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BaBar detector and dataset
• Experiment collected ∫ℒ :; ≈ 550 ?b#A between 1999 and 2008, mostly on 

Υ 4D resonance at 10.58 GeV

• Asymmetric beam energies: CM is boosted.

Good acceptance for final states with ISR 

off !# beam

• Special run in 2007-08 with single photon

trigger had ∫ℒ :; = 53 ?b#A; essential

for searches with invisible final states
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Babar and Belle achievements
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Some B-factory physics milestones

4>100 unique CPV results ~350 papers published after shutdown, 30 in 2018

Exotic hadrons

1st dark searches

Excess in
!" → $(∗)(*̅

Time rev. 
asym.

Charged exotic 
hadrons Kobayashi, Maskawa

nobel prize in 2008



• Electron-positron collider situated at KEK (Tsukuba, Japan), upgrade of  KEKB

• e+e- (4 GeV + 7 GeV) → BB mainly at √scm=10.58 GeV (peak of  ϒ(4S) resonance)

SuperKEKB

–

Belle II
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• B-factory (109 pairs per ab-1)
• tau and charm factory (109 pairs per ab-1)

𝑞"𝑞 𝑝𝑎𝑖𝑟𝑠 (𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑢𝑚)



From KEKB to SuperKEKB

Factor ~ 40-50 in the luminosity
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Nano-beam scheme firstly proposed by P. Raimondi for SuperB

- Radiation damage
- Occupancy in inner detectors 
- Fake hits and pile-up

Higher backgrounds

Radiative Bhabha

Touschek 

Beam-gas 2-photon-processes



From Belle to Belle II

Belle Upgrade:

- Extended VXD region: PXD
and SVD (silicon pixel and strips
detectors)

- Extended Drift Chamber region

- ECL: CsI(Tl) crystals. New
electronics (waveform sampling
and fitting)

- TOP and ARICH detectors:
better hermeticity with new PID
detector in the forward region

- KLM detector: RPCs and
scintillators (some RPCs layers
substituted with scintillators to resist
neutron background)
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• improved IP and secondary vertex resolution
• better K/π separation and flavor tagging
• robust against machine background
• higher KS, π0 and slow pions reconstruction efficiency

*only 1 PXD layer installed in 2019

*
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Unique capabilities of
e+e- B factories

• Beam energy constraint: can be adjusted for 
different resonances ϒ(nS) 

• Clean experimental environment: high B, D, K, 
t lepton and neutral final states reconstruction 
efficiency. 

• BB produced in quantum correlated state: 
high flavour tagging efficiencies (36% vs 3% 
@LHCb)

𝑝/ = 𝑝1213 − 𝑝5678 − 𝑝59:8

Reconstruction of  channels 
with missing energy

Missing E
(n)

Bsig → tn
candidate
event

Bsig
Btag

The full reconstruction of  one B (Btag) 
constraints the 4-momentum of  the other (Bsig)



Tag side reconstruction: 
Full Event Interpretation (FEI)
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21/10/19

• It is a development of the Full Reconstruction (FR)
used in Belle, and uses a multivariate technique to
reconstruct the B-tag side (semileptonic or hadronic)
through O(103) decay modes in a Y(4S) decay.
• Tested on Belle II early data

Belle FR: NIM A 654, 432-440 (2011)
Belle II FEI: Keck, T., Abudinén, F., Bernlochner, F.U. et al. Comput Softw Big Sci (2019) 3: 6. 
https://doi.org/10.1007/s41781-019-0021-8
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Tag algorithm Efficiency
B±/B0 (%)

Purity (%)

BaBar (SER) 0.4/0.2 30

Belle (FR) 0.28/0.18 10

Belle II (FEI) 0.76/0.46 10

Performances with hadronic tag

−

B-meson decays

A. Soffer, Taipei 2019 29

BELLE2-NOTE-PL-2019-026

• !" → $%&%'"
(See additional B decays in talks by A. Gaz and A. Ishikawa)

Δ) ≡ )+∗ − ./2 123 ≡ '
4 − 5+

∗ 6

https://doi.org/10.1007/s41781-019-0021-8


Belle II status and recent results

8

8

• Phase 1 (2016-2018): no collisions, beam background studies
• Phase 2 (2018): collisions, no vertex detector, dark sector studies
• Phase 3 (2019-2027): full detector, superKEKB peak luminosity
in 2019 1.2× ⁄10AB 𝑐𝑚C D 𝑠 (half of the KEKB peak)

Track 
impact 
parameter

𝑱/𝝍 → 𝒆J𝒆K

𝑩 → 𝑫𝟎𝑲
rediscovery

𝑩𝟎 → 𝑫∗𝝁𝝂

21/10/19

𝑱/𝝍 → 𝝁J𝝁K
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LFV, LFU, rare decays

• Semileptonic B decays with missing energy
• 𝐵 → 𝑋ℓ𝜈,measurement of  𝑅 𝐷 , 𝑅 𝐷∗

• FCNC B decays with leptons in the final state
• 𝐵 → 𝑋ZℓJℓK,measurement of 𝑅 𝐾 , 𝑅 𝐾∗ , 𝑃]^

• Tau lepton decays
• 𝜏 → 3ℓ, 𝜏 → ℓ𝛾, 𝜏 → ℓℎ

Other channels as 𝐵 → 𝐾(∗)𝜈�̅�, 𝐵 → ℓ𝜈 (𝛾) in the backup slides

Belle II physics reach projections summarized in the 
Belle II Physics Book 

(https://arxiv.org/abs/1808.10567, soon available on PTEP) 21/10/19

https://arxiv.org/abs/1808.10567
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Figure 61: Combined average on |Vub| and |Vcb| including the LHCb measurement of |Vub|/|Vcb|,
the exclusive |Vub| measurement from B ! ⇡`⌫, and |Vcb| measurements from both B ! D⇤`⌫
and B ! D`⌫. The dashed ellipse corresponds to a 1� two-dimensional contour (68% of CL).
The point with the error bars corresponds to the inclusive |Vcb| from the kinetic scheme (Sec.
6.2.2), and the inclusive |Vub| from GGOU calculation (Sec. 6.4.3).

and presented in Figures 62 and 63. In the B0
! ⇢�`+⌫ average, both the B0

! ⇢�`+⌫ and
B+

! ⇢0`+⌫ decays are used, where the B+
! ⇢0`+⌫ are rescaled by 2⌧B0/⌧B+ assuming the

isospin symmetry. For B+
! !`+⌫ and B+

! ⌘`+⌫ decays, the agreement between the different
measurements is good. B+

! ⌘0`+⌫ shows a discrepancy between the old CLEO measurement
and the BABAR untagged analysis, but the statistical uncertainties of the CLEO measurement
are large. The B0

! ⇢`+⌫ results, instead, show significant differences, in particular the BABAR
untagged analysis gives a branching fraction significantly lower (by about 2�) that the Belle
measurement based on the hadronic-tag. A possible reason for such discrepancy could be the
broad nature of the ⇢ resonance that makes the control of the background under the ⇢ mass
peak more difficult in the untagged analysis than in the hadronic-tag analysis.

