of the ω → ε interference is visible
for the three approaches at

↑
s ↓ mω together with the ω → ϑ interference at

↑
s ↓ mε.

Remarkably, we find a very good agreement between the GVMD and FsQED approaches8,
except for small di!erences due to the approximation of the pion form factor as a sum of
BW functions in the former case.

While the NLO corrections, in particular the IFI contribution, are responsible for the
non-trivial shape of AFB, the higher-order radiative corrections beyond NLO tend to give
a small perturbation on top of the NLO calculation. The higher-order contributions are
in general negative and in agreement with the slopes of the KHO factors in Fig. 6. They
weigh at most about 0.1% for all the form factor approaches, except for the factorised
one. In this case, the corrections are of the order of 0.2% for centre-of-mass energies that
are close to the ω peak, whereas they are positive for mϑ <

↑
s < mε. For the GVMD

8In Fig. 23 of [32], the GVMD and FsQED approaches exhibit a discrepancy in the ω peak region. We ver-
ified that this is mainly due to the non-inclusion of the term → ImFω(s)/s

[
lims→→s↑ Im ε̄IFI

V (ϑ2, s↑)(s→ s↑)
]

in the real part of the virtual IFI correction in the FsQED approach.

– 37 –

AFB = σB − σF

σB + σF
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L (ēLγμeL) + gZe
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R (ēRγμeR)}Zμ

Heavy New Physics

AliceR
d ∼ R

New Physics contamination to precision luminosity measurements at future e+e- colliders 
M. Chiesa, C. L. Del Pio, G. Montagna, O. Nicrosini, F. Piccinini, F.P.U. 
Phys. Rev. D. 112 (2025) 1

Effective Theories



αem = 1
4π

g2
Wg2

1
g2

W + g2
1

(1 + Δαem)

Gμ = 1
2v2

T

(1 + 1
2Gμ

(C(3)11
Hl + C(3)22

Hl − C1221
ll )

ℒNC
SMEFT = − 4πα (ēγμe) Aμ + 4πα
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swcW {gZe
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R (ēRγμeR)}Zμ

Heavy New Physics

Alice BobR
d ∼ R D ≫ R

New Physics contamination to precision luminosity measurements at future e+e- colliders 
M. Chiesa, C. L. Del Pio, G. Montagna, O. Nicrosini, F. Piccinini, F.P.U. 
Phys. Rev. D. 112 (2025) 1

Effective Theories



Physics at short-distance/high-energy is 
encoded in the coefficients of the expansion

αem = 1
4π

g2
Wg2

1
g2

W + g2
1

(1 + Δαem)

Gμ = 1
2v2

T

(1 + 1
2Gμ

(C(3)11
Hl + C(3)22

Hl − C1221
ll )

ℒNC
SMEFT = − 4πα (ēγμe) Aμ + 4πα
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swcW {gZe
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where the 1=2 factors take into account the exchange of two
identical currents.
At LO SMEFT, the prediction for the Bhabha cross

section is given by

σSMEFT ¼ σSM þ σð6Þ ¼ σSM þ
Xn

i¼1

Ci

Λ2
NP

σð6Þi ; ð11Þ

where σð6Þi ¼ 2ReM†
SMM

ð6Þ
SMEFT;i is the interference

between the SM and SMEFT amplitudes due to the ith
operator, having factored out the dependency on the ratio of
the WCs to the NP scale and assuming they are real. We set
ΛNP ¼ 1 TeV, the EFT validity being ensured, as at small
angle the relevant scale of the process is

ffiffiffiffiffi
jtj

p
¼

½s=2ð1 − cos θminÞ&1=2, which is at most Oð102Þ GeV forffiffiffi
s

p
¼ 3 TeV in the CLIC setup. We define the central

deviation from the SM (differential) cross sections due to
heavy NP and its 1σ uncertainty as

ðδ' ΔδÞSMEFT ¼ 1

σSM

"
σð6Þ '

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX

ij

σð6Þi Vijσ
ð6Þ
j

s #
; ð12Þ

where the covariance matrix Vij ¼ ΔCiρijΔCj takes into
account the correlation between fitted coefficients and their
errors. We use the flavor-general bounds on coefficients and
correlationmatrix from theglobal fit ofRef. [78], that include
EW and low-energy precision data. The values of WCs are
reported in Table I, whereas the correlation matrix is given in
the Appendix. The shifts of the Zee couplings are well
constrained, yielding a negligible contribution to the SABS
cross section; therefore, we consider only the impact of four-
fermionoperators. InTable II, we show the uncertainty due to

heavy NP deviation for SABS in the luminometer setup of
future colliders. It can be seen that possible BSM effects
would affect the luminosity precision target of future eþe−

facilities in a non-negligible way [84]. With polarized beams
at ILC andCLIC, we have checked that the results worsen up
to a factor of 2, due to the enhancement of Cll over Cee. We
have also checked that NP uncertainties were well below the
precision goal of the luminosity determination at LEP with
SABS, also by considering the bounds on contact inter-
actions given in [85]. At BELLE-II, which measures the
machine luminosity using a large acceptance with Bhabha
events, the effect is below the 10−3 precision budget. In
Fig. 4, we show the differential behavior of the SMEFT
correction as a function of the electron scattering angle,
showing that the deviations grow with θe− . This can be
understood as the contact operators effect scales as δ4fi ≃
−sCið1 − cos θÞ=ðΛ2

NP2παÞ with respect to the SM one.
When reducing the angular acceptance, for example, low-
ering the maximum angle to θmin ¼ 4.2° in the

ffiffiffi
s

p
¼

91 GeV run of FCC-ee, the heavyNP contribution decreases
to the −2 × 10−5 level, thus still representing a possible
source of uncertainty.
At NLO in the SMEFT, the SABS prediction receives an

additional contribution given by

σð6ÞNLO ¼
X

j

CjðμÞ
16π2Λ2

NP
2ReðM†

SMM
ð6Þ
NLO;jðμÞÞ; ð13Þ

FIG. 3. Diagrams with insertion of SMEFT operators at dimension six, represented by square vertices. From the left to the right, the
first diagram represents a shift of the Zee couplings in one of the two vertices. The second diagram is a four-fermion contact interaction.
The latter two diagrams are NLO contribution: the first accounts for a virtual SM boson exchange on top of a four-fermion operator, and
the rightmost represents a dimension-six NLO insertion. These diagrams are in interference with the SM ones in Fig. 1.

