Precision luminosity measurements at future colliders
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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 Instantaneous luminosity
7 //Ldt NG Ny Number of events
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The precision of observed absolute cross sections ¢ = (1/¢)N/L is
limited by the error on luminosity
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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 AL/L =
0.037% removed a long-standing tension on the number of light neu-
trino species N,.

Alternative processes

Luminosity is measured through benchmark processes. At ete™ col-
iders, the alternatives are

Small-angle Bhabha Diphoton
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Essentially a QED process for Pure QED, EW effects at NLO

S and hadronic uncertainty
t = —=(1—cosf 0 <1
2( cosf), cosf < 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

Light/Feeble SM

Heavy Contact

Future colliders

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

Vs =91, 160, 240, 365 GeV
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New Physics in SABS

Standard Model

The main challenge for the Standard Model calcula-
fions s to compute Electroweak radiative corrections at
107*  level. Below, the actual state-of-the-art precision
Photonic Light pairs Vacuum pol.
0.011% D 0.005% D 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

;0% |
LonprT = Lom + Y RQ —+0 (AT>
. NP 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
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Constraining interactions with LABS

In order to reduce the uncertainty coming from three coefficients
Cip = {Cle, Cpy, Cee} we can fit the forward-backward asymmetry
pseudo data App(v/s,)

Forward-backward asymmetry fit

6 0
3y Ci |(op—op); (0F+UB)§) AApg

- — _
icaf ANP (OF OB)SM

(oF + oB)sM APB o

L = e’

)

The three measured points are chosen to be the ones that maximise
the difference A%%EFT — A%l\BA based on current bounds.

The 1o uncertainty on four-electrons coefficients is reduced to

ACH fee S 102 and [AC), S 10°° vielding to dqyppr ~ 5 x 1076
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on the Z-peak luminosity at FCC.
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The NLO SMEFT corrections are O(1 — 10%) over the LO, thus neg-
ligible.

NLO EW corrections to v~ in the SM(EFT)

Standard Model EW corrections + PS

The cross section, as computed by BabaYaga@NLO, is given by the
photon-resummed formula
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Here we show a comparison of the v+ and Bhabha cross sections at
LO. Angular distribution can be used to separate the background.
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The relative impact of the complete NLO EW corrections w.r.t. the
QED ones is at the level of 1 — 2%.
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NNLO Pair corrections

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

A ED
R0 £ 00had = (035 — 010) % [Aa(s) £ Aapg]

Vs (GeV) ai§%£+top/ o0 OANTO JoLO 0014/ L0
01 0.096% 0.085%  3.7-107°
160 0.108% 0.098%  3.8.107°
24() 0.115% 0.108%  3.9-107Y
365 0.119% 0.120%  4.0-107

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~* level
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In the SMEFT, the first contributions to this process appear at next-
to-leading order
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SMEFT NLO corrections
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