We do not report |Vub| for these exclusive charmless decays, because the form factor cal-
culations have not yet reached the precision achieved for B ! ⇡`⌫ decays. Unquenched lattice
QCD calculations of the form factors are not available for these decays, but LCSR calculations
exist for all these decay modes. The most recent of these calculations for the B ! ⇢`⌫ and
B ! !`⌫ decays are reported in Ref. [542] and [543].

168

10

Clear test of the SM LFU: NP (charged
Higgs in 2HDM models or
Leptoquarks) can affect the BR, the
tau polarization Pt and |Vcb|

Semileptonic decays: B → D(*)tn 
and B → D(*)ln 

Advantages of measuring R(D(*)):
- experimentally we eliminate the uncertainties on the tagging efficiencies
- theoretically we eliminate the uncertainties on |Vcb| and on the semileptonic

form factors→ complementary to the inclusive / exclusive searches

Inclusive vs exclusive tension

arXiv:1909.12524
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FIG. 2. EECL fit projections and data points with statistical uncertainties in the D+`� (top) and D0`� (bottom) samples, for
the full classifier region (left) and the signal region defined by the selection class > 0.9 (right).
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• Simultaneous fit to the EECL distribution of  the 
signal (D(*)tn) and normalization modes (D(*)ℓn)

Belle measurements of R(D(*))

Signal and normalization separation is based mainly on the 
missing mass and the angle between B meson and D(*)l system

12
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FIG. 5. Classifier fit projections and data points with statistical uncertainties in the D⇤+`� (top) and D⇤0`� (bottom) samples,
are shown for the full EECL region (left) and the signal region defined by the selection EECL < 0.48 GeV (right).
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FIG. 6. Fit results are shown on a R(D) vs. R(D⇤) plane together with the most up-to-date Belle results on R(D) and R(D⇤)
performed with an hadronic tag [12, 14]. The latter results are combined with this measurement to provide the preliminary Belle
combination, also shown in the plot. The yellow band and the blue and green ellipses are 1� contours, while red ellipses provide
averaged results up to 3� contours. The SM expectations have values R(D)SM = 0.299±0.003 and R(D⇤)SM = 0.258±0.005 [9].
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FIG. 3. EECL fit projections and data points with statistical uncertainties in the D⇤+`� (top) and D⇤0`� (bottom) samples,
are shown for the full classifier region (left) and the signal region defined by the selection class > 0.9 (right).
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FIG. 3. EECL fit projections and data points with statistical uncertainties in the D⇤+`� (top) and D⇤0`� (bottom) samples,
are shown for the full classifier region (left) and the signal region defined by the selection class > 0.9 (right).

signal regionD*0ℓ

signal regionD0ℓ

EECL is the extra energy left in the calorimeter 
after the signal and tag B are reconstructed

New Belle combination is 
2s from the SM

arXiv:1904.08794 (2019) SL tag

21/10/19

https://arxiv.org/abs/1904.08794
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Current combination: 3.1σ from the SM

R(D(*)) Belle II projections

50 ab-1 projection
of  q2 spectrum in 
B → D(*)tn

− 𝐍𝐏 𝐇± 𝐭𝐲𝐩𝐞 𝐈𝐈 𝐚𝐭
⁄𝒕𝒂𝒏𝜷 𝒎𝑯± = 𝟎. 𝟓(𝑮𝒆𝑽/𝒄𝟐)K𝟏

- Pseudo-data SMProjections based
on Belle SL tag
measurement
(before 2019)

Main systematics: D** modelling, soft
pions, yield of fake D* candidates. Studies
of B → D**ln and B → D**tn planned

Differential distributions can
be measured to constrain NP

World average Belle II projection
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FCNC B → Xsℓℓ

∘ Start with b→s γ , pay a factor αEM =
1

137
→ Decay the γ into 2 leptons

∘ Add an interfering box diagram
→ b→l l s, very rare in the SM

B(B→l lK
*) = (3.3± 1.0) . 10−6

∘ Sensitive to Supersymmetry , Any
2HDM, Fourth generation , Extra

dimensions , Axions...

∘ Ideal place to look for new physics

b→sl+ l−

33

• Very rare in the SM: 𝔅(B→K(*)ll) ~ 10−(6-8) 

• Sensitive to NP (supersymmetry, 2HDM 
models, fourth generation, extra dimensions...)

1 Introduction

Flavour-Changing Neutral Currents (FCNC) have been prominent tools in high-energy

physics in the search for new degrees of freedom, due to their quantum sensitivity to

energies much higher than the external particles involved. In the current context where

the LHC has discovered a scalar boson completing the Standard Model (SM) picture but

no additional particles that would go beyond this framework, FCNC can be instrumental

in order to determine where to look for New Physics (NP). One particularly interesting

instance of FCNC is provided by b ! s`` and b ! s� transitions, which can be probed

through various decay channels, currently studied in detail at the LHCb, CMS and AT-

LAS experiments. In addition, in some kinematic configurations it is possible to build

observables with a very limited sensitivity to hadronic uncertainties, and thus enhancing

the discovery potential of these decays for NP, based on the use of e↵ective field theories

adapted to the problem at hand. Finally, it is possible to analyse all these decays using a

model-independent approach, namely the e↵ective Hamiltonian [1,2] where heavy degrees

of freedom have been integrated out in short-distance Wilson coe�cients Ci, leaving only

a set of operators Oi describing the physics at long distances:

He↵ = �4GFp
2
VtbV

⇤
ts

X

i

CiOi (1)

(up to small corrections proportional to VubV ⇤
us

in the SM). In the following, the factori-

sation scale for the Wilson coe�cients is µb = 4.8 GeV. We focus our attention on the

operators

O7 =
e

16⇡2
mb(s̄�µ⌫PRb)F

µ⌫ , O70 =
e

16⇡2
mb(s̄�µ⌫PLb)F

µ⌫ ,

O9 =
e2

16⇡2
(s̄�µPLb)(¯̀�

µ`), O90 =
e2

16⇡2
(s̄�µPRb)(¯̀�

µ`),

O10 =
e2

16⇡2
(s̄�µPLb)(¯̀�

µ�5`), O100 =
e2

16⇡2
(s̄�µPRb)(¯̀�

µ�5`), (2)

where PL,R = (1 ⌥ �5)/2 and mb ⌘ mb(µb) denotes the running b quark mass in the

MS scheme. In the SM, three operators play a leading role in the discussion, namely

the electromagnetic operator O7 and the semileptonic operators O9 and O10, di↵ering

with respect to the chirality of the emitted charged leptons (see Ref. [3] for more detail).

