
b → sγ and sℓ+ℓ- at Belle II

BEAUTY2020 conference (UTokyo IPMU)  
September 22 2020

Keisuke Yoshihara (Iowa State) 
on behalf of the Belle II Collaboration



Introduction: b→sγ and b→sℓ+ℓ-

 September 22nd 2020,  Keisuke Yoshihara

• Flavor changing neutral current (FCNC) b→s (d) transitions continue to  

be of great interest. These processes proceed via one-loop (penguin or box) 

diagrams and hence are highly suppressed in the SM  

→ BSM observability may be enhanced due to smaller SM background! 

• b→sγ and b→sℓ+ℓ- decays are theoretically and experimentally clean. 
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Flavor Physics

Precision flavor physics

Compare precise experimental measurements of
observables in B decays with theoretical
predictions; interpret discrepancies in terms of
new physics.

• Look for indirect e↵ects of heavy unknown
particles in low energy observables of B
mesons.

• b ! s(d) transitions are flavor changing
neutral currents, loop + CKM
suppression:

I Rare, challenging to observe.

I Exceptionally sensitive to virtual NP
contributions.
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Figure 1: Radiative b ! s� (top) and elec-

troweak b ! s`+`� (bottom) penguins
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b→sγ (Radiative Penguin) b→sℓ+ℓ- (EWK Penguin)

Br(B -> Xs ℓ+ℓ-) = (1.58 ±0.37) x 10-6 (1 GeV2 < q2 < 6 GeV2)  
Br(B -> Xs ℓ+ℓ-) = (0.48 ±1.0) x 10-6 (q2>14.4 GeV2)

Br(b -> sγ) = (3.32 ± 0.15) x 10-4  
Br(b -> dγ) = (9.2 ± 3.0) x 10-6

Refs: PRL109.191801 (2012), PRD91(5)052004 (2015), JHEP06(2015)176,  
HFAG table (link)

* q2: dilepton invariant mass squired

https://hflav-eos.web.cern.ch/hflav-eos/rare/April2019/RADLL/OUTPUT/HTML/radll_table3.html
https://hflav-eos.web.cern.ch/hflav-eos/rare/April2019/RADLL/OUTPUT/HTML/radll_table3.html


'  P’5Úú=Ñ�öSMáĄú	¯úÈùĞŁ 

$  LHCb õú®z�âSMú	¯áĄìćôÝî 

$ Belle ņÓATLAS úħŅġĂ+êa,ù	¯�áĄĞŁ�

$ CMS ú�ûSMú	¯ö�úöæĈconsistent 

LHCb, JHEP 1602 (2016) 104�
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Test of anomalies

 September 22nd 2020,  Keisuke Yoshihara

• Belle II will be able to provide independent 
tests of the anomalies recently observed by 

the LHCb and Belle experiments in the 

angular analysis of B → K* ℓ+ℓ- (P5’) as well 

as in the determination of RK and RK* 
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Figure 9. Distributions of the RK∗0 delta log-likelihood for the three trigger categories separately
and combined.

low-q2 central-q2

RK∗0 0.66 + 0.11
− 0.07 ± 0.03 0.69 + 0.11

− 0.07 ± 0.05

95.4% CL [0.52, 0.89] [0.53, 0.94]

99.7% CL [0.45, 1.04] [0.46, 1.10]

Table 5. Measured RK∗0 ratios in the two q2 regions. The first uncertainties are statistical and
the second are systematic. About 50% of the systematic uncertainty is correlated between the
two q2 bins. The 95.4% and 99.7% confidence level (CL) intervals include both the statistical and
systematic uncertainties.

Figure 10. (Left) Comparison of the LHCb RK∗0 measurements with the SM theoretical predic-
tions: BIP [26] CDHMV [27–29], EOS [30–32], flav.io [33–35] and JC [36]. The predictions are
displaced horizontally for presentation. (right) Comparison of the LHCb RK∗0 measurements with
previous experimental results from the B factories [4, 5]. In the case of the B factories the specific
vetoes for charmonium resonances are not represented.

