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Reference processes for luminosity

• Instead of getting the luminosity from machine parameters, it’s more effective to exploit the relation

σ =
N

L
→ L =

Nref

σtheory

δL

L
=

δNref

Nref
⊕ δσtheory

σtheory

• Reference (normalization) processes are required to have a clean topology, high statistics and be

calculable with high theoretical accuracy

⋆ Large-angle QED processes as e+e− → e+e− (Bhabha), e+e− → γγ, e+e− → µ+µ− are golden

processes at flavour factories to achieve a typical precision at the level of 1÷ 0.1%

↪→ QED radiative corrections are mandatory

⋆ At LEP and future high-energy e+e− machines small-angle Bhabha scattering is the golden process
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Digression on neutrino counting at LEP
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Digression on neutrino counting at LEP
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Revisiting luminosity th. err. at LEP & prospects for future machines

Luminosity: theory 5 / 15



Summary of QED (photonic) radiative corrections

Loosely and schematically, the corrections to the LO cross section can be arranged as

(L ≡ log s
m2

e
= collinear log)

LO α0

NLO αL α

NNLO 1
2
α2L2 1

2
α2L 1

2
α2

h.o. ∑∞
n=3

αn

n!
Ln

∑∞
n=3

αn

n!
Ln−1 · · ·

Blue: Leading-Log PS, Leading-Log YFS, SF
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Summary of QED (photonic) radiative corrections

Loosely and schematically, the corrections to the LO cross section can be arranged as
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Red: PS matched to NLO, YFS, SF + NLO
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Summary of QED (photonic) radiative corrections

Loosely and schematically, the corrections to the LO cross section can be arranged as

(L ≡ log s
m2

e
= collinear log)

LO 90%

NLO 10% 0.5%

NNLO 0.5% 0.05% 0.01%

h.o. 0.01% · · · · · ·

Tipically at flavour factories (on integrated Bhabha σ)

Possible additional enhancements from IR logs induced by events selection
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Matching NLO and a QED Parton Shower in BabaYaga@NLO

Balossini et al., Phys. Lett. 663 (2008) 209; Balossini et al., Nucl. Phys. B758 (2006) 227

C.M.C.C., Phys. Lett. B 520 (2001) 16; C.M.C.C. et al., Nucl. Phys. B 584 (2000) 459

• BabaYaga@NLO is based on a QED Parton Shower matched with exact NLO matrix elements, such that:

⇝⇝⇝
[
σ∞
matched

]
O(α)

= σα
NLO

⇝⇝⇝ resummation of higher orders LL (PS) contributions is preserved

⇝⇝⇝ the cross section is fully differential in the momenta of the final state particles (e+, e− and nγ)

⇝⇝⇝ as a by-product, part of photonic α2L included by means of the matching procedure

G. Montagna et al., PLB 385 (1996)

⇝⇝⇝ the theoretical error starts with O(α2) (NNLO) not infrared, singly collinear terms: very naively and

roughly (for photonic corrections)

1

2
α2L ≡ 1

2
α2log

s

m2
e

∼ 5× 10−4
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Results with BabaYaga@NLO for luminometry
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Results with BabaYaga@NLO for luminometry
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Estimating the theoretical accuracy

in “Luminosity”, S. Actis et al., Eur Phys. J. C 66 (2010), 585

“Quest for precision in hadronic cross sections at low energy: Monte Carlo tools vs. experimental data

• A sound estimate of the theoretical accuracy & error must go through a careful comparison of
independent calculations/codes, in order to

⇝⇝⇝ assess the technical precision and spot bugs (with the same theory)

⇝⇝⇝ estimate the theoretical error when including partial/incomplete higher-order corrections
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Comparison with NNLO calculation for double virtual + soft

Using realistic cuts for luminosity @ KLOEComparison of σα2

SV calculation of BabaYaga@NLO with

• A. Penin (PRL 95 (2005) 010408 & Nucl. Phys. B734 (2006) 185, i.e. NNLO photonic corrections): as a function of the log of the soft
photon cut-off and of a fictitious electron mass
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⋆ differences are infrared safe, as expected

⋆ δσ(photonic)/σ0 ∝ α2L, as expected

• Numerically, for various selection criteria at the Φ and B factories

σα2

SV(Penin)− σα2

SV(BabaYaga@NLO) < 0.02%× σ0
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Lepton pair corrections

from an old talk (2014)
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Total error budget

from the same old talk
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e+e− → γγ

• Also e+e− → γγ can be used as reference process for luminometry:

⇝⇝⇝ even if it has lower cross-section and larger background

⇝⇝⇝ from the theoretical point of view: “only” ISR (smaller RCs), VP enters only at NNLO

⇝⇝⇝ It’s implemented in BabaYaga@NLO, in the same framework: Parton Shower + NLO

Luminosity: theory 14 / 15



Conclusions

⇝⇝⇝ Precise luminosity knowledge is important for key measurements at flavour factories

⇝⇝⇝ Monte Carlo generators are essential tools to account for experimental cuts & interface to detector

simulation

⇝⇝⇝ Theoretical accuracy must be firmly assessed

⇝⇝⇝ Now Bhabha is implemented at NNLO in McMule P. Banerjee et al., PLB 820 (2021) 136547

⇝⇝⇝ e+e− → γγ at NNLO next talk by Marco

⇝⇝⇝ Is it time to re-visit and re-asses the theoretical accuracy for luminosity at low-energy e+e− machines,

under the light of new developments and independent calculations?
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SPARES
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Resummation beyond α2

⇝⇝⇝ With a complete NNLO generator at hand, can LL resummation beyond α2 be neglected (Bhabha at

KLOE)?
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⇝⇝⇝ Resummation beyond α2 still important (at least for some distributions)!
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