NP contributions could either modify the value of the short-distance Wilson coe�cients

C7,9,10, or make other operators contribute in a significant manner (such as O70,90,100 defined

above, or the scalar and pseudoscalar operators OS,S0,P,P 0).

Recent experimental results have shown interesting deviations from the SM. In 2013,

the LHCb collaboration announced the measurement of angular observables describing

the decay B ! K⇤µµ in both regions of low- and large-K⇤ recoil [4]. Two observables, P2

and P 0
5 [5–7], were in significant disagreement with the SM expectations in the large-K⇤

3

Ci : Wilson coefficients, 
encode short distance physics
Oi : Operators describing 
long-distance physics

Sensitivity to new physics in rare B decays
M.Ciuchini et al , arXiv :1512.07157
T .Hurth et al , arXiv :1603.00865
S.Descotes-Genon et al , arXiv :1510.04239...

NP changes short -distance Ci

and/or add new long- distance ops O'i

23
• Measurement of  parameters related to angular

distributions of  the decay products (𝑷𝟓^ , 𝑸𝟓 = 𝑷𝟓^𝒆 − 𝑷𝟓
^𝝁)

(see Ben Grinstein’s plenary talk for details)

• Experimentally we measure the ratios: 

𝑹𝑲
∗ =

𝕭(𝑩 → 𝑲 ∗ 𝝁J𝝁K)
𝕭(𝑩 → 𝑲 ∗ 𝒆J𝒆K)

• Effective, model independent, hamiltonian:

𝑩 → 𝑲∗𝜸



B-meson decays
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• !" → $%&%'"
(See additional B decays in talks by A. Gaz and A. Ishikawa)
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FCNC B → K(*)ℓℓ: recent Belle studies

• B → K*ℓℓ

• B → Kℓℓ

6
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FIG. 1. Results of the signal yield fit to the Mbc distributions
for the electron (left) and muon (right) modes for q2 > 0.045
GeV2/c4. Combinatorial (dashed blue), signal (red filled),
charmonium (dashed green), peaking (purple dotted) and to-
tal (solid) fit distributions are superimposed on data (points
with error bars).

glects contributions from the B ! K⇤`` channel in the
J/ control region. The input distributions used by the
top-level neural network classifiers are compared between
data and simulation, and no significant di↵erences are
found. In order to estimate a systematic uncertainty due
to the classifier response, the B ! J/ K⇤ branching
fraction is obtained in bins of the classifier output and
compared to the nominal result. The obtained di↵er-
ences are propagated as weights to data in all fits to Mbc

distributions, and changes in the resulting signal yields
are taken as systematics. Further systematic uncertain-
ties relate to tracking e�ciency and limited MC statis-
tics. E↵ects due to migration of events between di↵er-
ent q2 regions are studied using MC events and found
to be negligible. In case of results for the full region of
q2 > 0.045 GeV2/c4, di↵erent veto regions for the elec-
tron and muon channels need to be accounted for in the
determination of reconstruction e�ciency. This intro-
duces model dependence to our signal simulation, which
uses form factors from Ref. [20]. All systematic uncer-
tainties described above are listed in Table I.

In the range q2 > 0.045 GeV2/c4 we find 103.0+13.4
�12.7

(139.9+16.0
�15.4) events in the electron (muon) channels. Ex-

ample fits are presented in Figure 1. Using the fitted
signal yields we construct the lepton flavor universal-
ity ratio RK⇤ for all signal channels combined, as well
as separate ratios for the B0 and B+ decays, RK⇤0 and
RK⇤+ . Our measurement of RK⇤+ is the first ever per-
formed. Results are shown in Table II and Figure 2. All
measured values are consistent with the SM expectation
[21, 22]. Past measurements of b ! s`+`� mediated de-
cays, which are in tension with SM predictions, can be fit
with new physics models that predict RK⇤ values smaller
than unity [22]. The Belle II experiment [23, 24] is ex-
pected to record a 50 times larger data sample than Belle,
which will help clarify the role of physics beyond the SM
in b ! s`+`� transitions.

We thank the KEKB group for excellent operation
of the accelerator; the KEK cryogenics group for ef-
ficient solenoid operations; and the KEK computer
group, the NII, and PNNL/EMSL for valuable com-
puting and SINET5 network support. We acknowl-
edge support from MEXT, JSPS and Nagoya’s TL-
PRC (Japan); ARC (Australia); FWF (Austria); NSFC
and CCEPP (China); MSMT (Czechia); CZF, DFG,
EXC153, and VS (Germany); DST (India); INFN
(Italy); MOE, MSIP, NRF, BK21Plus, WCU and RSRI
(Korea); MNiSW and NCN (Poland); MSHE, Agree-
ment 14.W03.31.0026 (Russia); ARRS (Slovenia); IKER-
BASQUE and UPV/EHU (Spain); SNSF (Switzerland);
MOE and MOST (Taiwan); and DOE and NSF (USA).

[1] S. Wehle et al. (Belle Collaboration), Phys. Rev. Lett.
118, 111801 (2017), arXiv:1612.05014 [hep-ex].

[2] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett.
113, 151601 (2014), arXiv:1406.6482 [hep-ex].

[3] R. Aaij et al. (LHCb Collaboration), JHEP 02, 104
(2016), arXiv:1512.04442 [hep-ex].

[4] R. Aaij et al. (LHCb Collaboration), JHEP 08, 055
(2017), arXiv:1705.05802 [hep-ex].

[5] J. P. Lees et al. (BaBar Collaboration), Phys. Rev. D86,
032012 (2012), arXiv:1204.3933 [hep-ex].

[6] G. Hiller and M. Schmaltz, JHEP 02, 055 (2015),
arXiv:1411.4773 [hep-ph].

[7] C. Bouchard et al. (HPQCD Collaboration), Phys. Rev.
Lett. 111, 162002 (2013), arXiv:1306.0434 [hep-ph].

[8] A. Abashian et al. (Belle Collaboration), Nucl. Instrum.
Methods Phys. Res., Sect. A 479, 117 (2002); also see
the detector section in J.Brodzicka et al., Prog. Theor.
Exp. Phys. 2012, 04D001 (2012).

[9] S. Kurokawa and E. Kikutani, Nucl. Instrum. Methods
Phys. Res., Sect. A 499, 1 (2003), and other papers in-
cluded in this Volume; T.Abe et al., Prog. Theor. Exp.
Phys. 2013, 03A001 (2013) and references therein.

