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Luminosity at LHC Run 2

Instantaneous lUMINoOsIty IS @ Measure of collision rate

R(@) =Z(1) - 0\<is

Determined from Van der
Meer scans

Measured online and delivered to control rooms to
optimise beam conditions

Integrated l[uminosity Is a crucial iINnput to cross section
N(pp = X)

| Zdr

g

4+ Target precision: 1% More in Hamed
Bakhshiansohi's talk

Jnits of luminosity: (area - time)-!

measurements o(pp — X) =

4+ Instantaneous luminosity: Hz/ub

+ Integrated luminosity: b
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Aluminous
N protons, e transverse TN hrotons,
lumINous area
frequency v Lnc Alrinone frequency ¥Lnc
Luminosity measurement at hadron colliders
4+ C(Calibration of predicted reference o(pp — X)
4+ Integration of rate measurement
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Van C

Van der Meer (VdM) scans: beams scanned across each
other transversely under special run conditions

er Meer Methoc

4+ Determine the beam shapes In x and y from scan of rates

for different transverse beam separations
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4 N7 N> from beam Intensities and bunch currents data

+ &y, 2y evaluated as widths of fitted distributions,

double-Gaussian + constant

4+ Rates corrected for backgrounds

Different sources of systematic uncertainties studied
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Position Monitoring

Orbit drift: time-dependent movement of beams
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—_
(@)

(O

4 Measured on head-on collisions, before/after each scan
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4+ Linear interpolation to correct from position monitors
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VdM method assumes beam proton densities factories in x and y
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4 Factorization bias: Auminous #2T2x2y If beam shapes have x-y correlations

Estimated from reconstructed transverse proton beam densities using measured vertices
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Rate corrections
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Stability: change of detector
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4+ (ross-detector stability from
iINdependent systems

Invalidated data highlighted in red

DESY. Precdsion luminosity measurement with p-p collisions at the CMS experiment in Run 2 | Angela Giraldi, 08.07.2022

K Ratio of integrated luminosity

1.05

1.04
1.03
1.02

1.01

0.99

0.98
0.97

2016 (13 TeV)
1 o - RAMSES/PCC »  HFOC/PCC
g o RAMSES/PCC (invalidated) = HFOC/PCC (invalidated)
-
_E %
-' :

008 (Lc02) L8 D T 'SAUd N3

25 30 35
Integrated luminosity [fb'1]J

11 /14



http://dx.doi.org/10.1140/epjc/s10052-021-09538-2

RUN 2 LUMINOoSIty ¢

{13 eV

2015 2016 201/ * 2018 * 0016 -
pp, 13 TeV
Cur Phys. J.C 81(2021) 800 LUM-17-004  LUM-18-002 2018
Recorded luminosity [fb] 2.27 36.3 415 59.8 138
Total uncertainty %] 16 1.2 23 2.5 16
beam currents 9] 0.2 0.2 0.3 0.2
L -
orbit-drift %] 0.2 oN 0.2 0 cUr Phys. J C 81(2027) 800
VaM fit & consistency [96)] 0.6 0.3 1] 0.5 | -
First CMS luminosity paper
length scale %] 0.2 0.3 0.3 0.2 | -
N o First Run 2 luminosity paper
beam positions 9% 0.8 0.5
heam-beam effects o Matches LHCb Run 1 record of 1.2%
%) 0.5 0.5 Drecision
factorisation bias 9% 0.5 0.5 0.8 2.0 Key systemnatic sources
inearity 0] 05 0.3 15 17 = challenges for final 201/-2018
stability % 06 05 05 06 uminosity

* preliminary
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CMittance Scans
Any other methods for integration?

