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Search for Tiny Effects

➢ The standard model of particle
physics fails to explain
several phenomena

✗ But we have not found
any convincing signals
that point to the
more general theory

➔ Have to look closer
➔ Be smarter
➔ Or both
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Outline

➢ Experimental conditions

➢ Recent results
 Semileptonic decays

 b  sll transitions→

 Dark matter searches

 Matter antimatter asymmetries

➢ Outlook and conclusions
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SuperKEKB: e+e– @ √s ≈ 10.6 GeV

Nano beams:

➢ Goal: 50 ab-1

(50x Belle)
 Challenge:

machine
induced
backgrounds
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Belle II Detector

electrons  
  (7GeV)

positrons
  (4GeV)

K
L
 and muon detector:

Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (end-caps)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling

Vertex Detector
2 layers DEPFET + 4 
layers DSSD

TDR: arXiv:1011.0352

Trigger and DAQ
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Software and Computing

● >1M lines of offline software

➔ Soon to be released as open source
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Event Types

e+e–  Y(4S)  BB
 qq (continuum bkg.)
 τ+τ–

 µ+µ–(γ), e+e–(γ), ...

Machine induced backgrounds in SVD

Extrapolation
to design lumi



Planck 2021, 30.06.2021Thomas Kuhr Page 9

Complementarity with LHCb

goal ~50 (phase I)

30%
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Reconstruction of Undetected Particles

● Full reconstruction of Btag decay in O(10.000) different decay chains 
with a sequence of BDTs  Full Event Interpretation (FEI)→

➔ All remaining particles in the event belong to Bsig (  hermeticity)→

➔ 4-momentum of Bsig  4-momentum of undetected particles→

Y(4S)
Btag

Bsig

D

π

π

K
ν

ν

K

Comput. Softw. Big Sci. 3 (2019) 1, 6
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Data Taking Status

● Commissioning
run in 2018

● Physics run
started 2019

➢ Collected
0.2 ab–1 so far

Records:
● L = 3.1 x 1034 cm-2s-1

@ June 22, 2021
● ∫L = 12 fb-1 / week

(Belle: 8, BaBar: 5)

public results so far
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FEI Calibration

Y(4S)
Btag

Bsig

D

π

π

K
ν

ν

K

ℓ

arXiv:2008.06096
BELLE2-CONF-PH-2020-005
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Hadronic Moments in B  X→ cℓν

➔ Background constrained with same 
charge combinations

➔ Calibration factors from MC

Y(4S)
Btag

Bsig

D

π

π

K
ν

ν

K

ℓ

X c

arXiv:2009.04493
BELLE2-CONF-PH-2020-011
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Hadronic Moments in B  X→ cℓν

➔ Results for <Mx
n> for n=1-6

arXiv:2009.04493
BELLE2-CONF-PH-2020-011

inclusive measurement

Eur.Phys.J.C 80 (2020) 10, 966

 → Step towards a |Vcb| measurement
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B  D→ *ℓν Branching Fraction arXiv:2008.10299
BELLE2-CONF-PH-2020-009

Y(4S)
Btag

Bsig

D

π

π

K
ν

ν

K D

ℓℓ

D*

PDG: (5.06 ± 0.12) %

absolute branching fraction
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Prospects for R(D(*))

Belle II Physics Book
PTEP 2019, 123C01

arXiv:2101:08326
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b  s→ ℓℓ
BR(B → Kμ+μ–) / BR(B  Ke→ +e–)

arXiv:2103.11769

B → K*μ+μ–

uncertainty

Similar sensitivity for R(K*) and R(Xs)
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B  K→ νν

Y(4S)
Btag

Bsig

D

π

π

K
ν

ν

K

PRD 96 (2017) 9, 091101

uncertainty
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B  K→ νν

Y(4S)
Btag

Bsig

D

π

π

K
ν

ν

K

● Kaon candidate selection
● Inclusive tag  rest of event→
● BDTs inputs: kaon mom., rest 

of event, event shape, D veto
● B+  K→ +J/ψ( µµ) control sample→

arXiv:2104.12624
submitted to PRL
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B  K→ νν
arXiv:2104.12624

➢ Same sensitivity as Belle hadronic tag
analysis with 10 times more data

➔ Also sensitive to B  KX→ dark

undetected particles
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Search for Axion Like Particles
PRL 125 (2020) 16, 161806

Signature:
● Photon pair

recoiling against
third photon

● Peak in diphoton
invariant mass
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Search for Axion Like Particles

● Item

PRL 125 (2020) 16, 161806
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Search for Axion Like Particles

➢ No significant signal  limit on cross section→
➔ Exclusion in mass/coupling parameter space
➔ Competitive result with only 0.0004 ab–1

PRL 125 (2020) 16, 161806
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Search for Invisible Z’
PRL 124 (2020) 14, 141801

Signature:
● Two muons and missing momentum
● Peak in recoil mass

Main background: 
● tau pair events

 cut on transverse recoil momentum→

DM coupling only
to µ and τ 
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Search for Invisible Z’
PRL 124 (2020) 14, 141801

● No significant signal in µµ recoil mass
➔ limit on Z’ mass and coupling constant
➔ Probing region favored by g-2 with 50 fb–1
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Search for Invisible LFV Z’
PRL 124 (2020) 14, 141801

 Signature: muon, electron, missing momentum 
● No significant signal in µe recoil mass
➔ limit on efficiency times cross section
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CP Asymmetries

ACP(B
0  → K+π–) ≠ ACP(B

+  → K+π0)

➢ Kπ puzzle

➔ Reduced theoretical
uncertainties in isospin sum
rule including ACP(B

+  → K0π+)
and ACP(B

0  → K0π0)

Nature 452, 332
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ACP(K
0π0)

➢ Time integrated measurement:
● Continuum background suppressed with BDT,

validated with B0  D→ 0( K→ –π+)π0

arXiv:2104.14871
BELLE2-CONF-PH-2021-001

● Flavor 
tagging



Planck 2021, 30.06.2021Thomas Kuhr Page 29

ACP(K
0π0) arXiv:2104.14871

BELLE2-CONF-PH-2021-001

B0

B0
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ACP(K
0π0)

● Item

arXiv:2104.14871
BELLE2-CONF-PH-2021-001

decay with neutrals
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Accelerator Performance Evolution

● Item

➔ L = 3.12 x 1034 cm–2s–1

(world record)

➢ Update of
projections
in progress
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Conclusions

✔ Belle II produced interesting 
and competitive results 
with little data already

✔ The Belle II physics program 
is very broad

✔ New ideas are extending 
the physics reach

➔ If new physics is found 
in the next ten years 
I think the chances are high 
that Belle II will have to say 
something about it

Belle
 II
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Backup
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P5’
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FEI Calibration arXiv:2008.06096
BELLE2-CONF-PH-2020-005
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Hadronic Moments in B  X→ cℓν

Calibration:

● Difference of rec. and true MX in bins of Emiss–pmiss, Xmult, pℓ
*  M→ X,calib

● Difference of rec. and true moment  → 𝓒calib

● Difference of true moment with and without event selection  → 𝓒true

arXiv:2009.04493
BELLE2-CONF-PH-2020-011
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