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 measurement at Belle IIe+e− → π+π−(γ)

 ▉ Introduction

 ▉ ISR method and trigger

 ▉  status

 ▉ Summary

e+e− → π+π−(γ)

https://indico.ijclab.in2p3.fr/event/11652/


 ▉ Anomalous magnetic moment of muon in SM:





 ▉ Uncertainty is dominated (>85%) by the leading order (LO) Hadronic Vacuum Polarization (HVP)

• Can be calculated by either Lattice QCD (used in WP25) or

• Dispersion integral (used in WP20) over the bare cross section  of 


aSM
μ ≡ (gμ − 2)/2 = aQED

μ + aEW
μ + aHVP

μ + aHLBL
μ

σ0(s) e+e− → hadrons(γ)

aHVP,LO
μ =

α2

3π2 ∫
∞

M2
π

K(s)
s

R(s)ds

Introduction
Muon g-2 and HVP
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 ▉ Current tensions


• Lattice QCD vs dispersive approach (w/o CMD-3)


•  measurements among KLOE, BaBar and 
CMD-3


• …

σ(e+e− → π+π−(γ))
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Fig. 83. Summary of the current SM prediction for aµ in comparison to experiment (red band and data points). The final WP25 prediction is denoted
in black and via the blue band, it derives from the LO HVP result defined by the lattice-QCD ‘‘Avg. 1’’ shown in blue, see Eq. (3.37). The gray band
indicates the WP20 result, based on the e+e� experiments above the first dashed line. These experimental ranges, as well as the ones for SND20
and CMD-3 that appeared after WP20, are produced as in Fig. 27; they are meant to illustrate the current situation, but cannot be interpreted as
uncertainties with a proper statistical meaning. The ⌧ point refers to Eq. (2.23), the numerical results are collected in Table 5. In all cases except
for the gray WP20 band the LO HVP results are combined with WP25 values for the remaining contributions, as summarized in Table 1. The figure
has been updated after the announcement of the final results from the Fermilab experiment, including the corrections to the previous experimental
points as detailed in Ref. [8].

The role of aµ as a sensitive probe of the SM continues to evolve. We stress that, even though a consistent picture has
emerged regarding lattice calculations of HVP, the case for a continued assessment of the situation remains very strong
in view of the observed tensions among data-driven evaluations. New and existing data on e+e� hadronic cross sections
from the main collaborations in the field, as well as new measurements of hadronic ⌧ decays that will be performed at
Belle II, will be crucial not only for resolving the situation but also for pushing the precision of the SM prediction for aµ

to that of the direct measurement. This must be complemented by new experimental efforts with completely different
systematics, such as the MUonE experiment, aimed at measuring the LO HVP contribution, as well as an independent direct
measurement of aµ, which is the goal of the E34 experiment at J-PARC. The interplay of all these approaches, various
experimental techniques and theoretical methods, may yield profound insights in the future, both regarding improved
precision in the SM prediction and the potential role of physics beyond the SM. Finally, the subtleties in the evaluation
of the SM prediction for aµ will also become relevant for the anomalous magnetic moment of the electron, once the
experimental tensions in the determination of the fine-structure constant are resolved.

In this second-edition White Paper, WP25, the Muon g � 2 Theory Initiative is presenting their new SM prediction for
aµ, which constitutes a major change from WP20. For the future, the Theory Initiative remains dedicated to continuing
to support the wide-ranging efforts and to compile updated predictions.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

We thank The University of Edinburgh for hosting the fifth plenary workshop [75]. This workshop was supported
by the Higgs Centre for Theoretical Physics, the Edinburgh Parallel Computing Centre, the Institute for Particle Physics
Phenomenology (UKRI grant ST/T001011/1), UKLFT (UKRI grant ST/T000813/1), and STRONG-2020. This workshop was
also sponsored by Eviden (formerly ATOS), NVIDIA, and StorJ. STRONG-2020 is a project part of the European Union’s
Horizon 2020 research and innovation program with grant agreement no. 824093.

We thank the University of Bern for hosting the sixth plenary workshop [76]. This workshop was supported in
part by the Albert Einstein Center for Fundamental Physics and the Swiss National Science Foundation (project nos.
200020_200553, 200021_200866, PCEFP2_181117, and PCEFP2_194272).