– 20 –

RK ú®zùčĭĶĿŅĊ�¬�

RK =
Br(B+ → K +µ+µ− )
Br(B+ → K +e+e− )

! 1 GeV2 < q2 < 6 GeV2 úÐ2õSMáĄú	¯áĄĞŁ�

~2.6 σ level�

LHCb, PRL 113 (2014) 151601�
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RK*RK

S. Cunli↵e ·Prospects for rare B decays at Belle II

Parent Tagging Belle II FEI Belle MC Belle II FEI Belle

B± Hadronic 0.61% 0.49% 0.28%
Semi-leptonic 1.45% 1.42% 0.67%

B0 Hadronic 0.34% 0.33% 0.18%
Semi-leptonic 1.25% 1.33% 0.63%

Table 1: Tagging e�ciencies for Belle II FEI algorithms determined with simulation of the Belle II and

Belle detectors and the original Belle e�ciency evaluated on data. Taken from [27,29].

clusive decay, such as B ! Xs� as,

ACP =
�
⇥
B̄ ! Xs�

⇤
� � [B ! Xs̄�]

�
⇥
B̄ ! Xs�

⇤
+ � [B ! Xs̄�]

,

�0+ =
�
⇥
B0 ! Xs�

⇤
� � [B± ! Xs�]

� [B0 ! Xs�] + � [B± ! Xs�]
,

�ACP = ACP

⇥
B± ! X±

s
�
⇤
� ACP

⇥
B0 ! X0

s
�
⇤
.

In all cases, the flavour and CP state of the
parent B is determined from the tag.

Such observables have reduced experimental
systematic e↵ects, as well as reduced theoretical
uncertainty from hadronic form-factors. Exper-
imental measurements are therefore more pre-
cise than the branching fractions, for example
ACP and �0+ for B ! Xs� are both around
2% [32,33], for B ! Xd� they are around 30%.
With 50 ab�1 at Belle II, measurements are ex-
pected to reach sub-percent-level precision for
ACP and �0+ in B ! Xs�, and around percent
level precision for B ! Xd�. Figure 6 shows
the precision on ACP and �ACP as a function
of integrated luminosity collected at the ⌥(4S)
resonance.

6.2. Lepton (non) universality and inclu-

sive b ! s(e+e�, µ+µ�
)

Recent experimental tests of lepton universality
in b ! s`+`� decays have shown deviation from
the SM predictions [1,2]. Deviations are not too
far from statistical significance and are there-
fore the source of much discussion within the
community [5–8]. In addition to these measure-
ments a somewhat longstanding discrepancy
in the angular analysis of B0 ! K⇤0µ+µ� [3]
has been explored for both B ! K⇤e+e� and
B ! K⇤µ+µ� by Belle [4].

In global fits to the Wilson coe�cients [6–8],
these discrepancies prefer a non-zero CNP

9 . In

Figure 6: Sensitivity to ACP and �ACP in

B ! X(s, d)� decays. To appear in [29].

terms of NP interpretations, models with an ex-
tended electroweak sector, such as a new vector
boson Z 0, have been suggested. There has been
some debate in the theory community about
possible non-NP explanations for these devia-
tions, such as underestimated hadronic uncer-
tainty, or an underestimated contribution from
high-order diagrams involving charm quarks in
the b ! sµ+µ� transition [34].

References [1, 2] present the measurement
of lepton universality ratios conventionally de-
fined,

RK(⇤) ⌘
B
⇥
B ! K(⇤)µ+µ�⇤

B
⇥
B ! K(⇤)e+e�

⇤ ,

where B is the branching fraction. In
the SM these ratios are predicted to be
very close to unity within the region of the

6

Lepton Flavor Universality test

Refs: PRL122.191801(2019), PRL118.111801(2017), PRL125.011802 (2020),JHEP08(2017)055 

[*] lately LHCb had an update to P’5, the excess going 
down a bit but still significant, see PRL125.011802(2020)



E↵ective theory

• Can describe these interactions in terms of an e↵ective Hamiltonian that

describes the full theory at lower energies (µ)

He↵ ⇠
X

i

Ci(µ)Oi(µ)

