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How to measure lumi?
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⟨ℒb⟩ =
⟨μinel⟩fr

σinel
=

⟨μvis⟩fr
σvis

μvis = εμ
σvis = εσmean bunch luminosity with

= LHC revolution frequency (11245 Hz) 
= total inelastic pp cross-section 
= number of inelastic pp collision per bunch crossing  
= acceptance x efficiency of luminosity detector  
= visible collision per bunch crossing 
= effective cross section

fr
σinel

μinel

ε
μvis
σvis

relative luminosity measurement 

absolute luminosity measurement 
determined from dedicated 
measurements using the Van der 
Meer scan (Run 1-2) or Beam 
Gas Imaging (Run1)methods

consists in counting interactions, 
the specific observable depends 
on counter 



Absolute luminosity
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• Van der Meer (VdM) scans performed once per year and per energy in dedicated LHC fills  
• beams separated on the transverse plane in steps Δx and Δy 
• µ measured per step per counter 
• assuming XY factorizability, the visible cross-section per counter is given by

  18

Van der Meer scan

X-Y non-factorizability can give ~1% bias, not easily visible (except with BGI):
- from luminous region fits
- “offset” and “diagonal” scans

σ=
∫μ(Δ x , y0)d Δ x⋅∫μ(x0 ,Δ y )d Δ y

μ(x0 , y0)N 1 N2

μ in one bunch crossing in X, Y scan

μ(Δx, y
0
) μ(x

0
, Δy) 25(45) kHz rate of 

“lumi”- events in 
Run I (II)

σvis =
∫ μ(Δx, y0)dΔx ⋅ ∫ μ(x0, Δy)dΔy

μ(x0, y0)N1N2

with N1,2 the number of particles in the 2 
bunches, determined with a combination 
of LHC measurements

Eur. Phys. J. C (2021) 81:26 

14/03/2022

https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-08837-y.pdf
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Cross-section ~ integral over X-Y beam separation plane. 
Standard vdM: along X, Y axes, assuming factorization : μ(∆x, ∆y) =  μ(∆x, 0) μ(0, ∆y) / μ(0, 0). 
Factorization cross-checks up to now: diagonal scans and scans along x=const or y=const lines.

Full two-dimensional scans are expensive (too many points). In Nov’17 LHCb scanned central region 
giving maximal contribution to the integral.

 contribution to 
cross-section

First ever quasi two-dimensional scan, Nov’17

 4Elena Dall’Occo

• in Run 2 already used 2D VdM scan for the central region, to reduce systematic related 
to factorizability assumption 
‣ will become default in Run3  

• in Run 3 > number of pp interactions wrt Run 1-2: need to verify linearity of counters 
from typical VdM µ<1 to µ~5 during physics 
‣ introduce emittance scans at the beginning of each fill = mini VdM scan (only 

central region) at ~physics conditions

RUN 3

2D VdM scan in the region 
mostly contributing to the 
integral

Absolute luminosity

14/03/2022



 5Elena Dall’Occo

• in Run 2 already used 2D VdM scan for the central region, to reduce systematic related 
to factorizability assumption 
‣ will become default in Run3  

• in Run 3 > number of pp interactions wrt Run 1-2: need to verify linearity of counters 
from typical VdM µ<1 to µ~5 during physics 
‣ introduce emittance scans at the beginning of each fill = mini VdM scan (only 

central region) at ~physics conditions

RUN 3

code to automatise analysis of emittance scans being developed

J. Ellbracht

WORK IN PROGRESS

Absolute luminosity

14/03/2022



Relative luminosity 
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Possible methods: 
• linear 
• log0  

‣ µ is calculated from the fraction of empty events (e.g. # VELO tracks < 2 or # of 
vertices =0) assuming Poisson statistics  

‣ reduces possible non-linearities and instabilities in lumi counters   
• Probability Generating Functions (PGF)

μ ∝ log
∑ zNj

n
with n the number of events and z can be 
tuned to suppress busy events (link)

μ = − log P(0) = − log
Ntrig

0

Ntrig

RUN 1-2: log0 method since µ~1 

RUN 3: given the 5x µ, it is difficult to say what will be the most accurate method 
between log0 (with higher trigger rate than previous runs) and PGF