We thank KEK for hosting the seventh plenary workshop [77]. This workshop was supported in part by KEK Theory
Center, KEK Institute of Particle and Nuclear Studies, the Kobayashi–Maskawa Institute and Flavor Physics International

142

arXiv:2505.21476 (2025)

WP20 aexp
μ

PLREP: 2397

ARTICLE IN PRESS
R. Aliberti, T. Aoyama, E. Balzani et al. Physics Reports xxx (xxxx) xxx

The rest of the review is organized as follows: we first discuss the evaluations of data-driven HVP calculations in
Section 2 and lattice-QCD calculations in Section 3, followed by comparisons between them in Section 4. Then, we describe
evaluations of HLbL by using data-driven and analytic approaches in Section 5, and lattice QCD in Section 6. Lastly, QED
and EW contributions are given in Sections 7 and 8, respectively. We summarize the conclusions and outlook for the
current SM prediction in Section 9.

2. Data-driven calculations of HVP

R. Aliberti, G. Benton, D. Boito, M. Bruno, C. M. Carloni Calame, V. Cirigliano, G. Colangelo, L. Cotrozzi, M. Cottini, M. Davier,
A. Denig, V. Druzhinin, M. Golterman, A. Hoecker, M. Hoferichter, B.-L. Hoid, S. Holz, F. Ignatov, A. Keshavarzi, B. Kubis, A. Kupich,
S. Laporta, T. Leplumey, Q. Liu, I. Logashenko, G. López Castro, A.-M. Lutz, B. Malaescu, K. Maltman, A. Miranda, S. E. Müller,
A. Nesterenko, D. Nomura, M. Passera, S. Peris, F. Piccinini, R. Pilato, L. Polat, P. Roig, J. Ruiz de Elvira, A. Signer, P. Stoffer,
T. Teubner, G. Toledo, Y. Ulrich, G. Venanzoni, A. Wright, E. Zaid, Z. Zhang

2.1. Introduction

The calculation of the LO HVP contribution in terms of hadronic cross sections proceeds via the master formula [85–88]
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Here, the hadronic R-ratio,

Rhad(s) =
3s

4⇡ ↵2 �
⇥
e+e�

! hadrons(+� )
⇤
, (2.3)

is defined photon-inclusively, so that the integration starts at the threshold sthr = M2
⇡0 due to the e+e� ! ⇡0� channel.

The challenge in evaluating aHVP, LOµ at sub-percent level thus lies in the extraordinary precision requirements for the
measurement of e+e� ! hadrons cross sections, especially, for the crucial e+e� ! ⇡+⇡� channel. In this section, various
aspects of this program are discussed, including reports from the e+e� experiments (Section 2.2), indirect cross-section
measurements via ⌧ decays (Section 2.3), Monte-Carlo (MC) tools (Section 2.4), global data combinations (Section 2.5),
theory developments (Sections 2.6–2.8), higher orders (Section 2.9), and the MUonE project (Section 2.10). A summary of
the current situation together with an outlook to future prospects is provided in Sections 2.11 and 2.12.

Throughout, in addition to the total LO HVP contribution as defined in Eq. (2.1), also so-called Euclidean-window
observables will be considered. First introduced by RBC/UKQCD [14], weight functions in Euclidean time are introduced
that separate the entire integral into a short-distance (SD), intermediate (W), and long-distance (LD) component, see
Section 3.4 for the precise definitions. Importantly, as detailed in Section 4.1, these weight functions can be translated
into center-of-mass (CM) energy p

s, to be inserted into Eq. (2.1), so that data-driven evaluations of the same quantities
become possible, a connection that is addressed in more detail in Section 4.

2.2. Status and perspectives of e+e� experiments

2.2.1. CMD-3
The CMD-3 [89,90] and SND [91] experiments have been in operation at the electron–positron collider VEPP-

2000 [92,93] since 2010. The collider provides an instantaneous luminosity of up to 1032 cm�2s�1 at the maximum CM
energy

p
s = 2 GeV, a world record for single-bunch luminosity. Overall, more than 1 fb�1 of data has already been

collected by each experiment across the entire available CM energy range from 0.32 to 2.007 GeV. Today, VEPP-2000 is
the only collider operating at these energies.