» Emittance scans as powerful tool for LHC diagnostics

4+ Short VdM scans at start and (often) at end of physic fill in 2017 & 2018 at CMS

4+ Monitor changes Iin detector efficiency and improve umderstaﬂqu of luminosity measurement durmg the year

*  Each luminometer Is iIndependently calibrated

*  Ratios of luminometers used as a final vahdahom
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SUMMary

LUMINOSITY IS 8 measure of the collision rate

4+ A precise luminosity measurement is crucial for cross section measurements

At CMS, the precise luminosity measurement is calibrated with the Van der Meer method using beam-

separation scans, and integrated over time and pileup
4+ Many sources of systematic effects studied In detalls to achieve a high precision

The CMS luminosity measurement for the 2016 data with a precision of 1.2% in the most precise Run 2

result to date

Improved luminosity measurement with proton-proton collision for 2017-2018 data soon!

Results for other datasets avallable g More in Krisztian Farkas's poster
More In Nimmitha
+ Pbpb, elc. .. Karunarathna's poster
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Additional Material =
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4266 13 Aug. 2015 30 0) 1917 0.6 2.7 6 4 3
4945 13 May 2016 32 0) 1917 0.6 2.5 — — 2
4954 13 May 2016 32 0 1917 0.6 2.5 6 4 2
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Luminometers: Pixel Cluster Countinc
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Calibration: Orbit Drift
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Linear interpolation to correct nominal positions during VdM scans
Impact on sigma_vis from DOROS/ARC average: +0.2% up to 1.0%
Jncertainty from DOROS/ARC difference: 0.2% (2015), 0.1% (2016)
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Calibration: Beam-beam effects

Coherent deflection of beams away from Incoherent deflection at per-particle level impacts proton
each other due to electric repulsion distributions
4+ calculated analytically 4 dynamic evolution of beta star -> changes measured luminosity
4 impact on sigma_vis: +2.0% (2015), +1.6% 4+ calculated numerically with dedicated particle tracking simulation
(2076) | . .
4+ Impact on sigma_vis: -1.7% (2015), -1.4% (2016)
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Evaluate beam positions after all known effects were taken
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Good consistency of sigma_vis measured for different bunch

CrossiNgs and scan pairs

Calibration uncertainty dominated by residual beam movement

bration: Visible cross section

Source 2015 (%) 2016 (%) Corr
Normalization uncertainty

Bunch population

Ghost and satellite charge 0.1 0.1 Yes
Beam current normalization 0.2 0.2 Yes
Beam position monitoring

Orbit drift 0.2 0.1 No
Residual differences 0.8 0.5 Yes
Beam overlap description

Beam-beam effects 0.5 0.5 Yes
Length scale calibration 0.2 0.3 Yes
Transverse factorizability 0.5 0.5 Yes
Result consistency

Other variations 1n ovyis 0.6 0.3 No
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Stability & Linearity
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ETficiency Scans

Emittance scans at the beginning and at the end of LHC fills were used to monitor the stability of the
luminometers over time.

Efficiency Is defined as the change of the calibration constant measured In emittance scans with respect
to the Van der Meer (VdM) calibratioon.

The plot shows all 2017 pp data and 2018 pp data for 1.20 _HFET Figure of Merit (Efficiency) ‘
HFET (forward hadron calorimeter (HF), transverse emit. scans fit @ CMS Preliminary 2018
energy (ET) counting algorithm for luminosity) s Mealageing] e S
4+ Due to iImproved beam quality and more consistent filling =
schemes during operation in 2018 spread between the o M0rmy
pOINts Is minimized (in 2017 filling scheme was changed g Iy ik
couple of times). S 105 AR
4+ The 3% step-like change in the efficiency is detector 9 REEE 1B BRI o TR e
performance change after the extended end of year é 100~ f“-“?”-wf ~~~~~ | P e v S
technical stop (YETS). - ; % |
The observed slope Is due to a radiation damage of the 0.95 F [VOMLT}-r o 2017;18”""@ """""
detector. The slope measured from emittance scans , ‘ _
(orange line) is slightly steeper than it was predicted in the 0.90 - = " ™ =3 10
HCAL aging model (red line). Integrated Lumi [1/fb]
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