14/03/2022



Counters
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# SPD hits (L0) 

CaloET (L0) # muon 
candidates (L0)

# PU hits (L0)

# of tracks (HLT) 
# of vertices (HLT)

• main characteristics of counters: linearity (response vs µ) and stability (efficiency vs time) 
‣ calibration of the individual detectors fundamental: eg for VELO IV scans, CCE scans, 

HV tuning… 
• any dependence on pile-up, LHC filling scheme, bunch spacing… needs to be 

evaluated and either corrected for or source of systematics 
• high level quantities (e.g. tracks) are usually cleaner than low level ones ( e.g. hits) 

RUN 1-2

14/03/2022



Counters
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RUN 3

PLUME: the first dedicated lumi counter of LHCb!  

mainly motivated by online purposes 
• luminosity should be provided to the LHC every 

few seconds (~3s) 
• it should be measured with a precision of order 

10% 
• it should be provided at all times even if LHCb is 

not taking data or is off 
• LHC requires a luminosity measurement per bunch 

detector fully installed  
• hodoscope of 2x24 counters  
• each counter consists of a PMT and a quartz tablet 
• it measures the rate of coincidences between the 

2 layers 
• background rate from eb, be, (ee) is subtracted 

during online operation

PLUME

5

• Installation: COMPLETE! 

ї Final alignment to be done before cavern 
closure.

• Monitoring (LED monitoring system to adjust the 
PMTs HV with ageing): 

ї LED-to-PMTs quartz fibers installed and 
successfully tested on main 48 PMTs.

ї TODO:
о Test PIN (check constant light from LED).

о Set up and test loop fibers to monitoring 
PMTs (check fibers ageing).

Chiara Lucarelli,  103rd LHCb week, 03/03/2022
14/03/2022



Figure 1.2: Schematic view of the LHCb upgrade detector. To be compared with Fig. 1.1. UT =
Upstream Tracker. SciFi Tracker = Scintillating Fibre Tracker.

tracking subsystems, the Tracker Turicensis (TT) and the T-stations, located just before
and just after the LHCb dipole magnet. These subsystems and their projected upgrade
performance are the focus of this TDR. The four TT planes will be replaced by new high
granularity silicon micro-strip planes with an improved coverage of the LHCb acceptance.
The new system is called the Upstream Tracker (UT) and is the subject of Chap. 2. The
current downstream tracker (T-stations) is composed of two detector technologies: a
silicon micro-strip Inner Tracker (IT) in the high ⌘ region and a straw drift tube Outer
Tracker (OT) in the low ⌘ region. The three OT/IT tracking stations will be replaced
with a Scintillating Fibre Tracker (SFT), composed of 2.5m long fibres read out by silicon
photo-multipliers (SiPMs) outside the acceptance. The SFT is discussed in detail in
Chap. 3. The performance of the UT and SFT detectors, as far as the individual detection
planes are concerned, are addressed separately in their respective chapters, where also the
cost, schedule and task sharing of these subsystems are presented. The charged particle
tracking is an essential physics tool of the LHCb experiment. It must provide the basic
track reconstruction, leading to a precise measurement of the charged particle momenta
in the extreme environment of the LHCb upgrade over its entire lifetime. Therefore, the
projected performance of the complete LHCb upgrade tracking system, which involves

3

ECal multiplicity  (# cells with E > threshold) 
ECal/HCal total energy deposited  
possibility of a counter per FE board (~200)

# of hits or muon track segments 
in more interesting regions (M2R2, 
M2R3, M3R2, M3R3 + split in 4 
quadrants )

# of vertices 
# of vertices in fiducial volume  
# of tracks 
# of tracks in fiducial volume 
# of tracks in different eta bins 
# of clusters  
# of clusters in outer sensors 

# hits in each detector 
# of hits in low occupancy regions

# of clusters 
# of clusters in low occupancy regions  
# of SciFi track segments  

Counters

 9Elena Dall’Occo

RUN 3
proposals from subdetectors experts 

VELO

SciFi

ECal & HCal
Muon

RICH1 & RICH2

14/03/2022



Counters
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Total #tracks per event