[10] D. J. Lange, Nucl. Instrum. Methods Phys. Res., Sect.
A: 462, 152 (2001).
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K*ee K*µµ • Signal extraction with fit to Mbc distributions
• Dominant background: combinatorial
• Peaking background: charmonium J/yK*

• Main systematics: lepton efficiency and 
peaking background

combinatorial

• Signal extraction with 3D fit to 
Mbc, DE, NN discriminant

• NN discriminant built using 
kinematic and angular variables

• Main systematics: lepton 
identification, B counting,   
NN discriminant
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FIG. 1: Signal enhancedMbc (left), ∆E (middle), and O
′ (right) projections of three-dimensional unbinned extended maximum-

likelihood fits to the data events that pass the selection criteria for B+
→ K+µ+µ− (top), and B+

→ K+e+e− (bottom).
Points with error bars are the data; blue solid curves are the fitted results for the signal-plus-background hypothesis; red dashed
curves denote the signal component; cyan big dashed, green dashed-dotted, and black dashed curves represent continuum, BB̄
background, and B → charmless decays, respectively.
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FIG. 2: Signal enhancedMbc (left), ∆E (middle), and O
′ (right) projections of three-dimensional unbinned extended maximum-

likelihood fits to the data events that pass the selection criteria for B0
→ K0

Sµ
+µ− (top), and B0

→ K0
Se

+e− (bottom). The
legends are the same as in Fig. 1.
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(See additional B decays in talks by A. Gaz and A. Ishikawa)
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FCNC B → K*ℓℓ: summary
and projections

9 Radiative and Electroweak Penguin B Decays

Table 67: The Belle II sensitivities to B ! K(⇤)`+`� observables that allow to test lepton

flavour universality. Some numbers at Belle are extrapolated to 0.71 ab�1.

Observables Belle 0.71 ab�1 Belle II 5 ab�1 Belle II 50 ab�1

RK ([1.0, 6.0] GeV2) 28% 11% 3.6%

RK (> 14.4 GeV2) 30% 12% 3.6%

RK⇤ ([1.0, 6.0] GeV2) 26% 10% 3.2%

RK⇤ (> 14.4 GeV2) 24% 9.2% 2.8%

RXs
([1.0, 6.0] GeV2) 32% 12% 4.0%

RXs
(> 14.4 GeV2) 28% 11% 3.4%

QFL
([1.0, 2.5] GeV2) 0.19 0.063 0.025

QFL
([2.5, 4.0] GeV2) 0.17 0.057 0.022

QFL
([4.0, 6.0] GeV2) 0.14 0.046 0.018

QFL
(> 14.2 GeV2) 0.088 0.027 0.009

Q1 ([1.0, 2.5] GeV2) 0.59 0.24 0.078

Q1 ([2.5, 4.0] GeV2) 0.53 0.21 0.071

Q1 ([4.0, 6.0] GeV2) 0.43 0.17 0.057

Q1 (> 14.2 GeV2) 0.33 0.12 0.040

Q2 ([1.0, 2.5] GeV2) 0.32 0.12 0.040

Q2 ([2.5, 4.0] GeV2) 0.30 0.11 0.036

Q2 ([4.0, 6.0] GeV2) 0.24 0.090 0.029

Q2 (> 14.2 GeV2) 0.086 0.034 0.011

Q3 ([1.0, 2.5] GeV2) 0.32 0.12 0.040

Q3 ([2.5, 4.0] GeV2) 0.30 0.11 0.036

Q3 ([4.0, 6.0] GeV2) 0.24 0.090 0.029

Q3 (> 14.2 GeV2) 0.18 0.068 0.022

Q4 ([1.0, 2.5] GeV2) 0.50 0.18 0.056

Q4 ([2.5, 4.0] GeV2) 0.45 0.15 0.049

Q4 ([4.0, 6.0] GeV2) 0.34 0.12 0.040

Q4 (> 14.2 GeV2) 0.26 0.099 0.032

Q5 ([1.0, 2.5] GeV2) 0.47 0.17 0.054

Q5 ([2.5, 4.0] GeV2) 0.42 0.15 0.049

Q5 ([4.0, 6.0] GeV2) 0.34 0.12 0.040

Q5 (> 14.2 GeV2) 0.23 0.088 0.027

Q6 ([1.0, 2.5] GeV2) 0.50 0.17 0.054

Q6 ([2.5, 4.0] GeV2) 0.45 0.15 0.049

Q6 ([4.0, 6.0] GeV2) 0.36 0.12 0.040

Q6 (> 14.2 GeV2) 0.27 0.10 0.032

Q8 ([1.0, 2.5] GeV2) 0.51 0.19 0.061

Q8 ([2.5, 4.0] GeV2) 0.47 0.17 0.056

Q8 ([4.0, 6.0] GeV2) 0.38 0.14 0.045

Q8 (> 14.2 GeV2) 0.27 0.10 0.032

245/688

21/10/19

• Differential distributions in q2 (dilepton invariant mass squared)
• Latest Belle result closer to the SM expectation (~1)
• Measurements still dominated by statistical uncertainty 
• Inclusive studies of  B → Xsℓℓ possible: reduce hadronic uncertainties

arXiv:1904.02440 (Belle 2019) arXiv:1908.01848 (Belle 2019) 

Belle II 
projections



Differential LFU tests for B→ K(∗)ℓℓ

• Determine flavour dependent angular coefficient difference:
Qi = P′i,µ − P′i,e.

• Sensitivity to NP in Q5, errors dominated by statistics.

• Modeling of QED radiation / bin-to-bin migrations may start
play a role with improved stats.

(Note that the measurement is presented for two different binning schemes, the measurement for

the 1 < q2 < 6 GeV2 bin is correlated with measurements in the overlaping bins.)

PRL118, 111801 (2017).

19

16

FCNC B → Xsℓℓ:
perspectives on C9, P5’

PRL118, 111801 (2017) • Angular variables sensitive to NP
• LHCb measurement dominated by systematics
• Exploit Full Event Interpretation to perform fully 

inclusive searchesNew Physics in b ! s`+`�

Andrzej Bożek IFJ PAN, Kraków Belle II first results and prospects for LFU tests, Puerto de la Cruz, Sep 23-28, 201926 / 40

5s confirmation of  
NP possible with     
20 ab-1 at Belle II 

impact on the previous discussion concerning the cancellation of hadronic uncertainties,

which will then be only approximate.

In order to illustrate the interest of the various observables, in addition to the SM,

we consider several NP benchmark scenarios corresponding to the best-fit points for hy-

potheses with a large pull in the global analysis of Ref. [21] (with NP contributions in

b ! sµµ but not in b ! see). We follow the same approach as in Ref. [21] and com-

pute the various observables following the definition of binned observables in App. B. The

results are shown in App. C and in Figs. 1-8.

