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Luminosity Measurements: method 1

➢ Precise determination of the integrated luminosity target uncertainty is of crucial importance for any 

physics cross section measurement. In a two beams collider 

𝑛b : number of colliding bunches, 𝑓 : revolution frequency in the collider ➞ known by the machine

N1, N2:  average number of particle per bunch,  𝐴eff : effective area of the luminous region ➞ to be

measured

➢ Dedicated detectors, luminometers, are used in combination 

to “van der Meer” scan method to determine N1, N2

and 𝐴eff . For example ATLAS
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Luminosity Measurements: method 2 at 𝒆+𝒆−

Experiments like KLOE, Babar, Belle, BES and, recently, Belle2 and BESIII, measure the integrated 

luminosity by counting the number of events, 𝑁, of a process whose cross-section is theoretically 

known with high precision, 𝜎th exploiting: 𝑁=𝐿∙𝜎th

The mostly used process: Bhabha scattering, 𝑒+𝑒− → 𝑒+𝑒− mainly in the forward region.
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ILC and CLIC have dedicated detector in the forward regions to reconstruct 𝑒+𝑒− pairs 
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Figure 1. Layout of the very forward region of ILD (left). Mechanical structure of the luminosity calorimeter

for ILD (right).

angle bias Dq = (3.2± 0.1)·10− 3 mrad [2]. Polar angle measurement bias, due to the clustering

algorithm [11], is defined as the central value of the difference between the reconstructed and the

true value of the polar angle. Non-zero values of the polar angle bias are induced by the non-linear

signal sharing of finite size pads with gaps between them. The contribution of each of these two

uncertainties to the relative uncertainty of luminosity measurement is 1.6·10− 4 [2]. In the ILD

version, the luminometer is positioned at 2.5 m from the IP, with the geometrical aperture between

31 mrad and 78 mrad. Inner and outer radius are 80 mm and 195.2 mm respectively. Since the

cross-section for Bhabha scattering is falling with the polar angle as 1/ q 3, the inner aperture of the

luminometer has to be known below permille [12] to keep the counting uncertainty below permille.

The constraint on relative lateral position of the IP with respect to the LumiCal is much less strict

because of the averaging over the azimuthal angle. An uncertainty of several hundred microns in

the relative lateral IP position induces an uncertainty of 10− 4 on the luminosity measurement [12].

With 30 radiation lengths of tungsten as the absorber, high energy electrons and pho-

tons deposit almost all of their energy in the detector. The relative energy resolution sE / E is

parametrized as:
sE

E
=

ares
√
Ebeam(GeV )

, (2.1)

where E and sE are, respectively, the central value and the standard deviation of the distribution

of the energy deposited in the sensors for a beam of electrons with energy Ebeam. The sampling

parameter ares is usually quoted as the energy resolution and it is estimated to be ares = (0.21±

0.02)
√
GeV [2] for electron showers located inside the FV of the luminometer. The detector FV,

where sE / E is practically constant over q , extends from 41 to 67 mrad.

3 Event simulation

3.1 Simulation of the signal influenced by the beam-induced effects

To simulate the influence of the beam-induced effects on signal, Guinea-Pig software 1.4.4 [13]

was used to simulate the collisions of bunches. At the point when the initial four-momenta of
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Table 2. Summary on systematic uncertainties in luminosity measurement at ILC, without1 or with2

simulation-dependent corrections.

Source of uncertainty DL/ L (500 GeV) DL/ L (1 TeV)

Bhabha cross-section sB 5.4·10− 4 5.4·10− 4

Polar angle resolution sq 1.6·10− 4 1.6·10− 4

Bias of polar angle Dq 1.6·10− 4 1.6·10− 4

IP lateral position uncertainty 1·10− 4 1·10− 4

Energy resolution ares 1.0·10− 4 1.0·10− 4

Energy scale 1.0·10− 3 1.0·10− 3

Beam polarization 1.9·10− 4 1.9·10− 4

Physics background B/S 2.2·10− 3 0.8·10− 3

Beamstrahlung + ISR1 − 1.1·10− 3 − 0.7·10− 3

Beamstrahlung + ISR2 0.4·10− 3 0.7·10− 3

EMD1 − 2.4·10− 3 − 1.1·10− 3

EMD2 0.5·10− 3 0.2·10− 3

(DL/ L)1 4.3·10− 3 2.3·10− 3

(DL/ L)2 2.6·10− 3 1.6·10− 3

5 Summary

Interaction of the colliding beams introduce sizeable bias of the order of 10 percent in luminos-

ity measurement at ILC energies. This dominantly comes from the asymmetric energy loss of

the initial state due to the beamstrahlung and ISR. Existing corrective techniques are simulation

dependent and the systematic uncertainty of luminosity measurement depends on the knowledge

of the beam parameters. Within the proposed selection, a method to correct for these effects in a

simulation independent manner and practically without sensitivity to the knowledge of the beam

parameters is presented in this paper. It is demonstrated that the systematic bias induced by the

beamstrahlung and ISR can be reduced by a factor of a hundred to the level of 1.1 permille or

better at ILC energies.