• fiducial volume: track origin vertex in |z | < 300 mm and r < 4 mm

• linear dependence of total number of tracks on ⌫

• reconstruction e�ciency decreases with ⌫

• practically no empty events wrt. total number of tracks

WARWICK Anja Beck Velo-based lumi-counters 11/03/22 2 / 8

#vertices per event

• #vertices scales linearly with ⌫

• e�ciency decreases for ⌫ (more di�cult to separate) and increases for z with a plateau at large z

• practically no events without reconstructed PVs

WARWICK Anja Beck Velo-based lumi-counters 11/03/22 7 / 8

LINEARITY TEST: COUNTERS VS ,

10

Sum over FEBs

Diamond Signal

4

‣ current linear  

‣ background level measured during 
beam stops 

‣ BCM-U signal ~4* BCM-D

Holger Stevens | 11.March.2022 | LumiCounter 
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• Proposed counter: number of clusters  

• Scales ~linear with luminosity 

• Stable cluster efficiency ~ 97%
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• Proposed counter: SciFit track segments 

• Distribution gets wide with long tails for high  

• Ghost fraction: 2% ( =7.6) -> 72% ( =35.8) 

• Hit efficiency ~ 95%
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Max nTracks

WORK IN PROGRESS

VELO - A. Beck
SciFi - P. D’Argent

BCM - H.Stevens

ECal - C. Mancuso

14/03/2022

for more details see the 
lumi counter meeting

https://indico.cern.ch/event/1132315/
https://indico.cern.ch/event/1132315/


to exploit the advantages of the log0 method despite 5xµ:  
• counters from regions with low occupancy  
‣ these regions are typically less affected by radiation damage and hence the response 

is more stable in time/less calibrations needed  
• high granularity 
‣ with the advantage of monitoring performances in different region independently and 

in the long-term

#tracks per event in bins of ⌘
All reconstructed tracks

⌘ < �4
�4 < ⌘ < �3
�3 < ⌘ < �2
�2 < ⌘ < 2
2 < ⌘ < 3
3 < ⌘ < 4
4 < ⌘ < 5

5 < ⌘

• linear dependence of #tracks on ⌫ for all ⌘ bins

• constant #tracks over z for 2 < ⌘ < 5

• increasing #tracks over z for ⌘ < 2

) large ✓ ) few tracks from z < 0 have three hits

• decreasing #tracks over z for 5 < ⌘
) small ✓ ) many tracks from z < 0 have three hits

WARWICK Anja Beck Velo-based lumi-counters 11/03/22 4 / 8
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Counters
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SAMPLES ! = 7.6 - ECAL

5

Considering 
the FEBs 
separately

Results

• The mean 
values of these 
distributions are 
shown;

9

WORK IN PROGRESS

VELO - A. Beck

ECal - C. Mancuso SciFi - P. D’Argent

Muons - D. Pinci

VELO clusters - D. Passaro



Counters

 12Elena Dall’Occo

Some physics channels are good candidates to monitor the integrated lumi!

• number of Z→µµ candidates can be used as counter 
• ratio N(Z→µµ)/N(other counter) in relatively short time (a few hours?) to monitor relative drifts 
• can not be calibrated directly in VdM (one step takes 10s only), but could be cross-

calibrated wrt any other counter 
• triggered in standard physics stream: 
‣ more affected by biases (for ex: dependence of µ reconstruction efficiency on pile-up) 
‣ but will have very different systematics 
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Figure 32: The measured Z cross section results in di↵erent LHC Fills, using 2016 data-set. (top)
is comparison of the Fill numbers used for the Z cross section measurement (blue points), and
the Fill numbers excluded in this analysis (red points). (middle) is the measured Z cross section
as a function of Fill numbers. (bottom) is the measured Z cross section as a function of Run
numbers.

47

fills deviating >3σ from the average

WORK IN PROGRESS

X. Zhu talk

14/03/2022

https://indico.cern.ch/event/1103339/contributions/4741502/attachments/2393655/4092345/lumi.pdf


Counters
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why do we need so many counters?  
having many observables and as different as possible from each other is crucial to 
• cross-check their stability in time  
• to correct for various efficiency dependences and/or assign systematics

Additional advantages for detectors: 
• excellent measure of the performance of the detector 
• long-term stability control 
• absolute comparison of performance across all years, guaranteed by Van der Meer scans

RUN 3: we plan to have online monitoring comparing the various countersExample from Run 2

Run 1,2 lumi-counters:
Velo N tracks and N vertices (best)
L0: N hits in Velo PU, N hits in SPD, CaloEt (used online), N muons

After "stabilization" by logZero and
correction for efficiency dependence
on z(IP), the ratio

µ(N Tracks � 2)
µ(N VX � 1)

has the best accuracy at LHC
(ATLAS/CMS suffer from high µ).
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RMS of lumi-weighted histogram µ(N Tracks�2)
µ(N VX�1) across all good 13 TeV runs is 0.08% !