Ci(µ) ! Wilson coe�cient (integrating

out scales above µ)
Oi ! Local operators with di↵erent

Lorentz structures

• Contributions from New Physics will modify SM contributions (Wilson

coe�cients) or introduce new operators

�He↵ =
cNP

⇤NP
ONP

Depending on the choice of coupling cNP

(e.g. MFV inherits SM CKM suppression),

access to di↵erent NP scales ⇤NP (up to

hundreds of TeV)

! Complementarity with direct searches for new particles

P. Álvarez Cartelle (ICL) Flavour anomalies @ LHCb 37/38
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• b→sγ and b→sℓ+ℓ- are sensitive to C7,C9, and C10  

• Combined fits with different measurements will obtain model-independent 

constraints on Ci and hence constrain BSM models

4

• Effective Hamiltonian describes the full theory 

at low energy (µ) in model-independent way: 

 

 

Ci: Wilson coefficient, encode high energy 

contributions 

Oi: local operators with different Lorentz 

structures
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Theoretical framework

• Contributions from new physics will modify 

SM contributions or introduce new operators.

S. Cunli↵e ·Prospects for rare B decays at Belle II

S Cunliffe (PNNL) | Rare B decays and prospects at Belle II

So when do you start taking data?

2 August 2017 9
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Figure 2: The scheduled integrated and peak luminosities of SuperKEKB. Approximately 109 BB̄ pairs per

ab
�1

of data at the ⌥(4S) resonance will be collected. Adapted from [21].

in terms of e↵ective operators, O(0)
i

, contain-
ing the non-pertubative low-energy e↵ects and
so-called “Wilson coe�cients”, Ci. The primes
denote the chiral partner operator that is sup-
pressed in the SM. The Wilson coe�cients may
be expressed as:

Ci = CSM
i

+ CNP
i

,

the sum of the SM (calculable with pertubative
techniques) and NP (to be determined) contri-
butions.

There are 24 operators and coe�cients in the
full expansion5. However, there are three which
are most relevant for b ! s:

O9 / (s̄�µPLb)(`�µ`);

O10 / (s̄�µPLb)(`�µ�5`);

O7 / mb(s̄�µ⌫PRb)Fµ⌫ .

These are the vector, axial vector, and ra-
diative photon operators respectively, and are
shown schematically in Figure 3. This theoret-
ical procedure is appealing as it allows model-
independent global fits to the CNP

i
, searching

for generic NP based on the form of the inter-
action with SM fermions.

5
More detail is available in many references, for ex-

ample Ref. [22].

b s

`

`

b s

�

Figure 3: A diagrammatic representation of the

e↵ective (axial) vector operators O9

(O10) and radiative photon operator O7

(upper and lower respectively).

3

vector, axial-vectorradiative penguin



SuperKEKB and Belle II detector

 September 22nd 2020,  Keisuke Yoshihara 5

low emittance gun

injector  
and  

LINAC                      

positron dumping ring

positron ring (LER)

electron ring  
(HER)

IP Belle II detector

• SuperKEKB (KEK, Japan) aims for collecting 50 ab-1 of data, which is  

~50 times larger than KEKB/Belle experiment. 

• Belle II detector composed of vertex detector, drift chamber, PID counters, 

EM calorimeter and muon detector was designed to cope with higher 

background and high trigger rate ~30 kHz.



Operation status

 September 22nd 2020,  Keisuke Yoshihara 6

Conclusion
Belle II collected 74.10 fb-1 integrated luminosity

• ~10 times more in this summer than last year.

• Measurements in various processes have been started.
• Rediscovery of * → +∗%.

• First results in ! → #ℓ!ℓ" and ! → #((̅ in progress.

Goal : L = 50 ab-1 by ~2030

• Confirm or exclude the anomalies with * → 0&ℓ!ℓ".

• Discover * → + ∗ ((̅ at early stage and precise 
measurements will be performed.

ICHEP 2020, July 30th Yo Sato (Tohoku University)

10

• Belle II achieved peak luminosity of 2.4 x 1034 /cm2/sec (old record at KEKB 

was 2.1x1034 /cm2/sec) and integrated ~1 fb-1/day on average in June 2020 

(maximum 1.3 fb-1/day). Total 74 fb-1 data has been collected so far. 