TABLE I. Central values and 68% uncertainty of the WCs,
taken from the flavor-general results of Eq. (4.8) in Ref. [78].

Ci Ci ' ΔðCiÞ

ΔgZeL −0.0038' 0.0046
ΔgZeR −0.0054' 0.0045
Cll 0.17' 0.06
Cle −0.037' 0.036
Cee 0.034' 0.062

TABLE II. Heavy NP contamination to SABS as in Eq. (12) at
future eþe− facilities. ΔL=L represents the luminosity target
precision.

Exp ½θmin; θmax&
ffiffiffi
s

p
½GeV& ðδ' ΔδÞSMEFT ΔL=L

FCC ½3.7°; 4.9°& 91 ð−4.2' 1.7Þ × 10−5 <10−4

160 ð−1.3' 0.5Þ × 10−4 10−4

240 ð−2.9' 1.2Þ × 10−4

365 ð−6.7' 2.7Þ × 10−4

ILC ½1.7°; 4.4&° 250 ð−1.2' 0.5Þ × 10−4 <10−3

500 ð−4.9' 1.9Þ × 10−4

CLIC ½2.2°; 7.7°& 1500 ð−9.7' 3.9Þ × 10−3 <10−2

3000 ð−4.2' 1.7Þ × 10−2
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where the covariance matrix Vij ¼ ΔCiρijΔCj takes into
account the correlation between fitted coefficients and their
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reported in Table I, whereas the correlation matrix is given in
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constrained, yielding a negligible contribution to the SABS
cross section; therefore, we consider only the impact of four-
fermionoperators. InTable II, we show the uncertainty due to

heavy NP deviation for SABS in the luminometer setup of
future colliders. It can be seen that possible BSM effects
would affect the luminosity precision target of future eþe−

facilities in a non-negligible way [84]. With polarized beams
at ILC andCLIC, we have checked that the results worsen up
to a factor of 2, due to the enhancement of Cll over Cee. We
have also checked that NP uncertainties were well below the
precision goal of the luminosity determination at LEP with
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Aab = Na − Nb

Na + Nb

{a, b} = {F, B}, {L, R}, { ↑ , ↓ }

∝ L

assuming only statistical uncertainty Δk ¼
ffiffiffiffiffiffi
Nk

p
on the

number of events, given by the product of the time
integrated luminosity and the cross section for the process
Na ¼ Lσa.
Therefore, if asymmetries related to the LABS process

can be exploited, no additional assumptions on the NP
scenarios are needed, allowing one to fit Eq. (17) with four-
electron WCs. On the other hand, if one assumes lepton
flavor universality, also asymmetries related to μþμ− and
τþτ− pair production could be used, providing more
constraining power. Throughout this section, we consider
conservatively the LABS in the θ∈ ½40°; 140°$ acceptance,
in analogy with the event selection conditions of LEP
analyses [10]. This allows us to enhance the s-channel
contribution to the Bhabha cross section and the sensitivity
to the SMEFT parameters, with the aim of constraining the
four-electron C⃗4f ¼ ðCll; Cle; CeeÞ coefficients. We assume
the validity of the SM up to the starting of future colliders
physics programs and focus on the attainable uncertainties
of the WCs by future asymmetry data [93].

A. The Z resonance region

Around the Z peak, the natural asymmetry to be
considered is the forward-backward asymmetry AFB, which
in s-channel processes is a key quantity for the measure-
ment of electroweak couplings and parameters [3]. The AFB
of the LABS scattering is defined as in Eq. (16), where

σF ¼ 2π
Z

c

0
d cosθ

dσ
dΩ

; σB ¼ 2π
Z

0

−c
d cosθ

dσ
dΩ

ð19Þ

are the usual forward and backward cross sections where
the acceptance cut is set to c ¼ cos 40° ¼ 0.77. The
measurement of AFBð

ffiffiffi
s

p
Þ at three different values of

ffiffiffi
s

p

can provide sufficient information to simultaneously con-
strain the three independent C⃗4f coefficients. The three
energy points more sensitive to deviations from the SM can
be identified by calculating the difference between the
prediction in the SM and in the SMEFT with current
bounds on C⃗4f, as shown in Fig. 5, and they are found as
the two local minima located at

ffiffiffiffiffi
s1

p ¼ 89 GeV and
ffiffiffiffiffi
s3

p ¼
98 GeV and the maximum at

ffiffiffiffiffi
s2

p ¼ 93 GeV. It is worth
stressing that the radiative corrections will play an impor-
tant role, in particular, in the choice of the optimal energy
points. Nevertheless, we checked that, with the addition of
QED leading logarithmic corrections switched on, the
shape of the plot in Fig. 5 is preserved, the largest shift
affecting the second local minimum which moves to about
103 GeV. By considering instead

ffiffiffiffiffi
s3

p ¼ MZ, we still find
enough constraining power on C⃗4f.
The relative deviation of AFBð

ffiffiffi
s

p
αÞ in the SMEFT can be

written by rearranging Eq. (17) [94]:

X

i∈4f

Ci

Λ2
NP

"
ðσF − σBÞ

ð6Þ
i

ðσF − σBÞSM
−
ðσF þ σBÞ

ð6Þ
i

ðσF þ σBÞSM

#

α
¼
ΔA0

FB;α

A0
FB;α

; ð20Þ

where the dependence on the WCs has been factored to the
left while to the rhs we have the simulated data. To
quantitatively estimate the uncertainty reduction for four-
electron WCs at FCC-ee or CEPC, we solve the system of
Eq. (20) by setting ΔAFB to the foreseen experimental
precision. Assuming six effective months of run (5 × 106 s)
for each energy point with a FCC-like instantaneous
luminosity L FCC ¼ 1.4 × 1036 cm−2 s−1 [22], we find that
the statistical uncertainty on the forward-backward asym-
metry is ΔA0

FB;α ≲ 5 × 10−5. Therefore, the 1σ uncertainty

on four-electron coefficients is reduced to ΔC⃗4f ≲ 10−2,
yielding to a contribution δSMEFT ≃ 5 × 10−6 on the Z-peak
luminosity at FCC, which is smaller than the precision goal.
This constraint would be enough also for future eþe−

collider runs at higher energies.