Vladik BalaguraLLR, CNRS, École Polytechnique, Institut Polytechnique de ParisOffline luminosity, selection of lumi-counters for Run 3 16 Feb 2021 5 / 6

RMS = 0.08%



Online vs Offline 

 14Elena Dall’Occo
Lumi WG, Online lumi, 16/02/2021 F. Alessio, CERN

Using Online luminosity in operations

2

Online luminosity monitoring is used in LHCb to control our running conditions
� Based on a target value of mu or luminosity
� Based on real-time beam parameters and LHCb data taking conditions

PLUME

HLT

(LumiTracker)

DIM + WinCC 
dp struct

Lumi Leveling 
Application LHC

Offline data 
reporting

Lumi sources domain
Central operations domain
LHC domain

Provide quantities Use quantities to drive operations LHC interfaces

LHCb

RMS

Offline luminosity  
• needed for physics analyses  
• most stable counter (Run 1,2 VELO tracks 

for pp) used for lumi determination, the rest 
for cross-checks, corrections and 
systematics   

• required precision: best possible (for pp 
reached ≤2%, for PbPb ~4%) 

• measured per bunch

Online luminosity  
• needed for lumi levelling, reporting of 

quantities to both LHC and LHCb (center and 
width of luminous region, beam shapes, integrated 
delivered/recorded lumi…), monitoring  

• hierarchy of counters: the first one provides 
µ, the rest for monitoring (Run1,2 L0 CaloET, 

Run 3 PLUME) 
• required precision: <10% 
• in Run 3 per bunch lumi

F. Alessio

14/03/2022
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Online luminosity  
• needed for lumi levelling, reporting of 

quantities to both LHC and LHCb (center and 
width of luminous region, beam shapes, integrated 
delivered/recorded lumi…), monitoring  

• hierarchy of counters: the first one provides 
µ, the rest for monitoring (Run1,2 L0 CaloET, 

Run 3 PLUME) 
• required precision: <10% 
• in Run 3 per bunch lumi

Offline luminosity  
• needed for physics analyses  
• most stable counter (Run 1,2 VELO tracks 

for pp) used for lumi determination, the rest 
for cross-checks, corrections and 
systematics   

• required precision: best possible (for pp 
reached ≤2%, for PbPb ~4%) 

• measured per bunch

Counters via ECS 
To cross-check and as back-up for 
PLUME 
• VELO FPGA clusters: per bunch 
• muon hits (luMUONmeter): maybe 

can “sync” with bunches 
• RICH currents 
• BCM current

Counters via HLT 
For offline analysis and online 
monitoring 
• randomly triggered crossings 
• 30 kHz rate  
• background subtracted from ee, 

be, eb crossings 

Online vs Offline 

14/03/2022



Plan
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• first VdM scan expected in September 

before the VdM scan:  
• emittance scan as early as possible to calibrate PLUME and any detector already 

commissioned (likely ECal, HCal, Muons) 
‣ trigger in passthrough mode  
‣ code for absolute calibration in preparation by the PLUME team  
‣ monitoring jobs need to be setup  

• put in operation levelling application 
• add inputs from other detectors as soon as commissioned 
‣ cross-calibrated with PLUME or with following emittance scans 
‣ HLT1 lumi line currently in preparation (see S. Xian talk) 

after VdM scan: at least 3 months needed to perform the analysis aiming at 5% uncertainty 
• input from LHC should be the same  
• but our detectors are new: stability and efficiency dependences need to be determined, 

corrections applied and systematics calculated 

14/03/2022

https://indico.cern.ch/event/1119747/contributions/4701961/attachments/2398012/4100523/UpdateOnLuminosity2022Feb25.pdf


