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Introduction

Bearn Radation natrumentation and Lurminosity

Luminosity
e connects theory and experiment
)=0

< Ntotal process —int

e is amongst the leading sources of
experimental uncertainties in SM precision
measurements

It is measured using benchmark physics
processes like Bhabha-scattering in lepton
colliders, but hadron colliders pose many
challenges due to the non-trivial PDFs
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Detectors

Beam Radation ratrumentation and Lurinosity

Multiple independent systems (luminometers) are utilized for best accuracy

Pixel Cluster Counting (PCC) Drift Tubes (DT)

Independently . On all except the first barrel layer | L1 trigger primitives/objects
Cross-calibrated .
calibrated + veto list of modules

Online  BCM1F*, HF*, PLT | DT, RAMSES (Run3) Hadron Forward Calorimeter (HF)

n-rings 31 & 32
Two algorithms:

- Occupancy based (HFOC)
. - XE_(HFET)

Offline PCC RAMSES (Run2)

RAMSES

2 RAdiation Monitoring
A System for the

: ' Environment Safety

Pixel Luminosity Telescope (PLT),

Beam Condition Monitor (BCM1F)
Luminosity + beam induced background
BCM1F has multiple backends



An overview of the lumi measurement

% The hit rate (or deposited energy) is directly
proportional to the instantaneous luminosity.
The coefficient is the calibration constant of
the detector: o

R(t) — Ovis Linst (t)
% Deposited transverse energy for HFET
% Actual counting for PCC, DT, RAMSES % Potential effects:

% Occupancy measurement via zero counting > Spillover of signal
(PLT, BCM1F*, HFOC)

po= —In(F)

> Background due to activation
> Stability of the detectors

> Linearity of measurement
> Zero starvation



The van der Meer method

CMS Preliminary 2022 (13.6 TeV)
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< Normalize the rates with the beam . @ y
currents (N.N,) provided by LHC . & L
Head 4

beam instrumentation

% Fit a Gaussian-like function on the
scan profile and extract
the peak (R,/N,N,)

Residuals [0}, Normalize¢\rate [a.u.]
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The van der Meer method

Beam Radation ratrumentation and Lurinosity

. . Fill 8999 (2023, 13.6 TeV)
Difficulties: 3350 . : : , .

_— CMSPre//mmary ,,,,,,,, ot ;:fjji‘; O i
% Background of detectors 58 LR
.:. Accuracy Of bUﬂCh proton Count 3320 ks " RECNEE SRS U S
measurement e b e e
< Accuracy of beam position S
>  Orbit drifts ol
>  Beam.beam deflection R ! T O =
~  Length scale R o e o S
% Factorizibility of beam overlap shape TV T Tz Az v vae vaes vae

Scans
(a leading source of uncertainty) s | __PbPb 2015 (5.02 TeV)
: . CMS Prelimina | O0,.= 646.09+0.98 (stat
% Bunch shape distortion due to FIAELY | G an s 098 i)
beam-beam EM forces
648 S el e o i o 0 A s M e -
L
B 7 L R T B S N ST i .
a
TR E' 646
0.0030 y QW 5 — o
% 00025 ﬂtlA’\‘\“\ R 1
%o‘oozo ,"-""‘t ) 645 ! ‘ i
E— 0.0015 “"“A\'A‘
ooy
eé 0.0016 ///;’l’ ”II" '."V&‘\\\\\ 44 L mnimnsandangeias e wngs 4
B RS ; ; .
‘ n == = o i vam1 vam2 VM3
Yseparat?on [mm(])' 0a 0.4 1\‘5@?’&



Length scale calibration (LSC)

K/ X/ K/
L X X I X4

Neither the nominal nor the BPM measured

beam positions correspond to real values
accurately

The tracker position is considered as reference

The relationship is linear ¢,y = OTyominal
Two special scans used for LSC

> Constant separation LS scan
Average LS for B1&B2

> Variable separation LS scan
Separate LS for B1&B2

CMS preliminary ___ PbPb 2015 (5.02 TeV)
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Beam position systematics