B. The high-energy region

In the scenario of high-energy future machines that will
not revisit the Z resonance scan, the AFB observable can not
be used to constrain the four-fermion WCs, as it is almost
constant for

ffiffiffi
s

p ≳ 120 GeV. Since linear collider projects
feature polarized beams, we investigate the possibility of
using polarization asymmetries for LABS at

ffiffiffi
s

p
¼

250 GeV [95] at different angles, assuming that they are
independent of the luminosity [96]. For longitudinally
polarized beams with fraction Pe' of polarized positrons
and electrons, the differential cross section in the scattering
angle can be written as

dσðPe'Þ
d cos θ

¼ 1

4

X

I;J¼L;R

ð1þ PeþI
Þð1þ Pe−J

ÞdσeþI e−J ; ð21Þ

FIG. 5. Absolute deviation of the LABS AFB predicted in the
SMEFT and the SM, using the current knowledge on WCs. The
solid line is the central value, whereas the shaded regions are the
1σ and 3σ uncertainty bands.
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Aab = Na − Nb

Na + Nb

{a, b} = {F, B}, {L, R}, { ↑ , ↓ }

∝ L

assuming only statistical uncertainty Δk ¼
ffiffiffiffiffiffi
Nk

p
on the

number of events, given by the product of the time
integrated luminosity and the cross section for the process
Na ¼ Lσa.
Therefore, if asymmetries related to the LABS process

can be exploited, no additional assumptions on the NP
scenarios are needed, allowing one to fit Eq. (17) with four-
electron WCs. On the other hand, if one assumes lepton
flavor universality, also asymmetries related to μþμ− and
τþτ− pair production could be used, providing more
constraining power. Throughout this section, we consider
conservatively the LABS in the θ∈ ½40°; 140°$ acceptance,
in analogy with the event selection conditions of LEP
analyses [10]. This allows us to enhance the s-channel
contribution to the Bhabha cross section and the sensitivity
to the SMEFT parameters, with the aim of constraining the
four-electron C⃗4f ¼ ðCll; Cle; CeeÞ coefficients. We assume
the validity of the SM up to the starting of future colliders
physics programs and focus on the attainable uncertainties
of the WCs by future asymmetry data [93].

A. The Z resonance region

Around the Z peak, the natural asymmetry to be
considered is the forward-backward asymmetry AFB, which
in s-channel processes is a key quantity for the measure-
ment of electroweak couplings and parameters [3]. The AFB
of the LABS scattering is defined as in Eq. (16), where

σF ¼ 2π
Z

c

0
d cosθ

dσ
dΩ

; σB ¼ 2π
Z

0

−c
d cosθ

dσ
dΩ

ð19Þ

are the usual forward and backward cross sections where
the acceptance cut is set to c ¼ cos 40° ¼ 0.77. The
measurement of AFBð

ffiffiffi
s

p
Þ at three different values of

ffiffiffi
s

p

can provide sufficient information to simultaneously con-
strain the three independent C⃗4f coefficients. The three
energy points more sensitive to deviations from the SM can
be identified by calculating the difference between the
prediction in the SM and in the SMEFT with current
bounds on C⃗4f, as shown in Fig. 5, and they are found as
the two local minima located at

ffiffiffiffiffi
s1

p ¼ 89 GeV and
ffiffiffiffiffi
s3

p ¼
98 GeV and the maximum at

ffiffiffiffiffi
s2

p ¼ 93 GeV. It is worth
stressing that the radiative corrections will play an impor-
tant role, in particular, in the choice of the optimal energy
points. Nevertheless, we checked that, with the addition of
QED leading logarithmic corrections switched on, the
shape of the plot in Fig. 5 is preserved, the largest shift
affecting the second local minimum which moves to about
103 GeV. By considering instead

ffiffiffiffiffi
s3

p ¼ MZ, we still find
enough constraining power on C⃗4f.
The relative deviation of AFBð

ffiffiffi
s

p
αÞ in the SMEFT can be

written by rearranging Eq. (17) [94]:
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i∈4f

Ci

Λ2
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ðσF − σBÞ

ð6Þ
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ðσF − σBÞSM
−
ðσF þ σBÞ

ð6Þ
i

ðσF þ σBÞSM

#

α
¼
ΔA0

FB;α

A0
FB;α

; ð20Þ

where the dependence on the WCs has been factored to the
left while to the rhs we have the simulated data. To
quantitatively estimate the uncertainty reduction for four-
electron WCs at FCC-ee or CEPC, we solve the system of
Eq. (20) by setting ΔAFB to the foreseen experimental
precision. Assuming six effective months of run (5 × 106 s)
for each energy point with a FCC-like instantaneous
luminosity L FCC ¼ 1.4 × 1036 cm−2 s−1 [22], we find that
the statistical uncertainty on the forward-backward asym-
metry is ΔA0

FB;α ≲ 5 × 10−5. Therefore, the 1σ uncertainty

on four-electron coefficients is reduced to ΔC⃗4f ≲ 10−2,
yielding to a contribution δSMEFT ≃ 5 × 10−6 on the Z-peak
luminosity at FCC, which is smaller than the precision goal.
This constraint would be enough also for future eþe−

collider runs at higher energies.