In the SM, Qi, Ti and Bi are expected to be close to zero, as shown in App. C. The

binned observables B5 and B6s are actually di↵erent from zero due to the kinematic factors

�2
µ and �2

e in the transversity amplitudes – one could imagine measuring the binned values

of J `
5,6s/�

2
` and checking that the values for both lepton flavours are indeed identical. The

di↵erence between �µ and �e becomes less relevant for large q2 (above 2.5 GeV2), leading

to B5 and B6s decreasing in magnitude and getting closer to each other. In the same

region, M becomes larger as it involves the di↵erence B5�B6s in the denominator. In the

presence of NP a↵ecting di↵erently C9µ and C9e, B5 and B6s are di↵erent over the whole

kinematic range. In the SM, the binned version of M is charm dependent due to �µ/�e

terms. In the presence of LFNU in C9, it is interesting to focus instead on the observable
fM , which is not a↵ected by lepton-mass e↵ects and is essentially charm independent

at very low-q2. If there are NP contributions in other Wilson coe�cients, the situation

becomes more complicated concerning the charm dependence of the observables. In the

remainder of this Section we will identify patterns based on the set of Qi and Q̂i, and we

will describe a very promising test based on B5, B6s and M .

The observables Q̂i (see Figs. 1-8) show specific patterns for the di↵erent scenarios

considered here:

• Scenario 1: CNP
9µ = �1.1. Both Q̂2 and Q̂5 are a↵ected significantly, especially

the latter. The most interesting region is q2 & 6GeV2, taking into account that

these observables receive essentially no charm contributions in the SM. No deviation

should be observed in Q̂1 or Q̂4 in the same region within this scenario (see the

discussion in Section 2 concerning the sensitivity of P 0
4 to C9).

• Scenario 2: CNP
9µ = �CNP

10µ = �0.65. Within this scenario Q̂2 and Q̂5 show milder

deviations, especially in the bin 6-8 GeV2 where they are expected to be SM-like

(contrary to Scenario 1). Indeed, the constraint from Bs ! µµ on C10µ reduces the

allowed size of the deviation in C9µ in this particular scenario. On the contrary, Q̂4

could be particularly interesting in the region below 6 GeV2 with a q2-dependence

rather di↵erent from Scenario 1. No deviation is expected in Q̂1.

• Scenarios 3 and 4: CNP
9µ = �C 0

9µ = �1.07 and CNP
9µ = �C 0

9µ = �1.18, CNP
10µ =

C 0
10µ = 0.38 respectively. Both scenarios are quite di�cult to distinguish using

these observables. They have implications in all four relevant observables Q̂1,2,4,5.

9
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LFV in tau decays

21/10/19

• LFV in tau decays is a clear test of  the SM: expected BR ~ 10-45

(NP predicts BR up to 10-8)

• Searches in different channels may provide discrimination among 
NP models 

(M.Blanke, et al., JHEP 0705, 013(2007), C.Yue, et al.,PLB547, 252 (2002)) 

Search for tau LFV
• Lepton Flavor Violation (LFV) is highly suppressed in the Standard 

Model (SM) even if neutrino oscillation is taken
– Br < O(10-10~45) => Experimentally unreachable

• Lepton Number Violation (LNV) is also strongly suppress in SM
– Observation of LNV will hint at light NP scale

• Many extensions to SM predict to enhance LFV to be 
Expected to be investigated by real experiments: Br ~ O(10-8)

• Tau lepton - the heaviest charged lepton coupling to the NP
=> Many possible LFV decay modes related to the NP models

5

Standard Model SUSY

𝑙+

ℎ+

ℎ−

𝜈𝑁

Right handed
Majorana 𝝂

Tau LFV and LNV at Belle II

𝜏−

Predicted BF in various models
• Ratio of Tau LFV decay BF provides discrimination of NP models

Tau LFV and LNV at Belle II 6

SUSY+GUT 
(SUSY+Seesaw) 

Higgs 
mediated 

Little Higgs non-universal 
Z’ boson 

𝜏 → 𝜇𝜇𝜇
𝜏 → 𝜇𝛾 ~2×10-3 0.06~0.1 0.4~2.3 ~16

𝜏 → 𝜇𝑒𝑒
𝜏 → 𝜇𝛾 ~1×10-2 ~1×10-2 0.3~1.6 ~16

Br (𝜏 → 𝜇𝛾) < 10-7 < 10-10 < 10-10 < 10-9

• It is important to search for various kinds of 𝜏 LFV
=> Almost all decay modes are studied using the Belle data

(M.Blanke, et al., JHEP 0705, 013(2007), C.Yue, et al.,PLB547, 252 (2002))

Favorite modes 𝜏 → 𝜇𝜇𝜇𝜏 → 𝜇𝛾



Upper limits at (Super) B factories

22
The Belle II Physics Book arXiv:1808.10567

• Current estimation with Belle II final statistics : ~10-2 lower
=> Several models are expected to be investigated in in Belle II !

Tau LFV and LNV at Belle II

18

Upper limits on tau LFV modes

21/10/19

At Belle II an improvement of  2 orders of  magnitude is 
expected with full dataset
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Conclusions

• Within the next three-five years of data taking Belle II will collect 5-20 ab-1

and will be able to address the Lepton Flavour Universality Violation by
precisely measuring R(D(*)), R(K(*)), P5’

• With full dataset Belle II will also be able to potentially discover LFV in the
tau lepton sector

• In addition Belle II will also have the sensitivity to shed light on anomalies in
the 𝐵 → 𝑋�ℓ𝜈 decays and investigate other rare processes suppressed in the
SM (𝐵 → ℓ𝜈, 𝐵 → 𝐾(∗)𝜈�̅�, 𝐵 → 𝜈�̅�, etc.)

Summary

The Status and First Results from Belle II 12

• The Belle II experiment at SuperKEKB is a powerful tool to find a sign of  new physics 
beyond the SM by precision measurement of huge statistics of heavy flavor decays.

•    From last year,  Belle II physics run has started 
– First physics results: re-discovery of B meson, Z’ , B mixing,
– Full event interpretation. 
– From this Oct., Autumn beam operation will start 

(current value: 2mm)

Belle+Babar :  1.6 ab-1

Labels (incl. some dreams)
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Thanks !