Beam Radation ratrumentation and Lurinosity

Lﬂpmgxiiigmtion from nominal position during the vdM scan program o e
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Beam position systematics

Beam Radation ratrumentation and Lurinosity

Deviation from nominal position

during the vdM scan program
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Contributes:
«  Orbit drift
% Beam-beam deflection (partial effect from Bassetti-Erskine formula)
% Residual effects < clear difference based on scan direction:
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Non-factorisation

Beam Radation ratrumentation and Lurinosity

Multiple methods used:

% 2D scans Lo
e Fits the bunch overlap shape directly

e Using complementary scans for off-axis sampling "
e All BCIDs are used
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Non-factorisation

Beam Radation ratrumentation and Lurinosity

Normalized rate, scan X
CMS Preliminary Fill 8999, (2023, 13 TeV)
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Consistency, stability

Beam Radation ratrumentation and Lurinosity

Fill 8999 (2023, 13.6 TeV)
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Z counting
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0 CMS Preliminary PbPb 2015 (5.02 TeV) - CMS Preliminary PbPb 2018 (5.02 TeV)
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Random orbit drift 0.5 0.1 No
Q. Systematic orbit drift 0.2 0.2 Yes
L Beam overlap description
Length scale calibration 0.5 0.5 Yes FoFn 508 (08 Tl
p ; .02 Te
Beam-beam effects 0.2 0.3 Yes 800 — ( )
) TR s CMS Preliminary Mean: 1.007
o« Transverse factorizability | 1.1 | |1.1 | No O: 0.004
._9 Result consistency 700
Cross-detector consistency 2.5 0.4 No
Scan-to-scan variation — 0.5 No '”: o
Z Statistical uncertainty 0.2 0.1 No = <00
Integration uncertainty a
Detector performance § i
Cross-detector stability 0.7 0.8 No =
Crossde | T s
Noncolliding bunches ® 300
v onvin o
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Total normalization uncertainty 2.9 1.5 - 200
Total integration uncertainty 0.7 0.8
= ¢ - 100
Total uncertainty 3.0 1.7
Recorded Uncertainty Total 0585 0990 0895 1000 1.005 1.010 1015 1.020 1025
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New for ICHEP

Proton-proton luminosity calibration results

2\( D2 pp136TeV

Source Uncertainty (%)

Calibration

Beam current 0.20

Ghosts & satellites 0.10

Orbit drift 0.02

Residual beam positions 0.16

Beam-beam effects 0.34

Length scale 0.20

Factorization bias 0.67

Scan-to-scan variation 0.28

Bunch-to-bunch variation 0.06

Cross-detector consistency 0.16

Integration

Cross-detector stability 0.71

Cross-detector linearity 0.59

Calibration 0.89 o o
Integration 092| Similar uncertainties
Total 128 inint. & cal.

2015 | 1.6%
Published paper

2016 | 1.2%

o .
2017 | 2.3% prelim Paper in
2018 | 25% | prelim | Preparation
2022 | 1.4% prelim Paper in future
2023 | 1.28% | prelim Paper in future
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Emittance scans

Luminometers are intrinsically
corrected for all linearity affecting
effects

< Emittance scans are treated like
mini vdM calibrations
’0

% Linearity and efficiency corrections

CMS Preliminary 2018, Fill 7139, vs=13 TeV
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Stacked integrated luminosity [fb~']

Linearity
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Length scale calibration (LSC)

% Neither the nominal nor the BPM measured beam At
positions correspond to real values accurately.
% The tracker position is considered as reference
% The relationship is linear Tirue = QT nominal
% Two special scans used for LSC
> (Constant separation LS scan
m Average LS for B1&B2 .
> Variable separation LS scan = ox =

® beam 1
® beam 2
X beamspot

xT

m Separate LS for B1&B2

Fill 8999 (2023, 13.6 TeV)
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Beam-Beam effects
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Non-factorisation

Beam Radation nstrumentation and Lurinosity
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