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� measure of collision rate in the experiment

� crucial input to cross section measurements

Van der Meer scan

x

beam 1
beam 2
beamspot

t

� beams moved in steps across each other

� measure event rate as function of beam separation

Van der Meer scan result

n
o

rm
a

liz
ed

ra
te

beam separation

p
ea

k
ra

te

width

Visible cross section

σvis =
2π ΣxΣy

beam overlap widths
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proton numbers
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revolution frequency

� derived separately for each luminosity detector

� used to normalize rate measurement

Precision of int. luminosity

Uncertainty [%] 2016 2017 2018

Length scale 0.8 0.3 0.2
Orbit drift 0.4 0.2 0.1
Beam-beam effects 0.6 0.6 0.2
Beam current 0.5 0.3 0.2
Factorization bias 0.9 0.8 2.0
Consistency — 1.1 0.6

Calibration total 1.5 1.6 2.1
Integration total 2.0 1.7 1.3

Luminosity total 2.5 2.3 2.5
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CMS 2018 (13 TeV)Preliminary

forward direction
slope: −0.0083 ± 0.0005
χ2/d.o.f. = 49.2 / 3

backward direction
slope: −0.0050 ± 0.0005
χ2/d.o.f. = 3.1 / 3

horizontal scan

Length scale
calibration

� nominal position from
LHC magnet currents

� vertex position with
sub-micron accuracy
from the CMS tracker

� length scale scan: move
beams back and forth

� slope applied as correction
to beam separation

Orbit drift
� beams can drift off their nominal positions

� use LHC beam position monitors to correct the beam separation
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LHC Beam Position Monitors 2017 (13 TeV)
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√
s=13TeV Consistency

� between different
scan pairs

� between different
bunch crossings

� between different
luminosity detectors

Beam-beam effects

Beam-beam deflection→
� beams deflected by other beam’s electric field

� correct beam separation to account for effect

← Dynamic β∗ effect

� beams (de)focused by other beam’s magnetic
quadrupole moment

� correct collision rate to account for effect

� parameterization currently under re-evaluation
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bunch crossing number
41 281 872 1783 2063

CMS
Fill 6016 (2017, 13 TeV)

Preliminary
fit model: g1 +g2
fit model: g1 +g2 – g3

Factorization bias
� σvis from product of widths in two

scan directions assuming
factorizable beam shapes

� beam shapes not perfectly
factorizable ⇒ calibration biased

� reconstruct transverse proton bunch
densities with beam-imaging method

� use result to evaluate factorization
bias, apply as correction to
measured σvis

Beam current
measurement

� proton numbers from current measurements with LHC devices

� corrections for spurious charges not contributing to collisions

CMS–PAS–LUM–18–002, CMS–PAS–LUM–17–004,
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