Data flow

 17Elena Dall’Occo

30 kHz random trigger 
shared as 70:15:10:5 in 
bb:be:eb:ee

nano-events only 
contain lumi counters 

Run 1: lumi and uncertainty stored in lumi tuple 
Run 2: lumi per run available in a .csv file from the twiki (it’s responsibility of the 
user to check if all the data were processed) 
Run 3: have a tool (outside DaVinci) to compute lumi based on measurements 
per run and actual files processed  
‣ implementation still to be defined 

WORK IN PROGRESS

14/03/2022



Summary

 18Elena Dall’Occo

• several changes expected in Run 3, due to the different running conditions and 
especially a new detector  

• both online and offline luminosity require absolute calibration 
• at the moment this is foreseen to be determined with VdM scan in September 

(several months for the processing of data needed after that) 
• prior to VdM scan, emittance scans 

• first emittance scan to be performed as soon as possible to calibrate PLUME and 
any detector already commissioned (likely ECal, HCal, Muons) 
• other detectors will be cross-calibrated with PLUME afterwards (or with following 

emittance scans) 

a lot of activities ongoing in preparation for Run 3!

14/03/2022



Back up

 19Elena Dall’Occo16/06/2021



Beam Gas Imaging 
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• Beam Gas Imaging (BGI) unique to LHCb thanks to SMOG 
• alternative method for absolute calibration by recording beam images with beam-gas 

interactions 
• (partly) different systematics than VdM: combining the 2 methods reduces the 

uncertainty on the cross-section 
• used in Run 1, since then no sufficient person power: for Run 3 no one available yet 

��� .FBTVSFNFOU PG CFBN QBSBNFUFST

'JH� ����� 4FMFDUFE z�SFHJPOT VTFE GPS HMPCBM ĕU� 5PQ QBOFM� MPOHJUVEJOBM EJTUSJCVUJPO PG TFMFDUFE CFBN�HBT
JOUFSBDUJPO WFSUJDFT GPS B DPMMJEJOH CVODI QBJS PWFS ��NJOVUFTXJUI CFBN� PO UIF MFę BOE CFBN� PO UIF SJHIU�
ćF TJOHMF CFBNT BSF TQMJU JO � z�SFHJPOT TUBSUJOH ��� NN BXBZ GSPN z = 0 UIF CPVOEBSJFT BSF JOEJDBUFE CZ
B WFSUJDBM EBTIFE MJOF� #PUUPN QBOFM� MPOHJUVEJOBM EJTUSJCVUJPO PG TFMFDUFE CFBN�CFBN JOUFSBDUJPOT SFRVJSJOH
BU MFBTU UXP GPSXBSE BOE UXP CBDLXBSE USBDLT UP FYDMVEF CFBN�HBT CBDLHSPVOE� ćF MVNJOPVT SFHJPO JT TQMJU
JO �� z TMJDFT JOEJDBUFE CZ WFSUJDBM EBTIFE MJOFT� ćF BTZNNFUSJDBM TIBQF PG UIF MVNJOPVT SFHJPO JT EVF UP UIF
SFEVDFE 7&-0 BDDFQUBODF PG CBDLXBSE USBDLT JO UIF OFHBUJWF z�SFHJPO�

'JH� ����� 3FDPOTUSVDUFE CFBN�HBT JOUFSBDUJPO WFSUJDFT WJFX JO � EJNFOTJPOT GPS ĕMM ���� BOE #$*% �����
0OMZ UIF ĕSTU ���� WFSUJDFT QFS CFBN BOE JO UIF MVNJOPVT SFHJPO BSF TIPXO�

��

luminous region

colliding bunch 
(beam 2)

colliding bunch 
(beam 1)



What contributes to offline precision?
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8 Summary and conclusion

Since some of the luminosity calibrations have been performed with both the VDM and
BGI method (pp cross-section at

p
s = 8TeV and

p
s = 7TeV), the best result is obtained

by computing an average of the two methods, taking into account the correlation between
the systematic error sources. A summary of the final reference cross-section results is
presented in Table 15.