• Toward the goal of 6 x 1035 /cm2/sec and 50 ab-1, further upgrade to detector 

and accelerator is planned 

~5 ab-1 (2023-2024)



Analysis strategy
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Table 60: Observables accessible in B ! Xq� and the corresponding reconstruction methods.

The table uses abbreviations for reconstruction (reco.), hadronic (had.), semi-leptonic and

leptonic (SL and L), e�ciency (e�.), signal to background ratio (S/B), if the spectator

quark may be specified (q), and if the momentum of the signal B meson is measured (pB).

reco. method tagging e�. S/B q pB ACP �0+ �ACP

sum-of-exclusive none high moderate s or d yes yes yes yes

fully-inclusive had. B very low very good s and d yes yes yes yes

SL B very low very good s and d no yes yes yes

L moderate good s and d no yes no no

none very high very bad s and d no no no no

new-physics contribution to ACP the following approximate expression

ANP
CP ' 0.05Re

�
CNP

7

�
� 0.47 Im

�
CNP

7

�
+ 0.24 Im

�
CNP

8

�
. (223)

This result implies that ACP is a sensitive probe of new physics that leads to CP-violating

contributions to the dipole operators Q7 and Q8. Such e↵ects are only weakly constrained

by the B ! Xs� branching ratio.

Currently, the main source of uncertainty in BrSM
s� are the resolved photon contributions.

The extraction of HQET parameters from B ! Xc`⌫̄, as done in [354], can help to better

control the S27 contribution. By better measuring the IA in B ! Xs� defined as

�0+ =
�(B0 ! Xs�) � �(B+ ! Xs�)

�(B0 ! Xs�) + �(B+ ! Xs�)
, (224)

one can furthermore hope to pin down the S78 contributions since these quantities are

directly related [410, 473]. Employing the so-called vacuum-insertion approximation (VIA)

to estimate the relevant hadronic matrix element leads to the following SM prediction

�SM
0+ 2 [0.1, 7.4]% , (225)

where one should keep in mind that the VIA is a very rough approximation. Rather than

comparing the SM prediction (225) to future precise measurements of �0+ to look for new

physics it thus seems more advantages to exploit the relation

N78
s (E0)

Ps(E0)
= ��0+

3
, (226)

to experimentally constrain the size of the non-perturbative contribution N78
s (E0) (or equiva-

lent S78) introduced in (211). New Belle II measurements of �0+ can therefore help to reduce

the non-perturbative uncertainties in the SM prediction for B ! Xs�, in particular if these

measurements remain consistent with zero.

9.2.2. Measurements of B ! Xs�. (Contributing author: A. Ishikawa)

There are two methods to reconstruct B ! Xq� decays. They will be referred to as the

sum-of-exclusive method and the fully-inclusive method. In the sum-of-exclusive method,

the hadronic system is reconstructed from many exclusive decays containing a kaon, such as

214/688

• Energy difference (ΔE) and beam constrained mass (Mbc) are key variables:

Analysis strategy

Analysis strategy

Exclusive: Reconstruct a specific decay channel, say B ! K ⇤�

Inclusive: B ! Xs�, where Xs is any strange final state
* Semi-inclusive or sum-of-exclusive: Reconstruct Xs from as

many final states as possible
* Fully inclusive1

Hadronic tagged B ! Xs� event in
center-of-mass frame

1For details look FEI talk by Slavomira Stefkova

S.Halder Results and prospects of EWP decays at Belle II 10th
June, 2020 (Wednesday) 5 / 25

後者の標準模型での崩壊振幅は 105 のオーダーに抑えられ、仮想粒子に現れる新粒子の寄
与が強調される。
K∗+ は 2/3の確率でK0π+ へ崩壊する。フレーバー固有状態K0 はその 1/2がエネル
ギー固有状態KS として観測される。 (残り 1/2はKL。) 結局K∗+γ の中でKSπ+γ と
して崩壊する確率は 1/3となる。