The new generation CMD-3 detector was designed and constructed with a major upgrade of all subsystems compared
to its predecessor CMD-2 experiment. In particular, a new drift chamber provided higher efficiency and more than
twice better momentum resolution, and a new liquid-xenon (LXe) calorimeter added multi-layer tracking capabilities
and shower profile measurement. The detector also has completely new up-to-date electronics and an elaborate trigger
system. The main goals of experiments at VEPP-2000 include the high-precision measurement of cross sections of various
modes of e+e� ! hadrons at low energies. All major channels are under analysis with final states of up to 7 pions, or
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The new generation CMD-3 detector was designed and constructed with a major upgrade of all subsystems compared
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Belle II has published the measurement of :  PhysRevD.110.112005σ(e+e− → π+π−π0)

https://arxiv.org/abs/2505.21476
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.112005


 and Muon Detector (KLM): 
Resistive Plate Chambers (barrel outer layers) 
Scintillator + WLSF + SiPM’s (end-caps, inner 2 
barrel layers)

KL

EM Calorimeter (ECL): 
CsI(Tl), waveform sampling (barrel + end-cap)

electrons (7 GeV)

positrons (4 GeV)

Vertex Detector (VXD): 
2 layers DEPFET pixels (PXD) 
4 layers double-sided strip detectors (SVD)

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

:C2H6

Beryllium beam pipe: 
2 cm diameter

Time-of-Propagation detector(TOP) 
(barrel)

Aerogel Ring-imaging 
Cherenkov detector (ARICH) 
(forward end-cap)

Superconducting Solenoid

Introduction
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▉ Asymmetric-energy  collider

▉ , B factory

▉ Goal: 


• Nano-beam scheme and increased currents

•  (Dec 2024, world record) 

e+e−

Ecm = MΥ(4S) ≈ 10.58 GeV

Lpeak = 6 × 1035 cm−2s−1

5.1 × 1034 cm−2s−1

▉ Target : 

• Physics data taking with full setup in March 2019

•  has been recorded by Dec. 2024


▉ Upgraded detectors, trigger and DAQ vs Belle

Lint 50 ab−1

575 fb−1

HER  7 GeV e−

LER  4 GeV e+

SuperKEKB Belle II

531.34 fb−1

Tsukuba, Japan

Calorimeter, magnet and KLM are reused/partially 
upgraded from Belle

The inner detectors and beam pipe are completely new



Belle II Talks at the Eighth Plenary Workshop of the Muon g-2 Theory Initiative

 ▉ Status of  measurement (this talk)


 ▉ Tau decays at Belle II and super tau-charm factory by Prof. Changzheng Yuan


 ▉ Belle-II plans for Transition Form Factor Measurements by Prof. Hisaki 
Hayashii

e+e− → π+π−(γ)

4

Introduction

https://indico.ijclab.in2p3.fr/event/11652/timetable/#11-belle-ii-on-tau-decays
https://indico.ijclab.in2p3.fr/event/11652/timetable/#47-belle-ii-plans


CMS ISR Energy (GeV)

ISR method and trigger in Belle II
Scan over masses of the hadronic system via initial state radiation (ISR)

 ▉ Fixed center-of-mass energy 


 ▉ Scan ,   is the ISR photon energy in c.m.s.

 ▉ Efficient L1 trigger for ISR events using ECL (cluster energy  2.0 GeV)


• Studied with independent track trigger for μμγ: 99.9% in barrel region 
 0.1% uncertainty

s ≈ 10.58 GeV

s′￼ = (1 − 2E*γ / s)s E*γ
≥

→

5

Not possible with Belle trigger!



 measurement at Belle IIe+e− → π+π−(γ)

 ▉ Reconstruction for R-ratio measurement

• 1 hard photon + 1 optional photon

• 2 tracks w/o particle identification (PID) in preselection


 ▉ Double kinematic fits for selecting signal events and 
disentangling QED corrections:

• “ISR” fit for all events after preselection


‣ 3 measured particles: 2 tracks and 

➡ ISR energy not used


‣ Assume 1 unmeasured photon (ISR) along beam 
directions


• “FSR” fit only for events with  reconstructed


‣ 4 measured particles: 2 tracks,  and 

➡ ISR energy not used


 ▉ PID to separate μμ/KK/ππ

γisr

γ2
γisr γ2

6

e− e+

γisr

π+π−

Only ISR fit

Events with no 
additional photon

e− e+

γisr

π+π−
γ2

ISR+FSR fit

Events with 
additional photon

Following BaBar’s original approach [Phys. Rev. D 86, 032013]



 ▉ Data set : 427 fb-1 (data taken before 2023)


 ▉ QED validation using 

 ▉ Target systematic uncertainty: 0.5%


• Relying on data-driven approaches for efficiency corrections

e+e− → μ+μ−(γ)

7

Following BaBar’s original approach [Phys. Rev. D 86, 032013]
 measurement at Belle IIe+e− → π+π−(γ)