The BGI and VDM calibrations of the visible pp cross-section at
p
s = 8TeV achieve

very similar precision. Therefore, for simplicity the two results are combined with equal
weights; the correlated components of the uncertainties are averaged linearly and the
others are averaged in quadrature. The di↵erent sources of uncertainty are compared in
Table 14, indicating also whether they are correlated or not. The result of the combination
is given in Table 15. If the uncertainty on the propagation to physics data (0.31%, see
Sec. 4) is included, the total uncertainty on the luminosity is 1.16%. The latter uncertainty
is valid if the complete 2012 data set or a major part of it is used. In some cases, for small
partial sets, the uncertainty may be di↵erent.

Table 15: Results of the luminosity calibration measurements. The total uncertainty on the
luminosity calibration (last column) is the sum in quadrature of the absolute calibration uncer-
tainty (fourth column) and the relative calibration uncertainty (fifth column). The weights used
to obtain the average absolute calibration at 8 and 7TeV (pp) are given in the third column.
The part of the uncertainty that is correlated between VDM and BGI calibrations is shown in
parentheses (fourth column).

Method
Absolute calibration Relative calibration Total

�vis (mb) Weight Uncertainty uncertainty uncertainty

pp at
p
s = 8TeV

BGI 60.62± 0.87 0.50 1.43% (0.59%)
VDM 60.63± 0.89 0.50 1.47% (0.65%)
Average 60.62± 0.68 1.12% 0.31% 1.16%

pp at
p
s = 7TeV

BGI 63.00± 2.22 0.13 3.52% (1.00%)
VDM 60.01± 1.03 0.87 1.71% (1.00%)
Average 60.40± 0.99 1.63% 0.53% 1.71%

pp at
p
s = 2.76TeV

BGI 52.7 ± 1.2 2.20% 0.25% 2.21%

pPb at
p
sNN = 5TeV

VDM 2126± 49 2.05% 1.03% 2.29%

Pbp at
p
sNN = 5TeV

VDM 2120± 53 2.36% 0.82% 2.50%

88

• lumi uncertainty is the dominant in many cross-section measurements 

• lumi uncertainty mainly comes from the uncertainty on absolute calibration 
• 3 main sources to absolute calibration uncertainty: 
‣ X-Y non-factorizability 
‣ beam orbit drifts: monitored by Beam Position Monitors (BPMs) around LHC  
‣ beam-beam interaction (bunch deformations): model based corrections 

offline luminosity with σ = 2% for pp Run 2 at 13 and 5.02 TeV (only VdM scan) 
document in preparation

RU
N

 1
RU

N
 2

Eur. Phys. J. C (2021) 81:26 

https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-08837-y.pdf
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N12 determination
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• total beam intensities are determined 
from total beam currents (slowly) 
measured with high accuracy by LHC 
direct-current current-transformers 
(DCCT),  

• background (1-2%) in nominally empty 
LHC bunches or buckets is determined 
either with LHC equipment (BSRL) and/or 
with beam-gas interactions in LHCb and 
subtracted  

• charge fraction per bunch is measured 
with LHC fast transformers (FBCT) 

typical N1N2 uncertainty: ~0.2-0.3% 



Beam structure

 23Elena Dall’Occo16/06/2021

link to presentation

https://slidetodoc.com/the-lhc-machine-jrg-wenninger-cern-beams-department/


Online luminosity

 24Elena Dall’Occo16/06/2021

Lumi leveling  
• target value of µ set by LHCb  
• lumi leveling application requests adjustments when 

measured µ>|3|% from target  
• based on the info provided LHC tunes beams separation

Reporting  
• in real-time for monitoring 
• offline for analysis  
• quantities needed for both LHC and LHCb: 
‣ µ per bunch 
‣ integrated delivered and recorded lumi 
‣ center and width of luminous region (x,y,z) 
‣ beam shapes (x,y) for beam 1 and 2

What’s to be done for Run 3? 
• framework to provide luminosity is solid, only some 

adaptations needed 
‣ update to the new sources of µ 
‣ add monitoring 
‣ set-up a framework to generate automatically reports fill-by-fill

Lumi WG, Online lumi, 16/02/2021 F. Alessio, CERN 6

What else is to be provided?

More quantities are needed and requested both from LHCb and LHC
� Instantaneous luminosity / mu per bunch
� Integrated delivered and recorded luminosity
� Luminous region centroids (X,Y,Z)
� Luminous region sizes (X,Y,Z)
� Beam shapes for beam1 and beam2 (X,Y)

z Ʃ]

UP/DOWN changes

Lumi WG, Online lumi, 16/02/2021 F. Alessio, CERN 6

What else is to be provided?