Backup

21/10/19
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- Belle II first data (22-23)
- FEI Calibration (24)
- B -> Xu,clnu decays (25-28)
- Leptonic B decays (29-32)
- B -> K*nn (33-35)
- B -> sll (36-39)
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FIG. 1: R2 distribution for ⌥ (4S) data and o↵-resonance data. The event selection requires at least
three tracks and two clusters in the event, with transverse momentum greater than 100 MeV/c
and cluster energy greater than 100 MeV, respectively. Additional requirements on tracks, clusters
and event variables are described in detail in the note BELLE2-NOTE-PH-2019-025. The overall
selection e�ciency on the BB sample is 98.8%. The o↵-resonance contribution is normalized to
the luminosity of the on-peak data.
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Belle II first data

21/10/19

22

p0 invariant mass
R2 is the ratio between H2 and H0

R2=H2/H0

B meson counting

Andrzej Bożek IFJ PAN, Kraków Belle II first results and prospects for LFU tests, Puerto de la Cruz, Sep 23-28, 201911 / 40

B meson counting

Andrzej Bożek IFJ PAN, Kraków Belle II first results and prospects for LFU tests, Puerto de la Cruz, Sep 23-28, 201911 / 40



Phase II
23

Isabelle Ripp-Baudot



FEI Calibration
24

FEI validated on Belle real data

Thomas Keck’s master thesis
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Semileptonic decays: B → Xuln

Tension between inclusive and 
exclusive |Vub| measurements

Measurement of  |Vub| from 
inclusive and exclusive B decays

• Inclusive decays measurement
- Hadronic tag
- Exploit kinematic endpoints to 

reduce B → Xcln bkg

Measured BR in fiducial
phase space region

B meson
lifetime

Predicted partial
decay rate 
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Belle II @ 50 ab-1: ~3% (inclusive) / ~2% (exclusiveπl ν) uncertainty

Belle II Full Simulation study

B →πl ν projections

Semileptonic decays: B → Xuln

• B0 → p l n decay
- Untagged or tagged (with FEI)

- Exploit missing mass and extra energy in the calorimeter

- ℬ ~ fi|Vub|2; form factors fi computed with LQCD (PRD 91, 074510 (2015))

signal background
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Semileptonic decay: B0 → pln

LQCD: current is the world avergage by FLAG group
- 5 yr w/o EM": We assume a factor of  2 reduction of  the lattice QCD uncertainty in the next ve 
years and that the uncertainty of  the EM correction is negligible (e.g. for processes insensitive to the 
EM correction).
- 5 yr w/ EM": The lattice QCD uncertainty is reduced by a factor of  2, but we add in quadrature 1% 
uncertainty from the EM correction19.
- 10 yr w/o EM": We assume a factor of  5 reduction of  the lattice QCD uncertainty in the next ten
years. It is also assumed that the EM correction will be under control and its uncertainty is negligible.
- 10 yr w/ EM": We assume lattice QCD uncertainties reduced by a factor of  5, but add in quadrature 
1% uncertainty from the EM correction.
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7

momentum and direction using e+e� ! e+e�`+`� and
J/ ! `+`� decays.

We reweight events to account for di↵ering yields of
misreconstructed D(⇤) between data and MC simula-
tions. The calibration factor for the fake charm correc-
tion is provided by the ratio of 2D histograms of class vs.
EECL for the �M sideband of data and MC events. In
order to correct for the di↵erence in Btag reconstruction
e�ciencies between data and MC simulations, we build
PDFs of correctly reconstructed and misreconstructed
Btag candidates using MC samples, and perform a fit
to data. The ratios between the measured and expected
yields provide the Btag calibration factors. To validate
the fit procedure, we perform fits to multiple subsets of
the available MC samples. We do not find any bias with
the evaluation of the statistical uncertainties.

V. SYSTEMATIC UNCERTAINTIES

To estimate various systematic uncertainties contribut-
ing to R(D(⇤)), we vary each fixed parameter 500 times,
sampling from a Gaussian distribution built using the pa-
rameter’s value and uncertainty. Then we repeat the fit
and estimate the associated systematic uncertainty from
the standard deviation of the resulting distribution. The
systematic uncertainties are summarized in Table I.

In Table I the label “D⇤⇤ composition” refers to the
uncertainty introduced by the branching fractions of the
B ! D⇤⇤`⌫` channels and the decays of the D⇤⇤ mesons,
which are not well known and hence contribute signifi-
cantly to the total PDF uncertainty due to B ! D⇤⇤`⌫`
decays. The uncertainties on the branching fraction of
B ! D⇤⇤`⌫` are assumed to be ±6% for D1, ±10% for
D⇤

2 , ±83% for D0
1, and ±100% for D⇤

0 , while the uncer-
tainties on each of the D⇤⇤ decay branching fractions are
conservatively assumed to be ±100%.

The e�ciency factors for the fake D(⇤) and Btag recon-
struction are calibrated using collision data. The uncer-
tainties on these factors is a↵ected by the size of the sam-
ples used in the calibration. We vary the factors within
their errors and extract associated systematic uncertain-
ties.

The reconstruction e�ciency of feed-down events, to-
gether with the e�ciency ratio of signal to normalization
events, are varied within their uncertainties, which are
limited by the size of MC samples.

The e↵ect of the lepton e�ciency and fake rate, as
well as that due to the slow pion e�ciency, do not can-
cel out in the R(D(⇤)) ratios. This is due to the dif-
ferent momentum spectra of leptons and charm mesons
in the normalization and signal modes. The uncertain-
ties introduced by these factors are included in the total
systematic uncertainty.

A large systematic uncertainty arises from the limited
size of MC samples. To estimate it, we recalculate PDFs
for signal, normalization, fake D(⇤) events, B ! D⇤⇤`⌫`,
feed-down, and other backgrounds by generating toy MC

TABLE I. Systematic uncertainties contributing to the
R(D(⇤))results.

Source �R(D) (%) �R(D⇤) (%)
D⇤⇤ composition 0.76 1.41
Fake D(⇤) calibration 0.19 0.11
Btag calibration 0.07 0.05
Feed-down factors 1.69 0.44
E�ciency factors 1.93 4.12
Lepton e�ciency and fake rate 0.36 0.33
Slow pion e�ciency 0.08 0.08
MC statistics 4.39 2.25
B decay form factors 0.55 0.28
Luminosity 0.10 0.04
B(B ! D(⇤)`⌫) 0.05 0.02
B(D) 0.35 0.13
B(D⇤) 0.04 0.02
B(⌧� ! `�⌫̄`⌫⌧ ) 0.15 0.14
Total 5.21 4.94

samples from the nominal PDFs according to a Poisson
statistics, and then repeat the fit with the new PDFs.
We include minor systematic contributions from other

sources: one related to the parameters that are used for
reweighting the semileptonic B decays from the ISGW to
LLSW model; and the others from the integrated lumi-
nosity and the branching fractions of B ! D(⇤)`⌫, D,D⇤

and ⌧� ! `�⌫̄`⌫⌧ decays [26]. The total systematic un-
certainty is estimated by summing the aforementioned
contributions in quadrature.