5.2 再構成方法
MCサンプルから以下の Belleと共通の手順で B 中間子を再構成した。

• V0finderで再構成したKS(→ π+π−)を、質量 M −Mtruth < 10 MeV/c2 でカッ
トする。

• NisKsFinderを用いて、goodNisカット (表 4.2)を行う。
• KS と 1つの荷電軌跡を組み合わせて K∗± → KSπ± を再構成する。π± に対して
は以下の条件でカットする。

– IPから軌跡の最近接点までの距離: |z0| < 5.0 cm, |d0| < 0.5 cm

– 運動量: p > 0.1 GeV/c

– K/π 尤度比: Kid < 0.9

高エネルギーの共鳴状態を低減するため、K∗± の不変質量は 2.0 GeV/c2 未満に
限定する。

• B から即座に放出される光子 (prompt photon) を以下の条件で選別する。
– Υ(4S)系でのエネルギー 1.8 GeV < Ecms

γ < 3.4 GeV

– ECLでのクラスタの広がりから γ を識別: E9/E25 > 0.95

– バレル部分での検出: 33◦ < θlabγ < 128◦

• K∗± と prompt photonから B± を再構成し、以下の変数でカットする。
– "beam-constrained mass"

Mbc =
√

E2
beam − p2B , Ebeam =

Ee− + Ee+

2
,

5.27 GeV < Mbc < 5.29 GeV

– "delta E"

∆E = EB − Ebeam, −0.2 GeV < ∆E < 0.1 GeV

再構成した B 中間子のMbc 分布を図 5.1に示す。B は正しい運動量に再構成されてい
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高エネルギーの共鳴状態を低減するため、K∗± の不変質量は 2.0 GeV/c2 未満に
限定する。

• B から即座に放出される光子 (prompt photon) を以下の条件で選別する。
– Υ(4S)系でのエネルギー 1.8 GeV < Ecms

γ < 3.4 GeV

– ECLでのクラスタの広がりから γ を識別: E9/E25 > 0.95

– バレル部分での検出: 33◦ < θlabγ < 128◦

• K∗± と prompt photonから B± を再構成し、以下の変数でカットする。
– "beam-constrained mass"

Mbc =
√

E2
beam − p2B , Ebeam =

Ee− + Ee+

2
,

5.27 GeV < Mbc < 5.29 GeV

– "delta E"

∆E = EB − Ebeam, −0.2 GeV < ∆E < 0.1 GeV

再構成した B 中間子のMbc 分布を図 5.1に示す。B は正しい運動量に再構成されてい

53

where
* in center of mass frame

• Exclusive mode:  

reconstruct a specific decay channel 

• Inclusive mode:  

(1) sum-of-exclusive: reconstruct Xs from as many excl. channels as possible 

(2) fully inclusive: all possible Xs final states considered

Higher (~2 times) tagging efficiency at Belle II  
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B→Xsγ

 September 22nd 2020,  Keisuke Yoshihara

b ! s(d)�

• Inclusive B ! Xs� theoretically and experimentally clean.

• B(B ! Xs�) represents strongest constraint on NP in C7.
I Percent-level precision achievable with full dataset.

• ACP , �ACP , �0+ expected to be determined to sub-percent
precision with full dataset.

Justin Tan FPCP 2019 9

• Inclusive measurement can be only performed at Belle II !! 

• B→Xsγ offers strongest constraint on Wilson coefficient C7 

• For BF, ~6% (3.2%) precision with 5 ab-1  (50 ab-1) data:

Integrated Luminosity

• Fully inclusive (green and red): 
reduce systematics by better modeling 

neutral hadrons faking photons 

• Sum-of-exclusive: increase the 

number of models to reduce the 

systematic from Xs hadronization 

• Belle II sensitivity in green considering 

improvement in hadronic tagging

Belle 
(0.71ab-1) 

Belle II 

Belle II Physics Book: https://arxiv.org/abs/1808.10567

https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/1808.10567
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B→Xsγ — CP and isospin observables

• Three important observables, ACP, ΔACP, and Δ0+, are expected to be determined  

to < 5%  (< a few %) level at  5 ab-1 (50 ab-1)
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b ! s(d)�

• Inclusive B ! Xs� theoretically and experimentally clean.

