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SuperKEKB

High luminosity comes at the cost of elevated beam backgrounds.
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Why do we care about beam backgrounds?

Beam Backgrounds

Undesirable background particles generated by the SuperKEKB
accelerator.

Negative effects of beam backgrounds
Performance degradation in Belle II detectors
Increased hit occupancies
Increased analysis backgrounds
Can damage Belle detectors

An important early goal is to validate and improve this BG
simulation. This will improve phase 3 predictions, and will tell us if
extra background remediation measures are needed.
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Some essential accelerator terminology
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Beam background sources
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Single beam background example: beam-gas
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Collision background example: Radiative Bhabha
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Collision background example: Radiative Bhabha
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Collision background example: Radiative Bhabha
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Collision background example: Radiative Bhabha
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Luminosity and background

Careful beam optics tuning and collimation are essential for
background mitigation.
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Collimators Overview
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Beam Commissioning and BEAST
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Commissioning Overview

Beam commissioning has been divided up into three phases.

Phases 1 and 2 had a dedicated suite of BEAST background
detectors. A few remnants of BEAST remain in phase 3, but are
(mostly) no longer contained within Belle
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BEAST Phase 1 System
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Measuring background contributions: Beam-gas and
Touschek

Question

Which beam quantities would you suspect beam-gas background
rates to depend on?
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Measuring background contributions: Beam-gas and
Touschek

Question

Which beam quantities would you suspect beam-gas background
rates to depend on?

Answer :
Ratebg = B · IPZ 2

eff .
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Measuring background contributions: Beam-gas and
Touschek

Question

Which beam quantities would you suspect Touschek background
rates to depend on?

Touschek is a bit more complicated overall 1.

1See here for details
Jeff Schueler Belle II Summer School: Backgrounds 20 / 52

https://www.sciencedirect.com/science/article/pii/S0168900218306909?via%3Dihub


Measuring background contributions: Beam-gas and
Touschek

Question

Which beam quantities would you suspect Touschek background
rates to depend on?

Answer :

RateT = T ·
NbI

2
bunch

σy
= T · I 2

σyNb
.
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Measuring background contributions: Beam-gas and
Touschek

Rate = Ratebg + RateT

During single beam background studies the assumption is that
contributions to background rates are exclusively due to
beam-gas and Touschek effects

Combined Heuristic

Rate = B · IPZ 2
eff + T · I 2

σyNb
,

where B and T , respectively, are beam-gas and Touschek
sensitivity parameters. B and T can be measured in both
experiment and simulation!
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Using the combined heuristic

Divide Rates by IPZ 2
eff and plot the scaled rates vs I

Pσy NbZ 2
eff

Rate

IPZ 2
eff

= B + T · I

PσyNbZ
2
eff
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Phase 1 Results Summary: Beam-gas and Touschek

Observed rates exceeded predictions from simulation. HER
beam-gas rates two orders of magnitude above prediction.
Thermal neutrons are slightly elevated.
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Phase 1 Results: Vacuum Scrubbing

Vacuum scrubbing reduces the dynamic pressure in the ring,
causing a reduction in beam-gas backgrounds. HER is “better
scrubbed” than LER (more on this when we talk about phase 3).
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Phase 1 Results: Synchrotron

Differences between aluminum-shielded and gold-shielded PIN
diode pairs used to set an upper limit on SR
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Phase 1 Takeaways

Conclusion

Single beam bkgs safe when extrapolated to full luminosity
operation with full set of perfect collimators −→ safe to install
Belle II
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Lots of additional results found here!
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https://arxiv.org/abs/1802.01366


BEAST Phase 2 System
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Phase 2 first observation of SR

SR observed in PXD, FANGS, and Diamonds. This was
post-dicted by simulation after removing a Geant4 low energy cut.
Extrapolated to phase 3 conditions and deemed safe, however still
more work is needed
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Phase 2 scraping backgrounds

Large scraping backgrounds observed in HER. Optimizing
collimators and beam orbit adjustments help reduce these (more in
phase3 slides)
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Phase 2 other results: Neutrons

Neutrons critical for several Belle II detectors (see table, p. 27).
Spatial distribution and energy spectra in good agreement with
simulation.
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Phase 2 Principal Studies

1. HER study June 11th, 2018
2. LER study June 12th, 2018
3. HER study July 16th, 2018
4. LER study July 16th, 2018
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Simulation Improvements

1. Improved Geant4 beam-pipe geometry inside QCS (a few
improvements listed below)

Change beam pipe material from Tantalum to SUS316L
Modify beam pipe geometry to fit to the latest CAD drawing
Implement elliptical inner radius around QC1

2. Include beam-gas bremsstrahlung in all samples

Phase 1 and 2 background measurements provide feedback on
simulation accuracy. Improved data/mc agreement is required for
trustworthy extrapolations to design luminosity (see bottom of p.4)
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Phase 2 summary results after simulation improvements