ϵdata = ϵMC ( ϵdata

ϵMC )
trigger

( ϵdata

ϵMC )
χ2

( ϵdata

ϵMC )
PID

( ϵdata

ϵMC )
tracking



Status of  measuremente+e− → π+π−(γ)
Sanity check with 1.856 fb-1 data

 ▉ Preliminary selections: ISR in ECL inner barrel,  GeV, PID,  > 1 GeV,  cut onlyE*ISR > 2 Ptrack χ2
ISR

8

π+π−

μ+μ−

π+π−π0

K+K−

K0K̄0

e+e−

τ+τ−

γγ
qq̄
Data

π+π−

μ+μ−

π+π−π0

K+K−

qq̄

Data
llXX

Belle II preliminary

∫ Ldt = 1.856 fb−1

Reasonable data-MC agreement before any efficiency corrections

Belle II preliminary

∫ Ldt = 1.856 fb−1



Status of  measuremente+e− → π+π−(γ)
Sanity check with 1.856 fb-1 data
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Reasonable data-MC agreement before any efficiency corrections

Belle II preliminary  ∫ Ldt = 1.856 fb−1
Belle II Simulation  π+π−γisr Belle II Simulation  All background scaled to 1.856 fb-1 

 channelπ+π−

 ▉ Preliminary selections: ISR in ECL inner barrel,  GeV, PID,  > 1 GeV,  cut onlyE*ISR > 2 Ptrack χ2
ISR

PHOKHARA PHOKHARA, KKMC, PYTHIA and EvtGen



Status of  measuremente+e− → π+π−(γ)
Sanity check with 1.856 fb-1 data
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Reasonable data-MC agreement before any efficiency corrections

Belle II preliminary  ∫ Ldt = 1.856 fb−1
Belle II Simulation  μ+μ−γisr

 channelμ+μ−

 ▉ Preliminary selections: ISR in ECL inner barrel,  GeV, PID,  > 1 GeV,  cut onlyE*ISR > 2 Ptrack χ2
ISR

KKMC PHOKHARA, KKMC, PYTHIA and EvtGen

Belle II Simulation  All background scaled to 1.856 fb-1 



Status of  measuremente+e− → π+π−(γ)
Trigger study with  events and preliminary selectionse+e− → μ+μ−(γ)
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 ▉ Trigger efficiency study using orthogonal trigger lines

• Our ISR trigger: Total ECL energy above 1 GeV

• Reference trigger: At least one 3D track with p > 0.7 GeV in CDC 

• Trigger efficiency is then measured by:

Fig.1 The left figure represents the distribution of hie efficiency, where the reference trigger
bit is stt. For the right figure, ffo is the reference bit. The Exp < 16 is excluded.

Trigger efficiency validation using control sample di-muon process

The hie efficiency distribution as a function of 𝑠 for all experiments.

N: ~6 × 105 N: ~4 × 104
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ϵECL =
NECL⋂CDC

NCDC

~  events6 × 105

Belle II preliminary

 ▉ Great data efficiency but underestimated MC 
efficiency  using data efficiency directly→



Status of  measuremente+e− → π+π−(γ)
Optimizing  cuts using BDT resultsχ2
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 ▉ BDT trained only with the two 

 ▉ Approximate BDT by simple “linear cuts” for similar  and cut efficiency

χ2

S/ S + B

Signal MC: /  /π+π− μ+μ− K+K− Background MC



Status of  measuremente+e− → π+π−(γ)
PID study is ongoing

13

 ▉ PID variables in Belle II

• pionID = 

 
is under investigation


• The other solutions: binaryPID like 
, weightedPionID and 

Neural network based PID

 ▉ Tag and probe method to study the 

efficiency and mis-identification


• Use  and stringent PID cut for the tag


• Enhance pion purity with the  region

ℒπ /(ℒe + ℒμ + ℒπ + ℒK + ℒp + ℒd)

ℒπ /(ℒπ + ℒK)

χ2
ISR

ρ

ISR in CDC, 0.4< <2.5, and no PID cut on the probeθπ±

Belle II preliminary                          ∫ Ldt = 1.856 fb−1



Status of  measuremente+e− → π+π−(γ)
Promising tracking study: tracking inefficiency
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 ▉ Tracking inefficiency study with loose requirements (ISR in ECL inner barrel  in CDC, track P > 
0.5 GeV instead of 1 GeV)

• Inefficiency: 

→
Tracking: compute -measuredϵ

e+

• Atleast one reconstructed 
ISR Photon


•  > 2GeV

• In CDC Acceptance

ECM

e−

π±

γisr

• The : One track is selected with 
primary good track conditions

• P > 1GeV, 

• [dr < 0.1] and [abs(dz) < 5.0] 

• Theta in CDCAcceptance

• pValue > 0.0


π+( or −)

Event Selection Classification of two and one track events:

1. Is a 2-track event if both the tracks 

are reconstructed as good tracks. A 
good track is reconstructed with,

1.  > 1.0 GeV

2. dz < 5.0 cm

3. dr < 0.5 cm

4.  in CDCAcceptance

5. pValue > 0.0


2. Is a 1-track event if,

1. Event has one and only one good 

track reconstructed.