B. The high-energy region

In the scenario of high-energy future machines that will
not revisit the Z resonance scan, the AFB observable can not
be used to constrain the four-fermion WCs, as it is almost
constant for

ffiffiffi
s

p ≳ 120 GeV. Since linear collider projects
feature polarized beams, we investigate the possibility of
using polarization asymmetries for LABS at

ffiffiffi
s

p
¼

250 GeV [95] at different angles, assuming that they are
independent of the luminosity [96]. For longitudinally
polarized beams with fraction Pe' of polarized positrons
and electrons, the differential cross section in the scattering
angle can be written as

dσðPe'Þ
d cos θ

¼ 1

4

X

I;J¼L;R

ð1þ PeþI
Þð1þ Pe−J

ÞdσeþI e−J ; ð21Þ

FIG. 5. Absolute deviation of the LABS AFB predicted in the
SMEFT and the SM, using the current knowledge on WCs. The
solid line is the central value, whereas the shaded regions are the
1σ and 3σ uncertainty bands.
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Aab = Na − Nb

Na + Nb

{a, b} = {F, B}, {L, R}, { ↑ , ↓ }

∝ L

assuming only statistical uncertainty Δk ¼
ffiffiffiffiffiffi
Nk

p
on the

number of events, given by the product of the time
integrated luminosity and the cross section for the process
Na ¼ Lσa.
Therefore, if asymmetries related to the LABS process

can be exploited, no additional assumptions on the NP
scenarios are needed, allowing one to fit Eq. (17) with four-
electron WCs. On the other hand, if one assumes lepton
flavor universality, also asymmetries related to μþμ− and
τþτ− pair production could be used, providing more
constraining power. Throughout this section, we consider
conservatively the LABS in the θ∈ ½40°; 140°$ acceptance,
in analogy with the event selection conditions of LEP
analyses [10]. This allows us to enhance the s-channel
contribution to the Bhabha cross section and the sensitivity
to the SMEFT parameters, with the aim of constraining the
four-electron C⃗4f ¼ ðCll; Cle; CeeÞ coefficients. We assume
the validity of the SM up to the starting of future colliders
physics programs and focus on the attainable uncertainties
of the WCs by future asymmetry data [93].

A. The Z resonance region

Around the Z peak, the natural asymmetry to be
considered is the forward-backward asymmetry AFB, which
in s-channel processes is a key quantity for the measure-
ment of electroweak couplings and parameters [3]. The AFB
of the LABS scattering is defined as in Eq. (16), where

σF ¼ 2π
Z

c

0
d cosθ

dσ
dΩ

; σB ¼ 2π
Z

0

−c
d cosθ

dσ
dΩ

ð19Þ

are the usual forward and backward cross sections where
the acceptance cut is set to c ¼ cos 40° ¼ 0.77. The
measurement of AFBð

ffiffiffi
s

p
Þ at three different values of

ffiffiffi
s

p

can provide sufficient information to simultaneously con-
strain the three independent C⃗4f coefficients. The three
energy points more sensitive to deviations from the SM can
be identified by calculating the difference between the
prediction in the SM and in the SMEFT with current
bounds on C⃗4f, as shown in Fig. 5, and they are found as
the two local minima located at

ffiffiffiffiffi
s1

p ¼ 89 GeV and
ffiffiffiffiffi
s3

p ¼
98 GeV and the maximum at

ffiffiffiffiffi
s2

p ¼ 93 GeV. It is worth
stressing that the radiative corrections will play an impor-
tant role, in particular, in the choice of the optimal energy
points. Nevertheless, we checked that, with the addition of
QED leading logarithmic corrections switched on, the
shape of the plot in Fig. 5 is preserved, the largest shift
affecting the second local minimum which moves to about
103 GeV. By considering instead

ffiffiffiffiffi
s3

p ¼ MZ, we still find
enough constraining power on C⃗4f.
The relative deviation of AFBð

ffiffiffi
s

p
αÞ in the SMEFT can be

written by rearranging Eq. (17) [94]:
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−
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where the dependence on the WCs has been factored to the
left while to the rhs we have the simulated data. To
quantitatively estimate the uncertainty reduction for four-
electron WCs at FCC-ee or CEPC, we solve the system of
Eq. (20) by setting ΔAFB to the foreseen experimental
precision. Assuming six effective months of run (5 × 106 s)
for each energy point with a FCC-like instantaneous
luminosity L FCC ¼ 1.4 × 1036 cm−2 s−1 [22], we find that
the statistical uncertainty on the forward-backward asym-
metry is ΔA0

FB;α ≲ 5 × 10−5. Therefore, the 1σ uncertainty

on four-electron coefficients is reduced to ΔC⃗4f ≲ 10−2,
yielding to a contribution δSMEFT ≃ 5 × 10−6 on the Z-peak
luminosity at FCC, which is smaller than the precision goal.
This constraint would be enough also for future eþe−

collider runs at higher energies.