If simulation is used to correct the off-axis ISR contribution, the uncertainty due to the beam-

strahlung and the ISR effects drops below one permille. In addition, simulation dependent correc-

tions can be applied to reduce the already small effect (of order of a permille) of the electromagnetic

deflection of the final state. The overall residual uncertainty of luminosity measurement induced

by the beam-beam effects is in this case below permille.

Dominant source of uncertainty in luminosity measurement comes from the physics back-

ground taken as a full-size effect until reliable estimates of the cross-section for the four-fermion

production at ILC energies become available.

Taking into account all the sources of systematic uncertainty of luminosity measurement we

show that the luminosity can be measured at ILC in the peak region above 80% of the nominal

CM energy with the required precision of a few permille, even if one corrects for the dominant

systematic effects without using simulation-dependent information.

– 14 –

Physics background and 

beamstrhlung are among the 

dominant sources of systematic 

errors



Detector performance at a Muon Collider 

could be strongly limited by the rate of 

background particles arriving at each

subdetector due to muon decays.

Muon Collider: Beam-Induced Background  

Nozzles have been designed to 

mitigate the effect of a such 

background.
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At muon collider the two mentioned methods can not be used because of the detector configuration.



Luminosity measurement at Muon Collider 

Proposal: reconstruct  𝜇+ 𝜇−→𝜇+ 𝜇− events at large angle with respect to the beam line to obtain 

𝐿 =
𝑁

𝜎𝑡ℎ

Questions: 

1. do we have enough 𝜇-Bhabha events at large angle?

2. Is the precision of the theoretical cross section enough to measure 𝐿?

Plan:

a. Produce a sample of events 𝜇+ 𝜇−→𝜇+ 𝜇− at √𝑠=1.5TeV, √𝑠=3.0 TeV and √𝑠=10 TeV by using a 

tree-level Monte Carlo generator and study the reconstruction efficiency at large angle by using 

the full detector simulation and identify additional kinematical requirements that can help 

to obtain a more precise theoretical prediction.

b. Perform the same studies with Mu-BabaYaga event generator.

c. Evaluate the theoretical precision on the Bhabha cross section.

d. Determine the expected precision on the luminosity.
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Status of the activities: preparation of the dataset
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A sample of 𝜇+ 𝜇−→𝜇+ 𝜇− at √𝑠=1.5TeV has been produced with Pythia and analyzed at Monte 

Carlo level to understand how many events we have in the “central” region.



Status of the activities: first look at data

Transverse momentum of muons in the detector

acceptance
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Accepting all muons in the detector acceptance with Pt>130 GeV

θ angle of muons with respect to the z axis

in the detector acceptance



Status of the activities: first look at data

Δ𝜃 between the  muons in the detector acceptance
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Assuming a Snowmass year = 107seconds 

ℒ=1.25•1034 cm-2s-1

Total events:  2.3 M 

Analysis on the muons's pairs in the detector acceptance with Pt>130 GeV

Invariant mass of the  muons



Status of the activities: Identify “safe” detector regions

In order to avoid the crowded regions affected by beam-induced background muons 30𝑜 < 𝜃 < 150𝑜

are selected in addition to Pt>130 GeV
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Status of the activities count useful events

Muons with 30𝑜 < 𝜃 < 150 𝑜 are selected and Pt>130 GeV  
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Transverse momentum of muons in the detector

acceptance

Δ𝜃 between the  muons

Invariant mass of the  muons

Assuming a Snowmass year = 107seconds 

ℒ=1.25•1034 cm-2s-1

Total events:  213 K 
Δℒ

ℒ
~

1

𝑁
= 0.002
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Summary

➢ A method to measure the luminosity at Muon Collider is proposed based on 𝜇-Bhabha at 

large angle.

➢ By looking at the number of events produced by using Pythia it seems the number of events 

is enough to determine the luminosity with a reasonable precision (usually ~1%) at least at 

√𝑠=1.5TeV.

➢ The next steps:

▪ Re-do the exercise with the full detector simulation.

▪ Perform the same analysis at √𝑠 =3.0 TeV and √𝑠=10 TeV.

▪ Use mu-BabaYaga to generate 𝜇+ 𝜇−→𝜇+ 𝜇−  samples and identify the best kinematic cuts 

to select Bhabha events. 

▪ Determine the theoretical precision on the cross section at the different center of mass 

energies.


