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LHC Lumi Days 2019
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June 4-5, 2019 @ CERN 

Workshop Highlights 

l. Efthymiopoulos
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LumiDays 2019

• 93 participants, full 
auditorium 

• excellent presentations, 
lively discussions and 
debates 

• excellent work being 
done and presented for 
experiments & machine
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Thanks!

Succes
s!

https://indico.cern.ch/event/813285/
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LumiDays 2019

2011
Review the results of the first luminosity calibration measurements at the 
LHC and to stimulate a discussion on future measurements

Links to reference material !!

2012
Review the progress made in 2011 both in the determination of the LHC luminosity, and in 
successfully exploiting this increased accuracy in physics analysis

Links to reference material !!

2019
New edition of LHC LumiDays, dedicated to luminosity and 
emittance measurements during Run 2. 
Share work in progress & ideas across various working groups

2020(?)
Planning for Run 3 & HL-LHC 

June 4, 2019 https://indico.cern.ch/event/813285/ 3 !3
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Workshop Sessions
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• Overview presentations from machine & experiments

• Beam current & ghost charge measurement
• Orbit measurement & control 
• Orbit & hysteresis effects in vdM calibration

• Beam preparation in the injectors & beam optics for vdM fills 
• Non factorisation impact on luminosity calibration from experiments
• Beam-beam effects

• Long-term monitoring of delivered luminosity & calibration stability in the experiments
• Transverse & long beam emittance measurement and evolution in the cycle and at SB
• The luminosity model
• Combining the luminosity uncertainties from several data-sets

• conclusions for experiments & machine, follow-up, LumiDays 2020!

Luminosity-determination Methodology in Run 2

Impact of Accelerator Instrumentation to vdM Calibrations

Impact of Beam Dynamics on vdM Calibrations: Sources and Mitigation

Luminosity & Emittance in Physics

Summary
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Overview Run 2 operations & lumi
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M. Hostettler - BE/OP

• Full OP panoply available for Run 3 
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Luminosity scans (vdM, SB,…)

• Excellent performance of the automatic scan in 
vdM fills 

• Allows scanning in 2D, even with complicated 
algorithm 

• 2D scans can bring major improvement in the non-
factorization systematics of the lumi calibration  
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V. Balagura - LHCb
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Luminosity Measurement in LHC
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M. Gagliardi - ALICE 

V. Balagura - LHCb

M. Guthoff - CMS

R. Hawkings - ATLAS
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Luminosity Measurement in LHC

!7

R.Hawkings - ATLAS

M. Gagliardi - ALICE 

V. Balagura - LHCb

M. Guthoff - CMS

R. Hawkings - ATLAS
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Luminosity Measurement in LHC
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R.Hawkings - ATLAS

M. Gagliardi - ALICE 

V. Balagura - LHCb

M. Guthoff - CMS

Similar methodology for all experiments 
• similar sources of systematic errors, 
• exact values depend on detector technology used, and 
• data-analysis approach

R. Hawkings - ATLAS
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Luminosity Calibration - vdM scans

• I focus in the slides on  pp collisions. 
For the work done for PbPb and pPb 
please refer to the workshop indigo
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M. Gagliardi - ALICE

R. Hawkings - ATLAS
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Non-Factorisation effects in vdM Calibration
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M. Guthoff - CMS

M. Dyndal - ATLAS

V. Balagura - LHCb
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Beam Parameters for vdM Fills
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WS @ LHC 

H. Bartosick - BE/ABP

Beam Optics

• Beam parameters to review for 
Run 3 and HL-LHC also 
considering the experimental  
conditions (e.g. rates) and 
overall beam variations as well. 