B. The high-energy region

In the scenario of high-energy future machines that will
not revisit the Z resonance scan, the AFB observable can not
be used to constrain the four-fermion WCs, as it is almost
constant for

ffiffiffi
s

p ≳ 120 GeV. Since linear collider projects
feature polarized beams, we investigate the possibility of
using polarization asymmetries for LABS at

ffiffiffi
s

p
¼

250 GeV [95] at different angles, assuming that they are
independent of the luminosity [96]. For longitudinally
polarized beams with fraction Pe' of polarized positrons
and electrons, the differential cross section in the scattering
angle can be written as

dσðPe'Þ
d cos θ

¼ 1

4

X

I;J¼L;R

ð1þ PeþI
Þð1þ Pe−J

ÞdσeþI e−J ; ð21Þ

FIG. 5. Absolute deviation of the LABS AFB predicted in the
SMEFT and the SM, using the current knowledge on WCs. The
solid line is the central value, whereas the shaded regions are the
1σ and 3σ uncertainty bands.
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where Pe!R
¼ Pe! and Pe!L

¼ −Pe! , with the proposed
values jPe− j ¼ 0.8 and jPeþ j ¼ 0.3. The theoretical pre-
diction for polarization asymmetries Ath

pol, built from the
SMEFT calculation of dσðPe!Þ=d cos θ as defined in
Eq. (21), can be exploited to fit the confidence intervals
of C⃗4f. We consider n ¼ 78 experimental bins in cos θ of
width Δ cos θ ¼ 0.02 and consider a multivariate Gaussian
likelihood [94] whose negative logarithm χ2 ¼ −2 logL is
defined as

χ2 ¼ −2 logL ¼
Xn

α¼1

ðA0
pol − Ath

polðC⃗4fÞÞ
2

α

ðΔA0
polÞ2α

; ð22Þ

which is distributed as a chi-squared with the number of
d.o.f. given by ν ¼ dimðC⃗4fÞ ¼ 3. The projected exper-
imental value for the asymmetry in the βth bin and its
statistical error ΔA0

pol;α are computed as above, by taking an
expected luminosity of L ILC ¼ 1.35 × 1034 cm−2 s−1 for
six months of run (5 × 106 s). χ2ðC⃗Þ ¼ −2 logLðC⃗Þ. Under
these hypotheses, the χ2 can be rewritten as

χ2ðC⃗Þ ¼ 1

Λ4
NP

X

i;j

X

α;β

Ciκ
ð6Þ
i;αW

−1
αβ κ

ð6Þ
j;βCj;

where κð6Þi;α ¼ ∂Ath
pol;α=∂Ci is the derivative of the SMEFT

theoretical prediction. The matrix V−1
ij ¼

P
α;β κ

ð6Þ
i;αW

−1
αβ κ

ð6Þ
j;β

is the inverse covariance matrix between WCs. The
amplitude ΔðCiÞ of the 68% confidence interval on Ci is
given by

ffiffiffiffiffiffi
Vii

p
. This is equivalent to the projection on the Ci

axis of the region in the space of WCs corresponding to
χ2ðC⃗Þ ≤ 1, which we obtain with MC replicas.
The commonly measured left-right asymmetry is defined

as Aff
LR ¼ ðσL − σRÞ=ðσL þ σRÞ, where the right cross

section σR is obtained by measuring the quantity of
Eq. (21) for a fixed set ðPeþ ; Pe−Þ and the left one σL is
obtained by inverting the sign of the polarizations. This

observable was used at the SLD experiment at SLC for a
precision measurement of sin2 θleff [97,98], and it can be
effective in future precision tests of the SM and of NP
scenarios [28,99–101]. Unfortunately, as shown in the third
panel in Fig. 6, such asymmetry exhibits an almost exact
flat direction as Cll ≃ Cee due to its mild sensitivity to Cle,
whose contribution depends on the product PeþPe− and,
hence, cancels in the numerator of ALR. Therefore, in
analogy with ALR, we propose the following differential up-
down asymmetry for a fixed

ffiffiffi
s

p
:

A−
↑↓ðPe! ; cos θÞ ¼

dσðPeþ ; Pe−Þ − dσðPeþ ;−Pe−Þ
dσðPeþ ; Pe−Þ þ dσðPeþ ;−Pe−Þ

; ð23Þ

inverting the sign of Pe− . In Fig. 6, we show the results of
the χ2 fit for Apol ¼ ALR; A−

↑↓ projected into 2D subspaces
at 68% confidence level. While ALR does not constrain
further C⃗4f, using the up-down asymmetry the uncertainty
ΔCi is reduced to a few 10−3 for all four-electron WCs.
This would correspond to a negligible effect of δSMEFT ≲
10−7 on the SABS luminosity measurements.

IV. CONCLUSIONS

Assessing the NP contamination to luminosity measure-
ments will be crucial to achieve the precision physics
program at future eþe− colliders. In this paper, we have
studied the BSM effects to the reference process SABS
using an improved version of BabaYaga@NLO.
We have shown that the impact of light new scalars and

vectors on the absolute luminosity is well below the
expected experimental uncertainties for all scenarios.
The heavy NP contributions have been parametrized in a

model-independent way, within the SMEFT framework.
We have shown that the shifts of the SM Zee couplings are
irrelevant, whereas the uncertainties to the SABS due to
four-electron operators are not negligible around the Z
resonance, as well as at higher energies.

FIG. 6. Results of the χ2 fit at 68% confidence level projected in two-dimensional subspaces. As can be seen in the third panel, the fit
of ALR manifests an approximate flat direction in the ðCll; CeeÞ plane.
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Aab = Na − Nb

Na + Nb

{a, b} = {F, B}, {L, R}, { ↑ , ↓ }

∝ L

assuming only statistical uncertainty Δk ¼
ffiffiffiffiffiffi
Nk

p
on the

number of events, given by the product of the time
integrated luminosity and the cross section for the process
Na ¼ Lσa.
Therefore, if asymmetries related to the LABS process

can be exploited, no additional assumptions on the NP
scenarios are needed, allowing one to fit Eq. (17) with four-
electron WCs. On the other hand, if one assumes lepton
flavor universality, also asymmetries related to μþμ− and
τþτ− pair production could be used, providing more
constraining power. Throughout this section, we consider
conservatively the LABS in the θ∈ ½40°; 140°$ acceptance,
in analogy with the event selection conditions of LEP
analyses [10]. This allows us to enhance the s-channel
contribution to the Bhabha cross section and the sensitivity
to the SMEFT parameters, with the aim of constraining the
four-electron C⃗4f ¼ ðCll; Cle; CeeÞ coefficients. We assume
the validity of the SM up to the starting of future colliders
physics programs and focus on the attainable uncertainties
of the WCs by future asymmetry data [93].