Simulation reliability improved with these changes. Possible HER
simulation problem.
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Status at the end of Phase 2
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Phase 2 Takeaways

1. Based on simulation corrected by data/MC, beam backgrounds
must be reduced by a factor of 2 in short term and 10 in long
term

2. Simulation reliability improved between phase 2 and phase 3

3. Simulation predicted that new phase 3 collimators will provide a
factor of 5 reduction in single beam backgrounds
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Enter Phase 3: Beam background remediation
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Remnants of the BEAST

BEAST detectors are now primarily used to monitor conditions
outside of the IR. Diamonds system now includes sensors around
the beam pipe and throughout the QCS regions.
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Rough background timeline

1. March-April 3rd:
β∗y = detuned→ 8mm→ 6mm→ 4mm→ 3mm (stopped by
fire accident)

2. April 25th-26th: Recover back to 3mm optics

3. May 9th and May 10th: Aggressive collimator studies (LER and
HER, respectively)

reduced LER storage background by 20% and HER storage bkg
by 50%

4. May 11th: LER Background Study

5. May 12th: HER Background Study

6. May 14th: LER Background Study with narrower collimators

7. June 9th: LER beam size study
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Global picture (1)
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Global picture (2)

CDC and TOP were limiting max beam currents and hence,
luminosity, in early phase 3.
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Global picture (3)

Combined Heuristic fits data well for SVD, TOP, and diamonds.
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Global picture (4)

LER Beam-gas is dominant storage background in all detectors.
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Global picture (5)
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Global picture (6)
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Global picture (7)

Extrapolating the Touschek rates seen in the TPCs provides an
upper limit of O(1011) neutrons/year/cm2 (above threshold of 65
keV) toward the FWD KLM endcap.
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Global picture (8)

Loss rates indicate that HER SAD simulation is fine, yet SVD and
TOP both see large HER excesses in data indicating a potential
problem in Geant4 HER simulation.
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Roadmap through summer 2020
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Extrapolations through summer 2020
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Concluding remarks

Beam backgrounds are a critical issue at Belle II

The Belle II beam background group has performed extensive
measurements of single-beam backgrounds, which are the
most uncertain

Currently, LER beam-gas backgrounds in CDC and TOP limit
the maximum beam currents, and hence the luminosity

Background remediation is ongoing work that requires careful
coordination between accelerator and detector experts to ensure
the safety and longevity of Belle II detectors
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Useful Resources

Selected Papers

1. BEAST Phase 1 Paper: 101 page tome containing thorough
descriptions and analyses of phase 1 backgrounds.

2. Shameless plug for the TPC development paper

For online background monitoring and online analysis

1. Git repository with CSS OPI files that you can clone. (Requires
DESY account and KEK VPN. There’s a bit of a learning
curve.)

2. List of PVs currently being archived.

For offline background analysis

1. Most recent background Monte Carlo campaigns

2. Phase3 summary data prepared by Zac Liptak

3. Alternative phase 3 summary data prepared by Luka can be
found at /home/belle/luka/public/background on KEKCC
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https://arxiv.org/abs/1802.01366
https://arxiv.org/abs/1901.06657
https://stash.desy.de/projects/B2G/repos/beast_daq/browse/phase3/css_displays
https://confluence.desy.de/display/BI/List+of+Archived+PVs
https://confluence.desy.de/display/BI/Phase+II+BG+campaigns
https://confluence.desy.de/display/BI/Phase+3+Summary+Data


Backup
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Phase 2 initial summary results

Overall, LER background rates dominate, but HER data rates
O(1000) times higher than predicted?!
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Early Phase 3 LER study results
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Early Phase 3 HER study results
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Early Phase 3 LER study results
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Live Online Monitoring

Set of CSS displays that display live 1-second summary
accelerator and detector data
Displays EPICs process variables which are archived and can
be accessed for real time “online” analysis
Can be accessed on your local machine (links for instructions
in the Useful Resources slide)
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Live Online Monitoring
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Offline global data

Basf2 module now exists for
producing Belle II detector
summary ntuples (thanks to M.
Staric and J. Bennett)

Modules and classes found:
background/modules

/BeamBkgHitRateMonitor/

Steering file:
background/tools/beamBkgHitRates.py

Belle II summary data is then
merged with SuperKEKB data into
a “global” ntuple that can be
readily used for analysis
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Live Online Monitoring
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Live Online Monitoring
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Recoil Rate Results June 2018 Studies

HER LER

Jeff Schueler Belle II Summer School: Backgrounds 14 / 18



Electron Ring Recoil Spectra June 2018 Studies
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Pressure Reweighting Motivation
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Pressure Reweighting Test Results
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Pressure Reweighting Remarks
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