H. Morales, R. Tomas - BE/ABP
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Orbit Drifts in vdM scans

• Excellent performance of the DOROS system in Run 2 
• Good performance for vdM fills too. However need to 

understand in detail the system performance in view of 
completing the analysis of Run 2 and  

• Understand the precision requirements projecting to 
Run 3 (feedback to BE/BI) 

• New PBMs could be included in the system!  
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W. Kozanecki - ATLAS

M. Gasior - BE/BI
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Orbit Drifts & Hysteresis in vdM scans
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W. Kozanecki - ATLAS

W. Kozanecki - ATLAS
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Charge calibration
• ?L
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M. Guthoff - CMS

M. Palm - BE/BI

R. Matev - LHCb

LHCb SMOG
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Beam-beam effects in vdM calibration
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• Simulation studies using variants of multi-paricle tracking 
codes (V. Balagura) and (COMBI) ongoing 

• Results generally agree, ×2, but details and uncertainties 
must be fully understood  

• Understanding the beam-beam corrections is a key 
ingredient for the vdM scan calibration and the emittance 
scans in SB corrections 

T. Pieloni - EPFL
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Emittance scans during SB fills
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early & late scans

O. Karacheban - CMS
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Lumi calibration stability
• The emittance scans provide additional cross-

check for the luminosity follow up and stability for 
the experiments, in particular for CMS 

• Having emittance scans in both IP1&IP5 are also 
important for the machine to understand and follow 
the beam emittance evolution without complicated 
assumptions 

• Should continue during Run 3, exact conditions still 
to define
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V. Lang - ATLASI. Efthymiopoulos, S. Papadopoulou - BE/ABP
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Emittance in SB

• The longitudinal profile is important ingredient in many 
luminosity studies and calculations 

• Unfortunately not sufficient data available to monitor its 
evolution in Run 2.  
• Corrections from few measurements applied through 

the years, with not always positive contribution! 
• Need to improve for Run 3 
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O. Karacheban - CMS

T. Argyropoulos, D. Dlugosz, H. Timko - BE/RF

T. Argyropoulos, D. Dlugosz, H. Timko - BE/RF
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Emittance in SB
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~22%~13%

I. Efthymiopoulos, S. Papadopoulou - BE/ABP
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Combining errors on Luminosity

• To combine the errors across years, the achieved 
accuracy / resolution and systematics of all instruments 
and measurements need to be documented  

• follow variations/modifications/improvements in 
years to apply in legacy luminosity analysis 

• per bunch dependence or fill type or global 
measurements
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R. Hawkings - ATLAS

R. Hawkings - ATLAS

M. Guthoff - CMS
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Conclusions - Roadmap
• Many systematic studies performed in all experiments, in collaboration with machine experts 

• Elaborated data-analysis in an effort to approach the 1% target on the lumi measurement 

• Key remaining topics for vdM calibration: 
• Impact of beam-beam corrections in the calibration 
• Scan-to-scan reproducibility 

• orbit drifts (extra BPMs in operation for Run 3), bunch charge per BX 
• Non-Factorisation  

• Evaluate the different fit methods proposed, compare, pros/cons of each within and among 
experiments for all vdM fills of Run 2 

• Finalise the beam-beam correction in the beam spot shape (CMS) 

• Future vdM program - Run 3 - first reflections 
• Important to devote sufficient time to perform vdM fills to probe and understand the underlying effects to 

achieve the 1% error goal!  
• Resolve choice of optics parameters: e.g. 19 or 17 m in beta*? 
• Prepare and evaluate the beam quality from the new injectors after LIU upgrade 
• Spend extra time in vdM fills to perform tests: e.g, optics measurements, different scan directions to probe 

hysteresis effects, scan beam parameters for verification of beam-beam parameters (say stronger regime 
compared to normal) or non-factorisation 

• Effort to improve the Massi file quality and possibly include beam spot (6D) info per bunch (if would be 
helpful for analyses)
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Summary 
• We had an excellent workshop, a good opportunity to present the work 

done in all experiments and the machine 

• The goal of 1% error on luminosity is challenging, not reached yet but with 
concentrated efforts may be not far!  

• With the excellent performance of LHC many physics measurements are 
no longer dominated by statistical but rather systematic uncertainties 

• Therefore the pressure to improve on the luminosity systematics would 
only increase, for Run 3 and even more for HL-LHC 

• Renewed the appointment for LumiDays 2020 to review the “final” Run 2 
off-line luminosity performance and plan for Run 3 and project for HL-LHC  
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