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 Work Plan: Luminosity optimization and tuning

Combine this information for luminosity tuning 
and optimization
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● Luminometer signal:
● Single Bremsstrahlung based fast luminosity 

monitors?

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

● If possible- information from 
silicon vertex detector signals

Machine-Learning based recipe to 
calculate beam-parameters and tune 
knobs??SuperKEKB- Large Angle Beamstrahlung 

Monitor, neural network based techniques: 
measuring 32 independent values with different 

optical properties (32 Photomultipliers)
Supervised learning based 
model for magnetic error 

correction at LHC

https://www.sciencedirect.com/science/article/pii/S0168900222007458
https://www.sciencedirect.com/science/article/pii/S0168900222007458
https://link.springer.com/article/10.1140/epjp/s13360-021-01348-5
https://link.springer.com/article/10.1140/epjp/s13360-021-01348-5


 Luminosity determination in machines
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 Luminosity Z W ZH tt

140 20 5.0 1.4

LEP ● 16 small tungsten-silicon calorimeters
● Rate of small angle Bhabha scattering events
● Luminosity and beam angular divergence: fast monitor 

based on the single bremsstrahlung process

SuperKEKB ● Detecting photons from radiative Bhabha scattering
● Specific luminosity from ZDLM luminosity monitor 
● Instant total luminosity by ECL monitor

SLC ● Small angle monitor (SAM) for measuring Bhabha scattering (with Mark-II detector)

LHC ● Van Der Meer method (using vertical beam steering)



Beamstrahlung signals
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● 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)

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

● Moments of beam distribution: 
From polarization data of beamstrahlung

SLC

CESR studies

● Passive monitoring of position and size of beam:
         Beamstrahlung polarization and spectra

● Beam length and collision timing:
Beamstrahlung time profile

● Relative height of beams, relative vertical offsets:
Polarization observables (ratios)

         

● Information about IP geometry:
Angular scans

EIC studies

SLC

SuperKEKB

SuperKEKB

https://inspirehep.net/files/0a17823993ce97f04e436f6a9fb4c0ab
https://www.sciencedirect.com/science/article/pii/S0168900298006597?ref=cra_js_challenge&fr=RR-1
https://www.sciencedirect.com/science/article/pii/S0168900298006597?ref=cra_js_challenge&fr=RR-1
https://accelconf.web.cern.ch/l86/papers/th3-18.pdf
https://www.sciencedirect.com/science/article/pii/S0168900217306927
https://arxiv.org/abs/1709.01608
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IP Spot size related tolerances 
(aberrations that increase the IP spot size)

Vertical waist shift

● Horizontally displaced 
sextupole

● Displaced upstream 
quadrupoles

Vertical dispersion

● Displaced quadrupole or 
change in its strength

● Rolls of bending magnets or 
quadrupoles

● Vertical displacement of 
sextupoles

Skew coupling

● Rolls of quadrupole magnets

● Vertical displacement of 
sextupoles

● Trajectory offset causing 
vertical orbit offset in 
sextupoles

Tolerances



7

Waist shift Vertical dispersion Skew coupling
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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, Beamstrahlung, interaction effects on 
luminosity and background, generates radiative 
Bhabhas

● 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



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

 



Energy distribution
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FCCee-Z FCCee-t
Waist shifts in electron beam



Angular distribution
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FCCee-Z FCCee-t
Waist shifts in electron beam



Luminosity Measurements
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Waist shifts in electron beam
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Luminosity Measurements

 
 

Waist shifts in both beam



Energy distribution
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FCCee-Z FCCee-t

Vertical dispersion in electron beam



Energy distribution
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FCCee-Z FCCee-t

Vertical dispersion in electron beam



Luminosity Measurements
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Vertical dispersion in electron beam



Luminosity Measurements
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Vertical dispersion in both beams



Power Measurements

18

 

Waist shift in electron 
beam only

Electron beam power

Positron beam power



Power Measurements
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Waist shift both beams

Electron beam power

Positron beam power



Power Measurements
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Vertical dispersion in 
electron beam only

Electron beam power

Positron beam power



 Summary

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 
skew-coupling, other offsets on BS 
spectrum, power output, and luminosity

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

Starting with Beamstrahlung signals

The overall recipe for luminosity tuning

● Effects of multiple tolerances applied together

● BBBREM for radiative Bhabhas

● BHLUMI/other MCs? for Bhabha electrons

● Combining signals in a ML framework

Further Goals



Thank you all!
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 Beamstrahlung measurements
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Classical Description of Beamstrahlung ● QM nature of Beamstrahlung- increases 
energy spread- in turn increases bunch 
length. 

● Reduces luminosity. Reduction of dynamic 
aperture- increased loss rate of particles

● Photon number and emitted energy 
proportional to beamstrahlung parameter

Synchrotron radiation emitted by a beam in the electromagnetic 
field of the incoming beam near IP



Power Measurements
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Vertical dispersion in 
both beams

Electron beam power

Positron beam power
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Waist Shifts (in electron beam)
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Waist Shifts (in electron beam) FCCee_Z
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Waist Shifts (in electron beam) FCCee_t
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Vertical Dispersion (in electron beam)
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Vertical dispersion (in electron beam) FCCee Z 
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Vertical Dispersion (in electron beam) FCCee_t
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Waist shift (in both beams)
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Waist-shift (both beams)
FCCee_Z                                                               FCCee_t
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Waist-shift (both beams)
 FCCee_Z                                                              
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Waist-shift (both beams)
 FCCee_t                                                              
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Vertical Dispersion (in both beams)
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Vertical Dispersion (both beams)
 FCCee_Z                                                               FCCee_t
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Vertical-dispersion (both beams)
FCCee_Z                                                              



40

                 Skew Coupling
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FCCee_Z
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FCCee_t
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FCCee_t
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FCCee_t



Parameters
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Credits: Frank’s Notes

● Small beams, strong sextupoles to cancel chromaticity and aberrations

Waist shift Vertical dispersion Skew coupling


