
Beam lifetime estimation at 
SuperKEKB

Andrii Natochii
natochii@hawaii.edu

mailto:natochii@hawaii.edu


2

Motivation: Transverse polarization measurements at SuperKEKB

Use Touschek lifetime to measure beam polarization
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An example of dedicated beam background measurements in SuperKEKB.
Top: typical measured detector background; bottom: measured machine parameters.

Background measurements

A dedicated beam-induced background measurement is performed to 
measure each background component separately, usually twice a year

Beam-gas background
Elastic and inelastic particle scattering off 

of residual gas molecules 

Touschek background
Inelastic scattering of two particles in the 

same beam bunch 

Luminosity background
Radiative Bhabha and two-photon 

processes 
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We could use the same data for 
Touschek lifetime measurements

For more details, see the Phase 3 paper
[https://doi.org/10.48550/arXiv.2302.01566]

https://doi.org/10.48550/arXiv.2302.01566


Beam current as a function of beam lifetime

Heuristic fit formula for beam losses

lifetime

bunch volume

# of bunches in the ringring average effective 
residual gas pressure 

seen by the beam

Bunch length
[H.Ikeda, KEK, private communication (2021)]

average CCG gas 
pressure over sensing 

ring sections

base pressure
For more details, see the Phase 3 paper

[https://doi.org/10.48550/arXiv.2302.01566]

Heuristic fit formula
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https://doi.org/10.48550/arXiv.2302.01566


Fit results for May 2020

β*
y = 1.0 mm 5
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Calculated every 10 sec.



Fit results for June 2020

V-collimator aperture scan

β*
y = 0.8 mm 6
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Calculated every 10 sec.



Fit results for June 2021

β*
y = 1.0 mm 7
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Calculated every 10 sec.



Fit results for Dec. 2021

FB system tuning

β*
y = 1.0 mm 8
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Calculated every 10 sec.



Beam lifetime estimation for May 2020

β*
y = 1.0 mm 9
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Beam lifetime estimation for June 2020

β*
y = 0.8 mm 10
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Beam lifetime estimation for June 2021

β*
y = 1.0 mm 11
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Beam lifetime estimation for December 2021

β*
y = 1.0 mm 12
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May 2020
Beam-gas LER: EXP = 7.277 +/- 6.745 [min] | SIM = 25.471 +/- 0.243 [min] | EXP/SIM = 0.286 +/- 0.265
Touschek LER: EXP = 5.173 +/- 0.006 [min] | SIM = 6.749 +/- 0.008 [min] | EXP/SIM = 0.766 +/- 0.001
Beam-gas HER: EXP = 100.368 +/- 78.485 [min] | SIM = 298.516 +/- 3.135 [min] | EXP/SIM = 0.336 +/- 0.263
Touschek HER: EXP = 37.929 +/- 0.057 [min] | SIM = 59.054 +/- 0.114 [min] | EXP/SIM = 0.642 +/- 0.002

June 2020
Beam-gas LER: EXP = 11.023 +/- 10.019 [min] | SIM = 32.592 +/- 0.273 [min] | EXP/SIM = 0.338 +/- 0.307
Touschek LER: EXP = 8.722 +/- 0.018 [min] | SIM = 13.985 +/- 0.023 [min] | EXP/SIM = 0.624 +/- 0.002
Beam-gas HER: EXP = 52.044 +/- 38.692 [min] | SIM = 334.795 +/- 3.292 [min] | EXP/SIM = 0.155 +/- 0.116
Touschek HER: EXP = 33.656 +/- 0.064 [min] | SIM = 45.126 +/- 0.275 [min] | EXP/SIM = 0.746 +/- 0.005

June 2021
Beam-gas LER: EXP = 19.764 +/- 17.721 [min] | SIM = 60.807 +/- 0.443 [min] | EXP/SIM = 0.325 +/- 0.291
Touschek LER: EXP = 6.390 +/- 0.009 [min] | SIM = 15.716 +/- 0.018 [min] | EXP/SIM = 0.407 +/- 0.001
Beam-gas HER: EXP = 238.081 +/- 151.571 [min] | SIM = 660.056 +/- 5.382 [min] | EXP/SIM = 0.361 +/- 0.230
Touschek HER: EXP = 27.929 +/- 0.100 [min] | SIM = 46.505 +/- 0.138 [min] | EXP/SIM = 0.601 +/- 0.003

December 2021
Beam-gas LER: EXP = 38.354 +/- 36.346 [min] | SIM = 34.968 +/- 0.291 [min] | EXP/SIM = 1.097 +/- 1.039
Touschek LER: EXP = 10.614 +/- 0.016 [min] | SIM = 15.659 +/- 0.017 [min] | EXP/SIM = 0.678 +/- 0.001
Beam-gas HER: EXP = 450.678 +/- 274.018 [min] | SIM = 760.409 +/- 4.992 [min] | EXP/SIM = 0.593 +/- 0.360
Touschek HER: EXP = 24.107 +/- 0.079 [min] | SIM = 46.554 +/- 0.136 [min] | EXP/SIM = 0.518 +/- 0.002

Experimental data fit (EXP) VS SAD simulation (SIM)
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EXP uncertainty source: fit parameters (B, T) & vacuum pressure (P0, dP/dI)
SIM uncertainty source: statistics



Assumptions, uncertainties, and improvements
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● Archived EPICS PVs used for the analysis (measured beam parameters)
○ Beam current at beam current monitors: I(LER/HER) = SKB2:BM<L/H>DCCT:CURRENT 

■ ⇒ DCCT (KEKB [link]) syst. unc. = 10 µA
○ Beam size at X-ray monitors: σx,y(LER/HER) = SKB2:BM<L/H>XRM:BEAM:SIGMA<X,Y> 

■ ⇒ syst. unc. (x/y) = 10/1 µm (could be overestimated)
■ ⇒ offset Δ(x/y) = 10/7 µm → σcorr = (σ2 – Δσ2)½ [link]

○ Average vacuum pressure in a given section (D01-12): Pi(LER/HER) = 
SKB2:VA<L/H>CCG:D<i>_<L/H>ER:PRES:AVG 

■ ⇒ rel. unc. for individual CCG = 10% 
■ ⇒ rel. unc. for a section is assumed = 10%/√N, where N is the number of CCGs in the given 

section
● Most SKB PVs have different timestamp, therefore, a linearly interpolated value between two neighbor 

points is taken at the given time
● Possible improvements

○ Clarify uncertainties for the beam parameters used in the fit
○ The bunch length (σz) could be taken from measurements, instead of using fit results
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Heuristic fit formula:

https://doi.org/10.1016/S0168-9002(02)01783-7