VI. RESULTS

Our results are:

R(D) = 0.307± 0.037± 0.016 (4)

R(D⇤) = 0.283± 0.018± 0.014, (5)

where the first uncertainties are statistical, and the sec-
ond are systematic. The same ordering of uncertainties
holds for all following results. The statistical correlation
between the quoted R(D) and R(D⇤) values is �0.53,
while the systematic correlation is �0.52. The dataset
used in this measurement includes the one used for the
previous R(D⇤+) result from Belle [13], which is consis-
tent with this measurement. Being statistically corre-
lated, the earlier measurement should not be averaged
with this one, which combines R(D⇤+) and R(D⇤0). A
breakdown of electron and muon channels yields R(D) =
0.281± 0.042± 0.017, R(D⇤) = 0.304± 0.022± 0.016 for
the first case, andR(D) = 0.373±0.068±0.030, R(D⇤) =
0.245±0.035±0.020 for the second case. All fitted yields
are listed in Table II. The EECL and class projections
of the fit are shown in Figures 2, 3, 4, 5. The 2D com-
bination of the R(D) and R(D⇤) results of this analy-
sis, together with the most recent Belle results on R(D)
and R(D⇤) ([12, 14]) obtained using a hadronic tag, are



• Helicity suppressed decays

• Sensitive to NP contributions, e.g. type III 
Higgs doublet model [PhysRevD.86.054014]

• Clean theoretically, hard experimentally:  
only B → tn has been measured 

Leptonic B decays
29

continuum bkg

BB bkg

signal

(evidence at ~4.6 σ level)

Belle PRD 92, 051102 (2015), SL tag

Belle combination

http://journals.aps.org/prd/pdf/10.1103/PhysRevD.86.054014


Belle II full simulation study
• Hadronic tag with FEI
• 1-prong t decays (µnn, enn, pn, rn)
• Dedicated study on machine background impact
• ML fit to extra energy EECL

Leptonic B decays: B → tn
30

Extra energy in the calorimeter

EECL resolution 
robust against 
beam background

Observation at ~3 ab-1

Main systematic uncertainties: 
background EExtra PDF, branching 
fractions of  the peaking backgrounds, 
tagging efficiency, and K0

L veto efficiency



B → µn
• Two body decay: 𝑝�∗ = ⁄𝑚5 2 in B 

rest frame
• Tagging → better 𝑝�∗ resolution 

but small statistics
• ~2.4s measurement 

Leptonic B decays: 
B → µn and radiative B → lng

31

Belle arXiv:1712.04123 (2018), untagged

Belle PRD 91, 052016 (2015), had tag 

B → lng
• Radiative decay lifts the helicity suppression
• Allows a measurement of  lB → crucial input 

to QCD factorization predictions of  
charmless hadronic B decays



Leptonic radiative B → lng
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Beneke and Rohrwild, 2011, https://doi.org/10.1140/epjc/s10052-011-1818-8
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Flavour changing neutral current 
B → K(∗)νν

• Prohibited in the SM at tree level: penguin + box diagrams
• BR ~ 10-5 ÷ 10-6; NP contribution can increase the BR by factor 50

– non standard Z-couplings (SUSY) 
– New missing energy sources (DM, extra dim.)

Belle measurement with SL tag



34

Flavour changing neutral current 
B → K(∗)νν

Belle II full simulation study
• Hadronic tag with FEI
• K* → Kp0

• Powerful discriminating 
variable E*miss + cp*miss

• Projections performed with 
a cut and count analysis in 
extra energy signal window 

Observation at ~18 ab-1

Constraints on new physics 
contributions to Wilson 
coefficients CL, CR

90% CL excluded
by Belle and Babar

68% CL allowed
by Belle II at 50 ab-1
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Flavour changing neutral current 
B → K(∗)νν

In BSM right handed 
operator for neutrinos
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B → sll : R(K*)

9 Radiative and Electroweak Penguin B Decays

Table 64: The Belle II sensitivities for the inclusive B ! Xs`+`� observables corresponding

to an invariant mass cut of MXs
< 2.0 GeV. The given sensitivities are relative or absolute

uncertainties depending on the quantity under consideration.

Observables Belle 0.71 ab�1 Belle II 5 ab�1 Belle II 50 ab�1

Br(B ! Xs`+`�) ([1.0, 3.5] GeV2) 29% 13% 6.6%

Br(B ! Xs`+`�) ([3.5, 6.0] GeV2) 24% 11% 6.4%

Br(B ! Xs`+`�) (> 14.4 GeV2) 23% 10% 4.7%

ACP(B ! Xs`+`�) ([1.0, 3.5] GeV2) 26% 9.7 % 3.1 %

ACP(B ! Xs`+`�) ([3.5, 6.0] GeV2) 21% 7.9 % 2.6 %

ACP(B ! Xs`+`�) (> 14.4 GeV2) 21% 8.1 % 2.6 %

AFB(B ! Xs`+`�) ([1.0, 3.5] GeV2) 26% 9.7% 3.1%

AFB(B ! Xs`+`�) ([3.5, 6.0] GeV2) 21% 7.9% 2.6%

AFB(B ! Xs`+`�) (> 14.4 GeV2) 19% 7.3% 2.4%

�CP(AFB) ([1.0, 3.5] GeV2) 52% 19% 6.1%

�CP(AFB) ([3.5, 6.0] GeV2) 42% 16% 5.2%

�CP(AFB) (> 14.4 GeV2) 38% 15% 4.8%

while K⇤-Xs transition uncertainty could be as large as 2% (as small as 1%) due to the

larger (smaller) fraction of K⇤. With 50 ab�1 of data we expect total uncertainties of 6.6%,

6.4% and 4.7% for the partial branching ratios in the low1, low2 and high region as defined

above.

Belle II measurements of the forward-backward asymmetry AFB in B ! Xs`+`� are

expected to provide the most stringent limits on the Wilson coe�cients C9 and C10. Since

large parts of the theoretical and experimental systematic uncertainties cancel out in AFB

the corresponding measurements will be statistically limited. The expected uncertainties on

AFB in the low1, low2 and high region are 3.1%, 2.6% and 2.4%, respectively, assuming

the SM.

A helicity decomposition of B ! Xs`+`� provides the three observables Hi defined

in (252). While HA and the combination HT + HL have been measured
�
cf. (253)

�
inde-

pendent measurements of HT and HL have not been performed by BaBar and Belle, but

will be possible at Belle II. As for the measurements of the branching ratios, the experi-

mental determinations of the coe�cients Hi will not be systematically limited until 10 ab�1

have been collected. Considering normalised observables might help to reduce the systematic

uncertainties.

Measurement of the CP asymmetries in B ! Xs`+`� can be used to search for new source

of CP violation. Not only the rate asymmetry, but also the CP asymmetry of angular

distributions, such as forward-backward CP asymmetry (ACP
FB) are useful [586]. Since the

denominator of the ACP
FB can be zero if AFB for B̄ and B are zero or have opposite sign,

we consider the di↵erence of the AFB between B̄ and B mesons defined as �CP(AFB) =

AB̄
FB � AB

FB. Since most of systematic uncertainties calcel out by taking the ratio, dominant

uncertainty is statistical.