2. The other track either didn’t get 

reconstructed, or couldn’t qualify 
the good cut defination.

P

θ

Signal MC reco info
0-track events are not part of this study

Tag and probe method

• The recoil ( calculated by 1C fit) 
is required to have

• P > 1GeV,  

• Theta in CDCAcceptance

The inefficiency is defined as  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N(predicted)4
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2. The other track either didn’t get 

reconstructed, or couldn’t qualify 
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are reconstructed as good tracks. A 
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 Track loss due to shared hits on the drift chamber is confirmed using the e+e-→π+π-π0γ 
 Define Δ𝜑 ≔ 𝜑 𝜋+ − 𝜑(𝜋−)
 The Inefficiency due to track loss is given by  

◼ The track loss is 5.0% in data and 4.0% in MC

 In total, the correction factor for tracking is (-1.4±0.8)%.
◼ Dependency on no. of CDC hits and duplicated tracks are also studied. 

𝑓 = 𝑁 Δ𝜑<0 −𝑁 Δ𝜑>0
2𝑁 Δ𝜑<0

Δ𝜑 > 0Δ𝜑 < 0

Track loss

CD
C

ou
ter

fra
me

Δ𝜑

Tracking efficiency: Track loss

Δ𝜑 distribution in data

Δϕ ≡ ϕπ+ − ϕπ− > 0

CDC Acceptance

CDC Acceptance



Status of  measuremente+e− → π+π−(γ)
Promising tracking study: tracking inefficiency
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 ▉ Tracking inefficiency study with loose requirements (ISR in ECL inner barrel  in CDC, track P > 
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good track is reconstructed with,
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track reconstructed.
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Data-driven prediction
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• The : One track is selected with 
primary good track conditions
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• [dr < 0.1] and [abs(dz) < 5.0] 

• Theta in CDCAcceptance

• pValue > 0.0


π+( or −)

Event Selection Classification of two and one track events:

1. Is a 2-track event if both the tracks 

are reconstructed as good tracks. A 
good track is reconstructed with,

1.  > 1.0 GeV

2. dz < 5.0 cm

3. dr < 0.5 cm

4.  in CDCAcceptance

5. pValue > 0.0


2. Is a 1-track event if,

1. Event has one and only one good 

track reconstructed.

2. The other track either didn’t get 

reconstructed, or couldn’t qualify 
the good cut defination.
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The inefficiency is defined as  
 
1 − N(predicted and reconstructed)

N(predicted)
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Tag and probe method

• The recoil ( calculated by 1C fit) 
is required to have

• P > 1GeV,  

• Theta in CDCAcceptance

• Additional cut on primary 
track for high purity sample


•  < 0.9

• Cluster EoP < 0.74


• Additional Event cuts 
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Belle II Simulation

Tag , probe π+ π−
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 Track loss due to shared hits on the drift chamber is confirmed using the e+e-→π+π-π0γ 
 Define Δ𝜑 ≔ 𝜑 𝜋+ − 𝜑(𝜋−)
 The Inefficiency due to track loss is given by  

◼ The track loss is 5.0% in data and 4.0% in MC

 In total, the correction factor for tracking is (-1.4±0.8)%.
◼ Dependency on no. of CDC hits and duplicated tracks are also studied. 
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Status of  measuremente+e− → π+π−(γ)
Promising tracking study: tracking inefficiency
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 ▉ Understanding of the inefficiency peaks with  as the tag (probing )

• ISR in ECL inner barrel ( ) will reduce the inefficiency peak !