• B(B ! Xs�) represents strongest constraint on NP in C7.
I Percent-level precision achievable with full dataset.

• ACP , �ACP , �0+ expected to be determined to sub-percent
precision with full dataset.

Justin Tan FPCP 2019 9

• Precision driven by sample size — 

experimental systematic uncertainties can 

be reduced as well as theoretical 

uncertainty on hadronic form-factors.  

• ACP(B →Xs+dγ) is sensitive to BSM thanks 

to small theory unc. (while ACP(B →Xsγ) has 

been theory unc limited)

S. Cunli↵e ·Prospects for rare B decays at Belle II

Parent Tagging Belle II FEI Belle MC Belle II FEI Belle

B± Hadronic 0.61% 0.49% 0.28%
Semi-leptonic 1.45% 1.42% 0.67%

B0 Hadronic 0.34% 0.33% 0.18%
Semi-leptonic 1.25% 1.33% 0.63%

Table 1: Tagging e�ciencies for Belle II FEI algorithms determined with simulation of the Belle II and

Belle detectors and the original Belle e�ciency evaluated on data. Taken from [27,29].

clusive decay, such as B ! Xs� as,

ACP =
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�
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,
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�
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⇤
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� [B0 ! Xs�] + � [B± ! Xs�]
,

�ACP = ACP

⇥
B± ! X±

s
�
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� ACP

⇥
B0 ! X0

s
�
⇤
.

In all cases, the flavour and CP state of the
parent B is determined from the tag.

Such observables have reduced experimental
systematic e↵ects, as well as reduced theoretical
uncertainty from hadronic form-factors. Exper-
imental measurements are therefore more pre-
cise than the branching fractions, for example
ACP and �0+ for B ! Xs� are both around
2% [32,33], for B ! Xd� they are around 30%.
With 50 ab�1 at Belle II, measurements are ex-
pected to reach sub-percent-level precision for
ACP and �0+ in B ! Xs�, and around percent
level precision for B ! Xd�. Figure 6 shows
the precision on ACP and �ACP as a function
of integrated luminosity collected at the ⌥(4S)
resonance.

6.2. Lepton (non) universality and inclu-

sive b ! s(e+e�, µ+µ�
)

Recent experimental tests of lepton universality
in b ! s`+`� decays have shown deviation from
the SM predictions [1,2]. Deviations are not too
far from statistical significance and are there-
fore the source of much discussion within the
community [5–8]. In addition to these measure-
ments a somewhat longstanding discrepancy
in the angular analysis of B0 ! K⇤0µ+µ� [3]
has been explored for both B ! K⇤e+e� and
B ! K⇤µ+µ� by Belle [4].

In global fits to the Wilson coe�cients [6–8],
these discrepancies prefer a non-zero CNP

9 . In

Figure 6: Sensitivity to ACP and �ACP in

B ! X(s, d)� decays. To appear in [29].

terms of NP interpretations, models with an ex-
tended electroweak sector, such as a new vector
boson Z 0, have been suggested. There has been
some debate in the theory community about
possible non-NP explanations for these devia-
tions, such as underestimated hadronic uncer-
tainty, or an underestimated contribution from
high-order diagrams involving charm quarks in
the b ! sµ+µ� transition [34].

References [1, 2] present the measurement
of lepton universality ratios conventionally de-
fined,

RK(⇤) ⌘
B
⇥
B ! K(⇤)µ+µ�⇤

B
⇥
B ! K(⇤)e+e�

⇤ ,

where B is the branching fraction. In
the SM these ratios are predicted to be
very close to unity within the region of the

6
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* ΔACP ~0 in the SM
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Re-discovery of radiative penguin decay

• Search for B → K*γ using three decays: 

K+π0γ, K0Sπ+γ, K+π-γ 

• Dominant qq events suppressed with 

multivariate classifier (FastBDT) 

