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LUMI – Precision luminosity measurement
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● Gitlab wiki
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Overview
▶ Luminosity calibration important for total cross-section and line-

shape measurements (Z pole, WW, HZ, ...)

▶ Absolute calibration, goal < 10‒4 

▶ Point-to-point precision, goal < 10‒5 

▶ Requirements for Lumi calibration process(es):

● Large rate / low backgrounds

● Good control of exp. systematics

● Reliable, high-precision theory prediction,
negligible BSM influence





Small-angle Bhabha scattering
▶ Experimental challenges:

● Metrology (geometrical acceptance)

● Beam parameters

● Energy calibration and background from beamstrahlung (for LCs)

▶ Theory challenges:

● Photon vacuum polarization

● Pair production

● NLO electroweak corrections







Bhabha theory uncertainties
▶ Mostly QED process -> controlled calculation of h.o. corr.

▶ Implementation in MC framework is complex task, but not 
fundamental obstacle

▶ Challenge 1: fermion pair production

▶ Challenge 2: 
hadronic vacuum 
polarization
(non-perturbative, 
 from data or lattice)



slide from S. Jadach



Bhabha theory uncertainties
▶ Challenge 1: fermion pair production

● Technology for e+e- → 4f @ NLO exists [Denner, Dittmaier, Roth, Wieders, 2015]

▶ Challenge 2: hadronic vacuum polarization

● Factor 2 improvement expected from [Jegerlehner 2019]

new data/calculations, but beyond that
unclear

▶ EW (NLO+) corrections missing in existing tools,
but straightforward to implement



Di-photon production
▶ Experimental challenges:

● Statistical precision 
● Z-pole:    5 10⨯ ‒5 for 10 ab‒1

● 250 GeV:  4 10⨯ ‒4 for 5 ab‒1

● Background from Bhabha (100x larger)

 (for 10‒4 precision need 10‒6 suppression, i.e. 10‒3 per track 
– doable in central tracking region)

● Acceptance





Di-photon production
▶ Theory challenges:

● Photon vacuum polarization only at NNLO (no problem),
but there are also (very uncertain) light-by-light contributions

● Large angle requirement (cos θ  0.9) ⪅
→ relatively large impact of EW corrections

● Not much MC development



LUMI: Summary / Open Questions
▶ ee→γγ promising for absolute calibration

▶ Bhabha still important for point-to-point calibration
(higher statistics)

▶ No full study for ee→γγ has been done
(backgrounds, acceptance, theory uncertainties, ...)

▶ Need detailed design for LumiCal

▶ Impact of beamstrahlung?
(from simulation? from in-situ lumi spectrum measurement?)

▶ MC tools need to be upgraded: fermion-pair prod., ...



Wmass – Mass and width of the W boson
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WW threshold uncertainties
▶ Energy calibration:

● O(10−6) precision from resonant depolarization at circ. colliders

● Comparable precision may be achievable from
                                          decays [ref]

▶ Theory challenges:

● Factorization of WW production and W decay not adequate near 
threshold

● For ΔmW ~ 1 MeV need e+e- → 4f at NNLO (!)

● Alternatively, use EFT framework with NNLO and N3LO building 
blocks  [see arXiv:1906.05379 for more details]

● More precise treatment of initial-state QED radiation

https://indico.desy.de/event/33640/contributions/127989/attachments/77657/100606/ECFAHamburg_V3.pdf
http://arxiv.org/abs/1906.05379


W mass from decay kinematics
▶ Kinematic reconstruction of ℓνqq and qqqq final states:

● ~1 MeV stat. prec. for mW and ΓW 

● Beam energy constraint overcomes jet energy scale uncertainty

● Jet physics and hadronization are still dominant syst. err.
(color reconnection for qqqq)

● Excellent detector efficiency (even for low-E hadrons) can help to 
control hadron/QCD uncertainties

▶ Fully leptonic differential observables:

● Lepton energy spectrum and pseudomass [OPAL, hep-ex/0203026]

● Higher stat. err. but lower syst. err.

http://arxiv.org/abs/hep-ex/0203026






Wmass: Summary / Open Questions
WW threshold scan:

▶ Study Multi-point (n>3) scans to reduce/cancel syst. err. from 
acceptance, luminosity, background

▶ Updated studies with modern generators and methods to evaluate 
uncertainties

▶ Higher-order (~NNLO) corrections

W decay kinematics:

▶ Impact of different CoM energies and syst. err.

▶ Explore combined analysis of WW, ZZ, Zγ to cancel exp./th. syst. errs

▶ Modeling of hadronization, color reconnection



Backup





LEP (OPAL): 

● inner/outer radius
2.5 μm and 11 μm

● z-position: 123 μm

● achieved lumi prec.:
3.4 x 10‒4

For FCC-ee:

● factor ~2 improvem.
for same precision

● additonal factor 4 for
precision goal 10‒4 
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