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Physics motivations

Main parameters in particle colliders: center of
mass energy (v/s) and luminosity (£).

\/s: available energy to produce new effects.

L: ability to produce rare events (collision rate
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van der Meer method

Experimentally, £ is Ryeak Measured with 2TX, X,
measured as a ratio ~ = " ——  van der Meer gyiq = N Rpeak
of Rpeq @nd O, V1S (VdM) scans 11V2V
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Beam intensities

Several systematic effects, from detector or acelerator, can change the
measurement of o,

Beam intensities measured with DC current transformers while bunch currents with
fast beam current transformer, both sensitive to charges outside colliding bunches
that must be quantified and subtracted.

CERN-ATS-Note-2012-029 PERF
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Beam position monitoring

Orblt Drlft (OD) beam Sh|fts from 1, EMS. LHC beam position monitors
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Length scale (LS): actual beam displacement
(and hence beam separation).

Produced by LHC steering magnets intended to
produce a given nominal displacement.

Linear fit to the difference between measured
and nominal position.

Vertex — nominal position [um]

t [min]

CMS 2016 (13 TeV)

! | ! ! | ot
Fill 4945, horizontal scan
x Forward

X2/dof=2.7/3
EPJC 81 (2021) 800

= Backward
[ Slope: —0.008 = 0.001
¥2/dof=22/3

Slope: —0.008 + 0.002 ]

I T SR S SR S

-200  -100 0 100 200
Corrected nominal position [um]

Lizardo Valencia Palomo

5




Beam position monitoring
W

Electromagnetic repulsion between
colliding bunches generates the so-
called beam-beam (BB) effects.

Defocusing of beams modifies the
shape of transverse bunch profiles
(dynamic 3*)

Residual OD: difference between
the nominal and corrected beam
position after all known effects (BB,
OD & LS) are taken into account.
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X-Y factorisation

VdM method assumes factorisation of bunch densities for A .

Bl method: reconstructed vertices used to obtain an
Image of the transverse bunch profiles (data driven).

Luminous region evolution: using luminous region and
beam parameters, from 3D models of primary vertices
distribution (bunch profiles are simulated).

Factorisation impact: compare luminosity from VdM to
Bl method and lumi region evolution.

Both methods provide consisten results.
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Integration

. . . . . CMS 2016(13TeV)
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Run 2 pp collisions at 13 TeV

Relative (%) systematic uncertainties in g,

Beam currents

Orbit drift 0.2 0.1 0.2 0.1
Length scale 0.2 0.3 0.3 0.2
Beam position 0.8 0.5 0.2 0.1
Beam-beam 0.5 0.5 0.6 0.2
X-Y correlation 0.5 0.5 0.8 2.0
Linearity 0.5 0.3 1.5 1.1
Stability 0.6 0.5 0.5 0.6
Total uncertainty 1.6 1.2 2.3 2.5
2015 & 2016: EPJC 81 (2021) 800 2017: CMS-PAS-LUM-17-004

2018: CMS-PAS-LUM-18-002
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Summary

Precise luminosity measurements needed to constraint SM & beyond SM physics.

CMS relais on the VdM method to determine luminosity. Detailed study of different
source of systematic uncertainties have been performed.

2015-2016: ~ 1.5% uncertainty, example of the astonishing performance of CMS
On going efforts to reduce 2017 & 2018 uncertainties.

Precisse heavy ion luminosity measurements to be realesed soon.
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Summary

Precise luminosity measurements needed to constraint SM & beyond SM physics.

CMS relais on the VdM method to determine luminosity. Detailed study of different
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Precisse heavy ion luminosity measurements to be realesed soon.

Thanks {or your attention
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Luminometers
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van der Meer scans: 2016 example

— 600 CMS, LHC beam position monitors EPJC 81 (2021) 800 2016 (13 TeV)
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VdM scans: beams move 25 steps, 30 secs each, from 60,

Beam imaging (Bl) scans: one beam fixed and the
other moves 19 steps of 40 secs over +4.50, .-

Length Scale Calibration (LSC): both beams separated
by 10,.,, Mmove together in 10,.,, steps from +20, .,
position and then repeat from -lo,.,, Separation. In
total 5+5 steps of 60 secs each.
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Luminosity using Z bosons

Z—J*u clean experimental signature, large cross
section, mass and width well known. Already used
for calibrations and efficiencies. What about
luminosity?

ofiq = N%/L with of identical for same +/s data
sets. Ratio of NZ used to transfer lumi. calibration

from one data set to another. 2017 data sets: low
and high PU.

A
NhPU

Z
NIPU

Lypyu Lipy

Low PU luminosity uncertainty (1.7%) determined
with VdM scan ( ).

Agreement down to 0.2% realtive to the reference
luminosity measurement.
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Luminosity using Z bosons

Stability of hPU luminosity well within reference uncertainties.

Transfer luminosity uncertainty of 0.4% =» total hPU uncertainty of 1.8%, to be
compared to the 2.3% from ordinary measurement ( ).

HL-LHC: up to 200 pp collisions per bunch crossing = Z boson counting will provide
significant improvement to the luminosity determination.
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