Tests of lepton flavour universality can also be performed by measuring RXs
. The Belle II

detector has certainly a good resolution to the e+e� mode and the RXs
measurement is

237/688
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3

In this Letter, a measurement of angular observables
and a test of lepton flavor universality (LFU) in the B !
K⇤`+`� decay is presented, where ` = e, µ. The B !
K⇤`+`� decay involves the quark transition b ! s`+`�, a
flavor-changing neutral current that is forbidden at tree
level in the Standard Model (SM). Various extensions
to the SM predict contributions from new physics (NP),
which can interfere with the SM amplitudes. In recent
years, several measurements have shown deviations from
the SM in this particular decay [1–3]. Global analyses of
B decays hint at lepton-flavor non-universality, in which
case muon modes would have larger contributions from
NP than electron modes [4, 5].

The decay can be described kinematically by three an-
gles ✓`, ✓K , � and the invariant mass squared of the lep-
ton pair q2 ⌘ M2

``c
2. The angle ✓` is defined as the angle

between the direction of `+ (`�) and the direction op-
posite the B (B̄) in the dilepton rest frame. The angle
✓K is defined as the angle between the direction of the
kaon and the direction opposite the B (B̄) in the K⇤ rest
frame. Finally, the angle � is defined as the angle be-
tween the plane formed by the `+`� system and the K⇤

decay plane in the B (B̄) rest frame. The di↵erential de-
cay rate can be parametrized using definitions presented
in Ref. [6] by

1

d�/dq2
d4�

d cos ✓` d cos ✓K d� dq2
=

9

32⇡


3

4
(1� FL) sin

2 ✓K + FL cos2 ✓K +
1

4
(1� FL) sin

2 ✓K cos 2✓`

� FL cos2 ✓K cos 2✓` + S3 sin
2 ✓K sin2 ✓` cos 2�+ S4 sin 2✓K sin 2✓` cos�

+ S5 sin 2✓K sin ✓` cos�+ S6 sin
2 ✓K cos ✓` + S7 sin 2✓K sin ✓` sin�

+ S8 sin 2✓K sin 2✓` sin�+ S9 sin
2 ✓K sin2 ✓` sin 2�

�
, (1)

where the observables FL and Si are functions of q2 only.
The observables P 0

i , introduced in Ref. [7] and defined as

P 0
i=4,5,6,8 =

Sj=4,5,7,8p
FL(1� FL)

, (2)

are considered to be largely free of form-factor uncer-
tainties [8]. Any deviation from zero in the di↵erence
Qi = Pµ

i � P e
i would be a direct hint of new physics [9];

here, i = 4, 5 and P `
i refers to P 0

4,5 in the correspond-
ing lepton mode. The definition of P 0

i values follows the
LHCb convention [1].

In previous measurements of the P 0
i observables only

B0 decays, followed by K⇤0 decays to K+⇡�, were used
[1]. This measurement also uses B+ decays, where
K⇤+ ! K+⇡0 or K0

S⇡
+. In total, the decay modes

B0 ! K⇤0µ+µ�, B+ ! K⇤+µ+µ�, B0 ! K⇤0e+e�,
and B+ ! K⇤+e+e� are reconstructed, where the in-
clusion of charge-conjugate states is implied if not explic-
itly stated. The full ⌥(4S) data sample is used contain-
ing 772⇥ 106 BB̄ pairs recorded with the Belle detector
[10] at the asymmetric-energy e+e� collider KEKB [11].
The Belle detector is a large-solid-angle magnetic spec-
trometer that consists of a silicon vertex detector, a 50-
layer central drift chamber (CDC), an array of aerogel
threshold Cherenkov counters (ACC), a barrel-like ar-
rangement of time-of-flight scintillation counters (TOF),
and an electromagnetic calorimeter comprised of CsI(Tl)
crystals (ECL) located inside a superconducting solenoid
coil that provides a 1.5 T magnetic field. An iron flux-

return located outside of the coil is instrumented to de-
tect K0

L mesons and to identify muons (KLM). The de-
tector is described in detail elsewhere [10]. This analysis
is validated and optimized using simulated Monte Carlo
(MC) data samples. EvtGen [12] and PYTHIA [13] are
used to simulate the particle decays. Final-state radi-
ation is calculated by the PHOTOS package [14]. The
detector response is simulated with GEANT3 [15].
For all charged tracks, impact parameter requirements

are applied with respect to the nominal interaction point
along the beam direction (|dz| < 5.0 cm) and in the trans-
verse plane (dr < 1.0 cm). For electrons, muons, K+,
and ⇡+, a particle identification likelihood is calculated
from the energy loss in the CDC (dE/dx), time-of-flight
measurements in the TOF, the response of the ACC, the
transverse shape and size of the showers in the ECL and
information about hits in the KLM. For electrons, en-
ergy loss from bremsstrahlung is recovered by adding
to the candidate the momenta of photons in a cone of
0.05 radians around the initial direction of the charged
track. K0

S candidates are reconstructed from pairs of
oppositely-charged tracks (treated as pions) and selected
based on vertex fit quality. ⇡0 mesons are reconstructed
from photon pairs with the requirement E� > 30 MeV
and 115 MeV/c2 < M�� < 153 MeV/c2. K⇤ candi-
dates are formed from K+⇡�, K+⇡0 and K0

S⇡
+ combi-

nations that satisfy the requirements on invariant mass
of 0.6 GeV/c2 < MK⇡ < 1.4 GeV/c2 and on vertex fit
quality (to suppress background). TheK⇤ candidates are
combined with oppositely charged lepton pairs to form B
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Prospects for tauonic EW penguins

Perspectives for B→ K∗ττ

Observables Belle II 5 ab−1 Belle II 50 ab−1

Br(B+ → K+τ+τ−) · 105 < 6.5 < 2.0

Br(B0 → τ+τ−) · 105 < 30 < 9.6

Br(B0
s → τ+τ−) · 104 < 8.1 –

Br(B+ → K+τ±e∓) · 106 – < 2.1

Br(B+ → K+τ±µ∓) · 106 – < 3.3

Br(B0 → τ±e∓) · 105 – < 1.6

Br(B0 → τ±µ∓) · 105 – < 1.3

• Standard Model B→ Kττ is difficult at Belle II even with full
luminosity.

• Lepton flavour violating processes, such a B→ Kτµ, are easier
to get to better limits.

→ perhaps some room for CepC/FCCee to do flavour physics.

arXiv:1808.10567

25

B → K(∗)𝜏J𝜏K hard to measure even with 50 ab-1 at Belle II (SM BR ~10-7)
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P5’

An ongoing activity
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SM) observed since 2013 in

Branching ratios for
B ! Kµµ, B ! K ⇤µµ,
Bs ! �µµ (require good
knowledge of hadronic
uncertainties, form
factors)
Angular distribution of
B ! K ⇤µµ through
optimised observables
(eg P 0

5), where hadronic
uncertainties cancel to
some extent

[LHCb, Belle, ATLAS, CMS]

S. Descotes-Genon (LPT-Orsay) b ! s``, RK , RK⇤ and then ? Moriond QCD, 25/3/19 3
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Physics prospects: Belle II vs LHCb
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