More quantities are needed and requested both from LHCb and LHC
� Instantaneous luminosity / mu per bunch
� Integrated delivered and recorded luminosity
� Luminous region centroids (X,Y,Z)
� Luminous region sizes (X,Y,Z)
� Beam shapes for beam1 and beam2 (X,Y)

z Ʃ]

UP/DOWN changes



Efficiency correction

 25Elena Dall’Occo11/10/2021

z-dependence of �vis(N Velo tracks� 2) and �vis(N Vertex� 1)

. . . measured in vdM data from their ratio to z-independent SPD+CaloEt (from MC in Run 1).
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Efficiency parameterized by 7th-order polynomial in z convoluted with IP z-width (⇠ 4 � 5cm).
The convolution is most naturally performed using Gauss-Hermite quadrature as a linear
combination of polynomial values at the roots of Hermite polynomial (see eg. Wikipedia link). If
SPD+CaloEt were constant, the fit would reduce to a simple linear regression. Unfortunately, it
was not, so SPD+CaloEt normalization was left free (per year but common to Velo/Vertex) and
found by minimizing �2 on top of iterative linear regressions.

In Run 3 we need to foresee dedicated z-efficiency calibration scans.
V.Balagura Final luminosity values in Run 2 and great perspectives beyond LHCb week, 10 Sep 2020 4 / 27

efficiency correction

• efficiency of # of VELO tracks or vertices depends on z position of the 
luminous region
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Figure 8: The correlation of logZero µ0-values calculated with emptiness thresholds at zero or
one for various counters versus the corresponding PU value µ0(PU > 0) for the zero threshold.
Code: gg.psv.PbPb.nonlin[7435]

the points where z(IP ) can be measured. Since dx, dy are always available in vdM scan,177

such predicted values of z(IP ) are used when the statistics of vertices does not exceed 400178

even after combining all 35 bb-crossings.179

1.3.4 PU versus SPD180

The values of µ determined with the logZero method, µ0 = � log(N0/N)�0.5(1/N0�1/N),181

for PU and SPD counters measured at all vdM steps in the fill 7435 are shown in Fig. 11.182

Due to the beam crossing angle, the beam displacement in x changes the luminous region183

z-position and the PU and Velo e�ciencies. Therefore, Fig. 11 is split in two parts for the184

points nominally displaced in x from zero (top) or not (bottom). One can see the scatter185

of the points in the bottom plot is smaller. Fig. 11 also demonstrates a good linearity186

of both counters but, surprisingly, the slopes vary across the three leading bb-crossings.187

More details on that will be presented later.188

Fig. 12 shows that same plot zoomed at zero. One can see that the straight lines have189

non-zero o↵sets. As it will shown later (Fig. ??, will be added in the future), it appears190

due to SPD and can possibly be explained by not exact background subtraction in the191

formula bb � be � eb + ee. For improving accuracy, SPD is fit to PU using the linear192

regression of only the bottom plot in Fig. 11. The inverse squared errors of µ0(PU) are193

used as weights in the regression fit. The result predicted by the linear regression fit will194

be denoted as P1[µSPD
0 ! µPU

0 ]. The expression in the brackets and P1 remind that SPD195

is fit to PU using the first-order polynomial. In particular, after this transformation the196

obtained variable has the scale and the o↵set of PU. There are no signs of non-zero PU197

o↵set, so P1[µSPD
0 ! µPU

0 ] will be used instead of µ0(SPD) everywhere in the following198

as a reference for z-e�ciency determination.199
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• different conditions wrt pp interactions: 
‣ little activity in the detector (spectra dominated by EM interactions)  
‣ hard interactions with a vertex, significant ET in calo and many tracks are rare

choice of best lumi counter

cuts defining an empty event 
must be minimised

• in pp the best counters are VELO tracks and 
vertices  

• in PbPb: 
‣ stats too low to use vertices  
‣ n SPD hits depends on material activation 
‣ n VELO tracks non-linear (~2%) 
‣ n PU hits linear and high stats MAIN 

COUNTER

PbPb luminosity 