π+ π−

0.65 < θ < 2.16

IS
R

θ

of the two tracks

Due to track 
crossing

Low  of the probepT

1.0 <  < 1.7θISRBelle II Simulation
Belle II Simulation



Status of  measuremente+e− → π+π−(γ)
Promising tracking study: tracking inefficiency
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 ▉ Tracking inefficiency study with ISR in ECL inner barrel region and track P > 1 GeV

• Good agreement between the data-driven approach and the MC-based one

Belle II Simulation Belle II Simulation



Status of  measuremente+e− → π+π−(γ)
Promising tracking study: correlated track loss
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 ▉ Correction factor 


• , ,  are number of events with zero, one and two tracks


•  , with N estimated by lifting track cuts for the tag

f0 =
N0

N
−

N2
1

4NN2

N0 N1 N2
N = N0 + N1 + N2

ππγISR μμγISR

Main sample:- used 2 reconstructed tracks sample with

1. Both tracks: p > 1GeV,  in CDC,  (or, ) < 3.5 GeV

2.  : inCDC with  > 2GeV

θ Mππ Mμμ

γisr ECM

data-driven method

Subset for data-driven:-

•   cut: dr < 0.1cm  

 = n particles 
          in  the 
          subset

Nn

13

Tracking inefficiency: correlated 2-track loss
Signal MC, exp12   54≈ fb−1

Belle II PreliminaryBelle II Preliminary

Effects are well  
modelled in the MC.

μ+μ−π+π−

 ▉ Ongoing studies: 

• inefficiency caused by extra track reconstruction

• Background subtraction and efficiency 

projection using data from the  regionρ

ISR in CDC

 > 1 GeVPπ±

Belle II Simulation Belle II Simulation



Status of  measuremente+e− → π+π−(γ)
Blinding strategy

 ▉ Current status:

• Tracking, PID and  study are only using MC for now

• Trigger study already checked  data but with preliminary 

selections


 ▉ Several strategies with varying blinding levels are under discussion, 
considering factors like effectiveness, complexity, and necessity.

χ2

e+e− → μ+μ−(γ)
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  Backup slides



Summary

 ▉ Successful sanity check with 1.856 fb-1 data out of 427 fb-1


• Reasonable data-MC agreement even without any efficiency correction

 ▉ Trigger study (preliminary selection) with muons confirmed 99% efficiency in data 

 ▉ Optimizing the 2D  cut using BDT with an approximated cut shape

 ▉ PID performance is being studied with “tag and probe” method 
 ▉ Single track inefficiency and correlated track loss have been studied with MC


• Good agreement between the data-driven approach and the MC-based one


• Ready to check data after the blinding strategy is settled

 ▉ Target systematic uncertainty: ~ 0.5%

χ2

20



Thanks!
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Backup
Preliminary selection (not optimized yet)
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Status of  measuremente+e− → π+π−(γ)
Sanity check with 1.856 fb-1 data

 ▉ Preliminary selections: ISR in ECL barrel,  GeV, PID, p > 1 GeV,  cut onlyE*ISR > 2 χ2
ISR

23

Belle II preliminary                ∫ Ldt = 1.856 fb−1 Belle II preliminary                ∫ Ldt = 1.856 fb−1



Status of  measuremente+e− → π+π−(γ)
Sanity check with 1.856 fb-1 data

 ▉ Preliminary selections: ISR in ECL barrel,  GeV, PID, p > 1 GeV,  cut onlyE*ISR > 2 χ2
ISR
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Belle II preliminary                ∫ Ldt = 1.856 fb−1 Belle II preliminary                ∫ Ldt = 1.856 fb−1
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Status of  measuremente+e− → π+π−(γ)
Trigger study with  events and preliminary selectionse+e− → μ+μ−(γ)

Trigger efficiency validation using control sample di-muon process

The hie trigger efficiency (0 < 𝑀𝜇𝜇 < 1.0 GeV/𝑐2)

3



 and  
signalMC full 
 exp12

ππγ μμγ

Strategy 2: 
Scalling the MC

Ratio of the R values

Unaltered

Scalling functions

6

s′￼

Status of  measuremente+e− → π+π−(γ)
Blinding strategy

 ▉ Current status:

• Tracking, PID and  study are only using MC for now

• Trigger study already checked  data but with preliminary selections

χ2

e+e− → μ+μ−(γ)
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 ▉ Several strategies with varying blinding levels are under 
discussion (effectiveness, complexity, necessity , …, etc)

• Apply a hidden scale or removal factor at the 

reconstruction or analysis level 
• Scale the MC with an arbitrary factor for each study  

offset on data-to-MC ratios

• Manipulate mass spectra simultaneously (mass 

dependent scale/removal) for both data and MC  blind 
the cross-section, ensuring similar data-to-MC ratios to 
the unblinded data


• …

→

→

Modified R value / default
Shape controlled by 
blinded parameters


