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Standard Model Production Cross Section Measurements Status: July 2021
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Luminosity in ATLAS

How 1s luminosity measured in ATLAS?

LHC Detectors measure a quantity proportional to luminosity

LUCID

Calorimeter measurements



Luminosity in ATLAS

LUCID

* luminosity proportional to number of hits per
bunch-crossing

 particle detection based on Cherenkov radiation

Calorimeter measurements

e per-bunch luminosity: yes

Calorimeter measurements

Track counting (TC) e LAr (ECAL and FCAL): luminosity proportional

to total 1onisation current
e Inner Detector: luminosity proportional to the

, e Tile calorimeter: luminosity proportional to
number of tracks per bunch-crossing Y P1Oop

current drawn by PMT

e per-bunch luminosity: yes but statistically limited e per-bunch luminosity: no, only bunch-integrated



Luminosity determination in 3 steps

Run 2 luminosity paper:
arX1v:2212.09379

Step 1 - Absolute luminosity calibration
van der Meer scans 1n special conditions
4
Step 2 - Calibration transfer
calibration transfer from vdM conditions to physics conditions
J
Step 3 - Long term stability

stability of the calibration over time


https://arxiv.org/abs/2212.09379

Step 1 - Absolute luminosity calibration



Absolute luminosity calibration

LUCID

measures W€ Know L = instantaneous luminosity
f. = revolution frequency at LHC = 11.245 kHz
J — /’tvisfr constant we W, = visible interaction rate of a given algorithms/[luminometer
Oyig need to find o,;. = visible pp cross section of that algorithm/luminometer

+

measure with LHC

Instrumentation we know
f n; = number of protons in the bunch of beam i
nn
l. = s 2, = convolved beam width in plane k
p) ]Z'szy from van der Meer analysis !!!
I
I
_ 27 ZXZy//tViS
0,5 =

nn, f,



What are van der Meer scans?

A van der Meer scan 1s a transverse scan of beams Rate < Different luminosity algorithms
through each other performed 1n special runs

Beam sep.

Special conditions: 1solated low intensity bunches,

low pileup, small number of bunches, no crossing Interaction rates are measured at different
angle separation of the beams



What are van der Meer

A van der Meer scan 1s a transverse scan of beams
through each other performed 1n special runs

Special conditions: 1solated low intensity bunches,
low pileup, small number of bunches, no crossing
angle

scans?

Real scan curve

ATL-DAPR-PUB-2023-001

| I | | | | I | I l | | | |

__l I | I | l I | I | | | _
= ATLAS Preliminary o Signal =
C Nov 2022 vdM, Scan | 1 Signal bkg. subt.
=~ LUCID Bi2HitOR A Noise =
- Bunch slot 103 Beam gas -
= OQ0Qg =
- O @ @ ~ =
B O 0O ]
= Q O —
E @ @) E
B _
= S o =
- S = .
_ O O -
E @g@AAAAAAAAAAAAAAAAAAAm2@ E
: i [ .
E_l |I:;:|ILEJI ] | | | | I ] ] ] | | | | I | | | I | | I[;jl I_E
-06 -04 -02 O 02 04 0.6
AX [mm]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/

How to calibrate the absolute luminosity?

Rates and beam-beam Rate < Different luminosity algorithms

separations need to be |

corrected for several | J

effects before extractinga |
precise o,

plot rate vs separation |

make a fit

U

extract 2, ¥, and y
vdM methodology assumes that |

VLS

max } ‘ '

the beams are factorisable in x | Y
and y plane: | 2% 2 e
O, = '
/’tvis(xa y) — /’tvis(x)//tvis(y) e nlnzﬁ,

Beam sep.
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van der Meer scans - corrections

* Non-factorisation correction

* Length Scale Calibration correction
 Beam-Beam corrections

* (Ghost and satellite charge corrections
* Background subtraction

e Orbit Drift Correction

* Emittance growth correction

Size of the correction in 2022

e Bunch current offset
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time

on-/off-axis scans

on-axis

off-axis

van der Meer scans - non-factorisation effects
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A hint of how big the non-factorisation effects are can be obtained by comparing
the off-axis scans with the on-axis scans
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/LUMI-2023-05/

Preliminary van der Meer scan uncertainty 2022

Dominant systematic uncertainties to the van der Meer analysis for 2022

Bunch-by-bunch consistency 0.5%
Differences between algorithms 0.4%
Other contributions < 0.4% 0.7%
Subtotal vdM calibration 1.5%

Non-factorisation 1s also the dominant systematic uncertainty!



Step 2 - Calibration transfer

14



Calibration transfer

van der Meer scan conditions physics conditions
o 1solated low intensity bunches o trains of high intensity bunches
: calibration transfer . .
o low pileup ﬁ O high pileup
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O no crossing angle O with crossing angle
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3

Calibration transfer

Track-counting 1s calibrated to LUCID luminosity during vdM quiet periods
Assumption: track-counting 1s perfectly linear from vdM conditions to high u physics regime
Long physics runs with large u range (~30-60) are used

LUCID 1s corrected for each run and each luminosity block (LB) in the run
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/

Calibration transfer uncertainty

Assumption: track-counting 1s perfectly linear from
vdM conditions to high u physics regime

Assumption cross-checked with calorimeter
measurements

Calibration transfer uncertainty: deviation from this
assumption

Very preliminary calibration transfer uncertainty for
2022: 1.50%

Example from Run 2
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Example of track-counting calorimeter check for Run 2
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https://arxiv.org/abs/2212.09379

Step 3 - Long term stability
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Long term stability uncertainty

e How stable 1s the luminosity calibration over different runs 1n a year?
Motivation

* Are the ratios between different algorithms/luminometers stable over time?

 Check how well the different calorimeter measurements agree with LUCID over the

How it is done different runs in the year

 Long term stability uncertainty: largest mean deviation over all independent luminometers

2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/

Data sample 2022
Uncertainty contributions [%]:

Statistical uncertainty 0.01
Fit model 0.24
Background subtraction 0.06
FBCT bunch-by-bunch fractions 0.01
Ghost-charge and satellite bunches  0.17
DCCT calibration 0.20
Orbit-drift correction 0.06
Beam position jitter <0.01
Non-factorisation effects 1.07
Beam-beam effects 0.35
Emittance damping correction 0.21
Length scale calibration 0.03
Inner detector length scale 0.24
Magnetic non-linearity 0.32
Bunch-by-bunch o5 consistency 0.50
Scan-to-scan reproducibility 0.27
Reference specific luminosity 0.43
Subtotal vdM calibration 1.45
Calibration transfer 1.50
Calibration anchoring 0.53
Long-term stability 0.41
Total uncertainty [ %] 2.19

Summary of the preliminary luminosity determination in 2022

Step 1 - Absolute luminosity calibration
1.5%
4
Step 2 - Calibration transfer
1.5%

\

Step 3 - Long term stability (and
calibration anchoring)

0.7%

J
Total

2.2%
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Outlook

ATLAS got 2D van der Meer scan!

ATLAS Preliminary . Signal, bkg. subt.
Nov 2022 vdM 2D Scan B Gaus.x 4th-order poly.
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2023 luminosity calibration ongoing!

1Improve non-factorisation
correction and uncertainty

Future:

switch from 1D vdM
analysis to 2D analysis?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/LUMI-2023-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/LUMI-2023-05/

e EPS talk about how accelerator physics impacts van der Meer calibrations: Witold Kozanecki’s talk (Wed 8:50)
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Questions?




