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The Belle-II experiment at SuperKEKB

Key Scientific Goals

Address fundamental questions about the 
Universe with measurement at the Precision 
Frontier in collisions of electrons and positrons
 Why is the universe made only of matter and 

not anti-matter?
 Are there new fundamental forces in nature?
 What is the nature of the three generations of 

quarks and leptons?
 What is the nature of dark matter?
Examples of such precision measurements include
 B-meson decays to 3rd generation leptons
 The parameters of the Unitarity Triangle

LER: e+ @ 4GeVHER: e- @ 7GeV
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Challenges of commissioning a new collider
(a subset of..) 

Interesting questions

 How to know when the vacuum chamber walls are clean enough?

 How to know if our machine-induced background models are appropriate?
 Can we disentangle the different contributions?
 Do each contribution scale as expected with respect to beam parameters (e.g. size, 

current, pressure, bunch structure)?

 Will detector upgrades be necessary during the lifetime of the experiment?
 Effect of pile-up noise and channel occupancy on resolution and dead time.
 Cumulative radiation damage

 How to determine the best settings to increase beam current and minimize 
machine-induced backgrounds?

Phased approach

 Phase 1 (2016): first beams (this talk)
 No focussing (no luminosity)
 Ad-hoc assembly of independent detectors

 Phase 2 (2017): Belle-II w/o vertexing. Conditions closer to actual experiment.
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Expected background sources during phase 1

Beam-gas interactions Beam-beam interactions

 Should dominate in the early 
days

 Coulomb and Bremsstrahlung 
processes

 Scale as function of beam 
current pressure and gas species

 Touschek losses
 Intra-bunch scattering  (𝑝∥ ↔ 𝑝⊥)
 Beam particle kicked out of 

acceptance

Electron-cloud effect
 Typical problem with e+ beams
 Counter measures exist in SuperKEKB

design:

TiN coating

e±(p)

e±(p)

e±(p) e±(p’)

Coulomb

Bremsstrahlung
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Meet the BEAST

 4x He3 tubes (talk by S.R. de Jong) 
 Thermal neutron detectors

 6x Crystal calorimeter units  (this talk)
 Electromagnetic radiation measurement

 4x µTPCs (University of Hawaii)
 Directional fast neutron detection

 64x PIN diodes (Wayne State, UH, KEK)
 x-ray dose along z-axis

 4x diamond sensors (INFN Trieste)
 Radiation-hard beam abort sensors

 4x BGO crystals (Nat. Taiwan University)
 Luminosity monitoring

 8x Fast plastic scintillators (MPI Munich)
 Injection background time-structure
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BEAST Crystal Calorimeter system

Photo credits : P.Lewis

Goals:
• Measure e and γ flux and 

spectrum v.s. beam conditions
• Compare performances of 

crystal materials
• Use the fast crystals to study 

injection noise time-structure
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Inside one detector unit: three crystals and readout

Environment monitors
(3xTº + 1x R.H.)

Photograph of the BEAST Crystal setup at KEK before installation

Pure CsI

LYSO

CsI(Tl)

PMTs

Signal chain:
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Early results

(just out of the oven)
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Beam-gas interactions: Vacuum scrubbing

 During commissioning: photons and electrons hit the vacuum 
chamber walls, and eject molecules adsorbed on the surface
 This is photon- and electron-stimulated desorption (PSD/ESD)
 PSD yield η is expected to behave like a power law:

 𝜂𝑃𝑆𝐷 = 𝜂0
𝐷0

𝐷

𝛽
where 

 D is the beam dose (e.g. mA∙h)
 β is related to photon energy, material temperature 

and nature of adsorbed species
 What we observed during first months of operation (Feb 17 – Apr 28)

[1] O Gröbner, AG Mathewson, H Störi, P Strubin, R Souchet, Studies of photon induced gas desorption using synchrotron radiation, Vacuum, Volume 
33, Issue 7, July 1983, Pages 397-406,

[1]

http://dx.doi.org/10.1016/0042-207X(83)90659-0
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Beam-gas interactions: effect of pressure

Light elements 
released earlier

Elements to study:
 φ-dependence
 Gas-species dependence
 Location of the pressure bump 



12

Beam-beam interactions: effect of beam size (electron ring)
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Observation of the electron-cloud effect
Beam blow-up at high currents

Before After

Plot credits: SuperKEKB Plot credits: SuperKEKB

The BEAST crystal system noted very rapid increase of rates for ILER > 450 mA

Corrections June 2-5: coils and 
permanent magnet solenoids

This is too fresh for us to analyse  if 
we could see the difference in our 
reading… stay tuned!
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Conclusions

 The BEAST experiment provides critical data to test and improve our 
models of machine induce background

 Successful data taking currently ongoing (between February and June) 
 Data sanity checks  conducted on all systems

 The crystals system were able to observe a great range of phenomenon:
 Vacuum scrubbing
 Effect of pressure and gas constituents on beam-gas losses
 Effect of beam size on Touschek losses
 Impact electron-cloud effect on beam size, and background
 Time structure of injection noise (analyzed by INFN, see backup)

 More refined analyses will occur during the Summer and Fall
 Geometric dependence
 Absolute dose calculations

 Next major challenge: data-simulation comparisons
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Supplemental Material
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The Belle-II detector at a glance

Pixel and Vertex 
Detector (PXD)

Central Drift 
Chamber (CDC)

KL and Muon 
system (KLM)

Time-of-
Propagation 
counter (TOP)

Aerogel Ring-
Imaging detector 
(ARICH)

Electromagnetic
Calorimeter (ECL)
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Pure CsI readout CsI(Tl) readout: R580
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Crystal example plots

LYSO
CsI (Tl doped)

On the left side we have the LYSO waveform while on the right
side we have the CsI(Tl doped) waveform.

Plot credits: P. Branchini
Plot credits: P. Branchini
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Beam-beam interactions: effect of beam size (positron ring)
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Simulation
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CsI(Tl) and LYSO – Forward channels†

Ch.0

Ch.2

Ch.3 Ch.5

Ch.6

Ch.8

CsI(Tl)

CsI(Tl)

CsI(Tl)
LYSO

LYSO

LYSO

†Pure CsI channels are omitted from these
plots since the distributions are very similar

y

x
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CsI(Tl) and LYSO – Backward channels†

Ch.9

Ch.11

Ch.12 Ch.14

Ch.15

y

x

Ch.17

†Pure CsI channels are omitted from these
plots since the distributions are very similar

CsI(Tl)

CsI(Tl)

CsI(Tl)

LYSO

LYSO

LYSO
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Injection background time structure
*Analysis conducted by R. de Sangro (INFN Frascati)

Magenta= LYSO

Blue = CsI
Reference 95% Injection efficiency

Plot credits: R. de Sangro
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Injection background time structure
*Analysis conducted by R. de Sangro (INFN Frascati)

Magenta= LYSO

Blue = CsI
Phase Shift 31deg - ~70% Inj Eff.

Plot credits: R. de Sangro