A. The Z resonance region

Around the Z peak, the natural asymmetry to be
considered is the forward-backward asymmetry AFB, which
in s-channel processes is a key quantity for the measure-
ment of electroweak couplings and parameters [3]. The AFB
of the LABS scattering is defined as in Eq. (16), where

σF ¼ 2π
Z

c

0
d cosθ

dσ
dΩ

; σB ¼ 2π
Z

0

−c
d cosθ

dσ
dΩ

ð19Þ

are the usual forward and backward cross sections where
the acceptance cut is set to c ¼ cos 40° ¼ 0.77. The
measurement of AFBð

ffiffiffi
s

p
Þ at three different values of

ffiffiffi
s

p

can provide sufficient information to simultaneously con-
strain the three independent C⃗4f coefficients. The three
energy points more sensitive to deviations from the SM can
be identified by calculating the difference between the
prediction in the SM and in the SMEFT with current
bounds on C⃗4f, as shown in Fig. 5, and they are found as
the two local minima located at

ffiffiffiffiffi
s1

p ¼ 89 GeV and
ffiffiffiffiffi
s3

p ¼
98 GeV and the maximum at

ffiffiffiffiffi
s2

p ¼ 93 GeV. It is worth
stressing that the radiative corrections will play an impor-
tant role, in particular, in the choice of the optimal energy
points. Nevertheless, we checked that, with the addition of
QED leading logarithmic corrections switched on, the
shape of the plot in Fig. 5 is preserved, the largest shift
affecting the second local minimum which moves to about
103 GeV. By considering instead

ffiffiffiffiffi
s3

p ¼ MZ, we still find
enough constraining power on C⃗4f.
The relative deviation of AFBð

ffiffiffi
s

p
αÞ in the SMEFT can be

written by rearranging Eq. (17) [94]:
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where the dependence on the WCs has been factored to the
left while to the rhs we have the simulated data. To
quantitatively estimate the uncertainty reduction for four-
electron WCs at FCC-ee or CEPC, we solve the system of
Eq. (20) by setting ΔAFB to the foreseen experimental
precision. Assuming six effective months of run (5 × 106 s)
for each energy point with a FCC-like instantaneous
luminosity L FCC ¼ 1.4 × 1036 cm−2 s−1 [22], we find that
the statistical uncertainty on the forward-backward asym-
metry is ΔA0

FB;α ≲ 5 × 10−5. Therefore, the 1σ uncertainty

on four-electron coefficients is reduced to ΔC⃗4f ≲ 10−2,
yielding to a contribution δSMEFT ≃ 5 × 10−6 on the Z-peak
luminosity at FCC, which is smaller than the precision goal.
This constraint would be enough also for future eþe−

collider runs at higher energies.

B. The high-energy region

In the scenario of high-energy future machines that will
not revisit the Z resonance scan, the AFB observable can not
be used to constrain the four-fermion WCs, as it is almost
constant for

ffiffiffi
s

p ≳ 120 GeV. Since linear collider projects
feature polarized beams, we investigate the possibility of
using polarization asymmetries for LABS at

ffiffiffi
s

p
¼

250 GeV [95] at different angles, assuming that they are
independent of the luminosity [96]. For longitudinally
polarized beams with fraction Pe' of polarized positrons
and electrons, the differential cross section in the scattering
angle can be written as

dσðPe'Þ
d cos θ

¼ 1

4

X

I;J¼L;R

ð1þ PeþI
Þð1þ Pe−J

ÞdσeþI e−J ; ð21Þ

FIG. 5. Absolute deviation of the LABS AFB predicted in the
SMEFT and the SM, using the current knowledge on WCs. The
solid line is the central value, whereas the shaded regions are the
1σ and 3σ uncertainty bands.
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where Pe!R
¼ Pe! and Pe!L

¼ −Pe! , with the proposed
values jPe− j ¼ 0.8 and jPeþ j ¼ 0.3. The theoretical pre-
diction for polarization asymmetries Ath

pol, built from the
SMEFT calculation of dσðPe!Þ=d cos θ as defined in
Eq. (21), can be exploited to fit the confidence intervals
of C⃗4f. We consider n ¼ 78 experimental bins in cos θ of
width Δ cos θ ¼ 0.02 and consider a multivariate Gaussian
likelihood [94] whose negative logarithm χ2 ¼ −2 logL is
defined as

χ2 ¼ −2 logL ¼
Xn

α¼1

ðA0
pol − Ath

polðC⃗4fÞÞ
2

α

ðΔA0
polÞ2α

; ð22Þ

which is distributed as a chi-squared with the number of
d.o.f. given by ν ¼ dimðC⃗4fÞ ¼ 3. The projected exper-
imental value for the asymmetry in the βth bin and its
statistical error ΔA0

pol;α are computed as above, by taking an
expected luminosity of L ILC ¼ 1.35 × 1034 cm−2 s−1 for
six months of run (5 × 106 s). χ2ðC⃗Þ ¼ −2 logLðC⃗Þ. Under
these hypotheses, the χ2 can be rewritten as

