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 Luminosity Determination in Colliders
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● Luminosity Determination:

1. Measuring rate of low angle Bhabha interactions (e+e- → e+e-) - LEP
         --Radiative Bhabha scattering for relative luminosity measurements

2. Detecting photons from radiative bhabha scattering (e+e- → e+e- gamma) - SuperKEKB

3. Cherenkov detector to monitor beamstrahlung flux - SLC

4. The Van Der Meer method (using vertical beam steering) - ISR, LHC
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● Targeted accuracy for FCCee: 0.01% or 10e-4 for absolute 
luminosity

● Acceptance limit: um precision in the LumiCal for small-angle 
Bhabhas (due to steep angular dependence of the Bhabha 
scattering)



 Luminosity Determination in FCC-ee
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● Luminosity Determination: Rate of low angle Bhabha interactions (e+e- → e+e-)

● The photons detected by luminometer are plagued by background radiations:
          Beamstrahlung, pair-production, radiative Bhabha , Additionally: SR, Solenoid

 

Affects the effective 
acceptance of luminometer

Systematic Bias in total Luminosity 
measurement, Changes the 
luminosity spectrum

The radiation processes and their impact on luminosity 
can be measured for  luminosity optimization during the 
collision 

❏ Has well understood, calculable and large cross section 
❏ Sufficient Statistical Precision,
❏ Separation from background radiation

Beam-Beam backgrounds



 Work Plan and Constraints

Combine this information for Luminosity tuning 
and optimization
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● Luminometer and tuning knobs: Implied alignment 
or Beam stability tolerance

● Beamstrahlung monitor signals: Dependence 
● on IP position, closed-orbit angle, beam sizes

● If possible: information from 
silicon vertex detector signals

Luminometer and  Beamstrahlung Monitor

● Bhabha scattering: provides low instantaneous counting rate

● Very high power from beamstrahlung photons

● Handling the backgrounds resulting from beamstrahlung photon (could affect detector/ SVD): 
incoherent e+e- pair production

● Distinguishing and shielding beamstrahlung photons from synchrotron and low energy 
radiative-Bhabha photons



 Beamstrahlung
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Classical Description of Beamstrahlung Measurements based on the Beamstrahlung Monitor

● Transverse sizes of e+ and e- beam: Analysis of 
beamstrahlung energy patterns

● IP beam-beam steering: Angular shift in in centre 
of beamstrahlung distribution (in gamma region- at 
small angles)

● Luminosity, beam size variation: 
Visible (light) beamstrahlung at  fixed angle. 
Radiation intensity depends on-

● Affects the bunch length and energy spread- 
and hence the beam lifetime + luminosity

● Photon number and emitted energy 
proportional to beamstrahlung parameter



GUINEA PIG
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Generator of Unwanted Interactions for Numerical Experiment Analysis: Program Interfaced to GEANT

● Implements full beam dynamics for particle 
generation, generates radiative Bhabha and 
Beamstrahlung, interaction effects on luminosity 
and background

● Both classical and quantum description of  
beamstrahlung can be used

● Simulation code also includes pinch effect, pair 
creation, hadronic background calculations

● Accepts input files of electron and 
positron beams with crab-waist transform

● And all essential accelerator parameters



Preliminary results
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Beamstrahlung flux at four working points of FCCee

     45.6 GeV, 80.0 GeV, 120.0 GeV, 182.5 GeV

 



Preliminary results: Vertical waist shifts

❏ Waist shift: increases IP 
spot size
Cause: horizontal 
sextupole or upstream 
quadrupole displacement, 
change in quadrupole 
strength 
 

❏  
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Working point: 
ttbar, 182.5 GeV      

BS photons distributions



Preliminary results: Vertical waist shifts

10

Working point: 
Z, 45.6 GeV      

BS photons distributions
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TESLA Collider https://cds.cern.ch/record/331845?ln=en

● Characterization of the beamstrahlung radiation at the future high-energy circular collider 
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.26.111002

● Beam Spot Size Measurement Using Beamstrahlung Signals at the SLC Interaction Point 
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https://www.sciencedirect.com/science/article/pii/S016890020000766X?via%3Dihub 
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● Beamstrahlung Monitor for SLC Final Focus Using Visible Wavelengths 
https://inspirehep.net/literature/230103

● Luminosity optimization feedback in the SLC https://inspirehep.net/literature/496269
● Luminosity Measurements And Calculations Https://Cds.Cern.Ch/Record/261063/
● Beam-Beam Simulations With Guinea-Pig http://cds.cern.ch/record/2828391?ln=en
● Lep Luminosity Revisited: Design And Reality 
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● Beam Blow Up due to Beamstrahlung in Circular $e^+e^-$ Colliders 

https://cds.cern.ch/record/261063/files
● Challenges for FCC-ee Luminosity Monitor Design https://arxiv.org/abs/2107.12837 
● Lecture Notes for: Accelerator Physics and Technologies for Linear Colliders 

https://hep.uchicago.edu/~kwangje/LectureNotes_Zimmermann.pdf 
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 Summary slide

Combine this information for Luminosity tuning 
and optimization
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● Luminometer and tuning knobs: Implied alignment 
or Beam stability tolerance

● Beamstrahlung monitor signals: Dependence 
● on IP position, closed-orbit angle, beam sizes

● If possible: information from 
silicon vertex detector signals

Simulations

● Guinea Pig: Generate effects of 
waist shifts, vertical dispersions etc 
on BS spectrum, power output, and 
luminosity at four different working 
points

● Additional beam-generation code to 
set-up switches unavailable in GP.

Measurements possible from Beamstrahlung

● Transverse sizes of e+ and e- beam: Analysis of 
beamstrahlung energy patterns

● Luminosity, beam size variation: Visible(light) beamstrahlung 
at fixed angle

● IP beam-beam steering: Angular shift in in centre of 
beamstrahlung distribution (in gamma region)

Starting with Beamstrahlung signals

The overall recipe for luminosity tuning



 Luminosity Tuning
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Bremsstrahlung

● Event rates proportional to 
luminosity

● Detection of hard photons 
or remnant beam particles

● Detected photon 
accompanied by number of 
soft photons

● Need to avoid detecting 
beamstrahlung related or 
pair-production related low 
energy particles.

    Beamstrahlung

● Affects the bunch length and 
energy spread- and hence the 
beam lifetime and luminosity

● Photon number and emitted 
energy proportional to 
beamstrahlung parameter: 
simplifies power estimation

● Intense/powerful production- 
upto ~100 kilowatts

● Needs shielding from radiative 
Bhabha (emitted in same 
radiation cone)

Pair-Production

● Coherent and incoherent 
(small epsilon) production

● Breit-Wheeler, Bethe-Heitler 
and Landau-Lifshitz



Parameters
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