χ2ðC⃗Þ ¼ 1

Λ4
NP

X

i;j

X

α;β

Ciκ
ð6Þ
i;αW

−1
αβ κ

ð6Þ
j;βCj;

where κð6Þi;α ¼ ∂Ath
pol;α=∂Ci is the derivative of the SMEFT

theoretical prediction. The matrix V−1
ij ¼

P
α;β κ

ð6Þ
i;αW

−1
αβ κ

ð6Þ
j;β

is the inverse covariance matrix between WCs. The
amplitude ΔðCiÞ of the 68% confidence interval on Ci is
given by

ffiffiffiffiffiffi
Vii

p
. This is equivalent to the projection on the Ci

axis of the region in the space of WCs corresponding to
χ2ðC⃗Þ ≤ 1, which we obtain with MC replicas.
The commonly measured left-right asymmetry is defined

as Aff
LR ¼ ðσL − σRÞ=ðσL þ σRÞ, where the right cross

section σR is obtained by measuring the quantity of
Eq. (21) for a fixed set ðPeþ ; Pe−Þ and the left one σL is
obtained by inverting the sign of the polarizations. This

observable was used at the SLD experiment at SLC for a
precision measurement of sin2 θleff [97,98], and it can be
effective in future precision tests of the SM and of NP
scenarios [28,99–101]. Unfortunately, as shown in the third
panel in Fig. 6, such asymmetry exhibits an almost exact
flat direction as Cll ≃ Cee due to its mild sensitivity to Cle,
whose contribution depends on the product PeþPe− and,
hence, cancels in the numerator of ALR. Therefore, in
analogy with ALR, we propose the following differential up-
down asymmetry for a fixed

ffiffiffi
s

p
:

A−
↑↓ðPe! ; cos θÞ ¼

dσðPeþ ; Pe−Þ − dσðPeþ ;−Pe−Þ
dσðPeþ ; Pe−Þ þ dσðPeþ ;−Pe−Þ

; ð23Þ

inverting the sign of Pe− . In Fig. 6, we show the results of
the χ2 fit for Apol ¼ ALR; A−

↑↓ projected into 2D subspaces
at 68% confidence level. While ALR does not constrain
further C⃗4f, using the up-down asymmetry the uncertainty
ΔCi is reduced to a few 10−3 for all four-electron WCs.
This would correspond to a negligible effect of δSMEFT ≲
10−7 on the SABS luminosity measurements.

IV. CONCLUSIONS

Assessing the NP contamination to luminosity measure-
ments will be crucial to achieve the precision physics
program at future eþe− colliders. In this paper, we have
studied the BSM effects to the reference process SABS
using an improved version of BabaYaga@NLO.
We have shown that the impact of light new scalars and

vectors on the absolute luminosity is well below the
expected experimental uncertainties for all scenarios.
The heavy NP contributions have been parametrized in a

model-independent way, within the SMEFT framework.
We have shown that the shifts of the SM Zee couplings are
irrelevant, whereas the uncertainties to the SABS due to
four-electron operators are not negligible around the Z
resonance, as well as at higher energies.

FIG. 6. Results of the χ2 fit at 68% confidence level projected in two-dimensional subspaces. As can be seen in the third panel, the fit
of ALR manifests an approximate flat direction in the ðCll; CeeÞ plane.
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δSMEFT < 10−5 δSMEFT < 10−7χ2 =
n

∑
α=1

(A0
pol − A th

pol( ⃗C 4f ))
2

α

(ΔA0
pol)2α

ΔC4f < 10−2
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≃ α
π2 ∫ ds

s
K(s)β2

π |Fπ(s) |2 f(s)

The pion form factor

aHLO
μ = α

π2 ∫
∞

4m2π

ds
s

K(s)( α(s)
3

σ(e+e− → hadrons)
σ(e+e− → μ+μ−) )

The Pion FF is a key quantity to determine the (g − 2)μ

In scan experiments, the PionFF is given by the ratio

|Fπ |2 = ( Nπ+π−

Ne+e−
− Δbg) ⋅ σ0

e+e− ⋅ (1 + δe+e−) ⋅ εe+e−

σ0
π+π− ⋅ (1 + δπ+π−) ⋅ επ+π−

Radiative corrections are estimated via MCδπ+π−

ϵπ+π− Also the acceptance has a MC dependence via the 
charge asymmetry

ANLO
FB = ALO

FB + α
π

Aα
FB = 0 + α

π ( σodd
B − σodd

F

σNLO )

The FF has to be modelled due its non-perturbative nature

Factorised sQED — The FF is attached to virtual 
amplitude as to cancel infrared divergences

Fπ(q2) = 1 + q2

π ∫
∞

4m2π

ds′ 

s′ 

ImFπ(s′ )
s′ − q2 − iε′ 

FsQED — Relies on the analytic properties of the 
FF, written via a dispersion relation

GVMD — A model based on the mixing of the 
photon with light resonances

FBW
π (q2) =

nr

∑
v=1

FBW
π,v (q2) = 1

ct

nr

∑
v=1

cv
Λ2

v

Λ2v − q2



QED Structure functions

σ(s) = ∫ dx1dx2dy1dy2 ∫ dΩD(x1, Q2)D(x2, Q2)D(y1, Q2)D(y2, Q2) dσ0(x1x2s)
dΩ Θ(cuts)

D(x1, Q2)
E x1E

D(x1, Q2)
x2E E

σ0(x1x2s)

D(y1, Q2)

D(y2, Q2)

QED corrected 
cross section

Hard-process 
cross section

Master Formula

Convolution of SFs



= 1 + z2

1 − z

QED Structure functions

Q2 ∂
∂Q2 D(x, Q2) = α

2π ∫
1

0

ds′ 

s′ 

P+(s′ )D ( x
s′ 

, Q2)

Π(Q2, m2)δ(1 − x)

+ α
2π ∫

s

m2
Π(Q2, s′ ) ds′ 

s′ 

Π(s′ , m2)∫
x+

0
dy P(y)δ(x − y)

+2 photons…

DGLAP Equation

Sudakov form factor

Probability that the particle evolves from 
virtuality  to  without emitting a photon 
with energy fraction bigger than 

s1 s2
ϵ = 1 − x+

Altarelli-Parisi splitting function

s1 s2

Splitting of a particle of energy  in a daughter 
of energy 

E
xE

E
xE

(1 − x)E

Structure Functions (FS) are solutions of the DGLAP equation

D(x, Q2) =

SF generate all the emissions in collinear approximation

= exp [− α
2π ∫

s2

s1

ds′ 

s′ ∫
x+

0
dzP(z)]Π(s1, s2)

P(z)



QED PS algorithm

The Parton Shower (PS) algorithm is a Monte Carlo 
exact solution of the DGLAP equation

dσLL
PS = Π(ϵ, Q2)

∞

∑
n=0

1
n! ℳLL

n
2

dΦn

Energy spectrum Angular spectrum
In the PS approach, you can generate 
the photon kinematics with p⊥ ≠ 0

I(k) = ∑
ij

ηiηj
pi ⋅ pj

(pi ⋅ k)(pj ⋅ k) k2
0

Energy generated 
as the A-P splitting

P(z) = 1 + z2

1 − z

The eikonal function  is exponentiated, as it gives the 
same integral as of the PS kinematics

I(k)

= exp {− α
2π }

Sudakov FF

I+ log Q2

m2

Π(ϵ, Q2) = exp {− α
2π ∫

1−ϵ

0
dzP(z)∫ dΩkI(k)}ℳLL

1
2

= α
2π

P(z) I(k) |ℳ0 |2 J



BabaYaga@NLO master formula

dσNLOPS = FSVΠ(ϵ, Q2)
∞

∑
n=0

1
n! (

n

∏
i=0

FH,i) ℳLL
n

2
dΦn

FSV = 1 + (Cα − CLL
α )

virtual and real emissions 
are approximated

In BabaYaga@NLO, the PS is matched with 
the NLO calculation via the correction factors

FH = 1 +
ℳ1

2 − ℳLL
1

2

ℳLL
1

2

Matched PS

affects the normalisation

LL PS

(1 + CLL
α ) |ℳ0 |2 dΦ0

|ℳLL
1 |2 dΦ1

dσLL
α

Soft+virtual

Real

dσα
NLOPS𝒪(α)

Exact NLO

(1 + Cα) |ℳ0 |2 dΦ0

dσα

|ℳ1 |2 dΦ1

virtual and real 
corrections are exact

BabaYaga@NLO

 exact Matrix Element 
 permutations of   ME

1γ
nγ 1γ

dΦn The phase space is exact at all orders



Radiative return

Flavour factories can measure the Pion FF also by radiative return, i.e. 
when the CMS energy is reduced by the emission of an ISR photon

e+e− → π+π−γ
e+e− → l+l−γ

Signal

NormalisationThere are just two MC: Phokhara and AfkQED.

KLOE-like Small Angle KLOE-like Large Angle

Validation 

Validation 

e+e− → π+π−γ e+e− → π+π−γ

e+e− → π+π−γ

e+e− → π+π−γ



σSMEFT = σSM + σ(6) = σSM +
n

∑
i=1

Ci

Λ2NP
σ(6)

i

Interference between SM and dim-6σ(6)
i

Work Hypothesis

Leading Order

𝒪(Λ−2
NP)

(ℳ†
SMℳ(6))LO

Up to dim-6  

LO approximation

EW scheme

Complete SMσγ + σZ + σγZ

Heavy New Physics ΛNP ≫ ΛEW

{α, MZ, Gμ}

Next-to-Leading Order

σ(6)
NLO = ∑

j

Cj(μ)
16π2Λ2NP

2Re (ℳ†
SMℳ(6)

NLO,j(μ))

σ(6)
NLO,i

σ(6)
LO,i

≃ g2
SM

16π2 log M2
Z

| t |
≃ 𝒪(1%) σ(6)

NLO,j

σSM
≃ | t |

Λ2NP

Cj

16π2 log Λ2
NP

| t |
≃ 2 × 10−4Cj

SM NLO corrections to dim-6 
operators appearing at LO

Dim-6 operators loop insertions

Two sets of contributions



(δ ± Δδ)SMEFT = 1
σSM

σ(6) ± ∑
ij

σ(6)
i Vijσ(6)

j

ΔCHLLHC

Heavy New Physics: Results

Cll,le,ee

The contribution grows 
with angle and energy

Global fit of LEP+flavour data
ΛNP = 1 TeV

The deviation is computed taking into 
account correlations between WCs

Future Colliders scenarios taken from EPPSU inputs

A. Falkowski et al. arXiv:1706.03783

δSMEFT ≃ δL



HL-LHC will not improve 
significantly 4fermions WCs 
bounds

ΔCHLLHC

Ath
ab = ASM

ab {1 + (σa − σb)(6)

(σa − σb)SM
− (σa + σb)(6)

(σa + σb)SM }

Aab = Na − Nb

Na + Nb

Asymmetries  Large Angle Bhabha Scattering (LABS)θ ∈ [40,140] deg

{a, b} = {F, B}, {L, R}, { ↑ , ↓ }

The theoretical prediction depends on WCs

Aab(e+e− → l+l−, qq̄)

Aab(e+e− → e+e−)

CIIJJ
ij = CIIII

ij

C1111
ll ≠ C1234

llGeneric

Universal

Flavour Coefficients Data
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Hypothesis: no NP 
observedC = 0

Large Angle asymmetries
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∑
i∈4f

Ci

Λ2NP [ (σF − σB)(6)
i

(σF − σB)SM
− (σF + σB)(6)

i

(σF + σB)SM ]
α

=
ΔA0

FB,α
A0

FB,α
,

We use the FB asymmetry as a function of sα

To fit the three WCs we can use three points

s1 = 89 GeV
s2 = 93 GeV
s3 = 98 GeV

ΔC4f < 10−2 δSMEFT < 10−5

In 6 months of run on every point

χ2 =
n

∑
α=1

(A0
pol − A th

pol( ⃗C 4f ))
2

α

(ΔA0
pol)2α

A−
↑↓(Pe±, cos θ) = dσ(Pe+, Pe−) − dσ(Pe+, − Pe−)

dσ(Pe+, Pe−) + dσ(Pe+, − Pe−)

For polarised beams  is not sensitive to all WCs. 
We propose another polarisation asymmetry

ALR

Up-down asymmetry

We calculate the 68% CLs using

δSMEFT < 10−7

Alternatie Scenarios