• Combined significance more than 5σ
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FIG. 4: The beam-constrained mass (mbc) distribution of B+ → K∗+γ decay candidates in a
window −0.2GeV < ∆E < 0.08GeV. The fit contains the following components: an ARGUS
function to model background from the continuum and combinatorial B decays (dashed blue line);
a Crystal Ball summed with a second ARGUS function to describe peaking backgrounds and
higher-mass resonance feed-down (dashed red line); and a Crystal Ball for the signal. The total fit
with the signal component is the solid blue line and the data are overlaid as black markers. The
signal component has a significance of 4.4 σ, and the yield of signal events is found to be 17.0±4.5
(error is statistical only).
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FIG. 5: Stacked histograms of the beam-constrained mass (mbc) distributions for all B → K∗γ
decay candidates, in a window of −0.2GeV < ∆E < 0.08GeV. The red histogram contains
B0 → K∗0γ → K+π−γ decay candidates, the green is B+ → K∗+γ → K+π0γ , and the blue is
B+ → K∗+γ → K0

Sπ
+γ .

4

Results of % → )∗. at Belle II
Search for * → +∗% decay using three decay modes.

• Clear peak is observed in the beam-constrained mass ?5@ = \A=BC∗2 − ]4∗2 distribution.

• Signal yields agree with world average branching fraction.

• Combined significance exceeds 5J.

Rediscovery of radiative penguin decay at Belle II.

ICHEP 2020, July 30th Yo Sato (Tohoku University)

13

Signal yield 
(stat. error) Significance

$# → &∗# &$(% ' 19.2 ± 5.2 4.4J
$$ → &∗$ &$(# ' 9.8 ± 3.4 3.7J
$$ → &∗$ &&#($ ' 6.6 ± 3.1 2.1J

BELLE2-NOTE-PL-2019-021
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FIG. 1: The beam-constrained mass (mbc) distribution of B0 → K∗0γ → K+π−γ decay candidates
in a window −0.2GeV < ∆E < 0.08GeV. The fit contains the following components: an ARGUS
function to model background from the continuum and combinatorial B decays (dashed blue line); a
Crystal Ball summed with a second ARGUS function to describe peaking backgrounds and higher-
mass resonance feed-down (dashed red line); and a Crystal Ball for the signal. The total fit with
the signal component is the solid blue line and the data are overlaid as black markers. The signal
component has a significance of 4.4 σ, and the yield of signal events is found to be 19.1±5.2 (error
is statistical only).
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 September 22nd 2020,  Keisuke Yoshihara

• Time dependent CPV can be measured  

in B0 → K*(K0Sπ0)γ channel (bL →sRγR)



 September 22nd 2020,  Keisuke Yoshihara 11

B→Xsℓ+ℓ- — simulation study

% → &#ℓ!ℓ" in Belle II
p Sum-of-exclusive method

• 0& is reconstructed from
• +<= (< ≤ 4) and 3+. 
• at most one +0*, =*.
• ?1" < 2.0 GeV/c2.

• Background
• Dominated by * → 0ℓ( F* → 0ℓ( .
• Mis-identified * → +G= has to be understood.

• Sensitivity of BF and H34 is a few % level in 50 ab-1.

p Fully inclusive method will be explored with dedicated simulation studies. 
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BELLE2-NOTE-
PL-2020-007

B2TiP

• Higher ΔE resolution (than Xsγ) 

• Sum-of-exclusive mode: 

‣ Xs reconstruction: 

Knπ (n≦4) and 3K 

‣ at most one Ks0, π0 

‣ MXs < 2.0 GeV

• Background: 

‣ dominated by B(→Xℓv)B(→Yℓv) — it can be suppressed with 

missing energy and vertex information 

‣ mis-ID B →Kmπ to be understood

Belle II is capable of performing inclusive measurement!
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B→Xsℓ+ℓ-

• In addition to BF, AFB  is also an important measurement to constrain  

C9 and C10 — Smaller systematic uncertainty than exclusive mode 

• Uncertainty on BF will be dominated by systematics at ~15 ab-1,  

while AFB measurement will be still statistically dominated at 50 ab-1 

• ACP and ΔCP(AFB) will also be measured
S. Cunli↵e ·Prospects for rare B decays at Belle II

Figure 7: Sensitivity to an inclusive lepton uni-

versality ratio defined in Equation 1, for

two regions of squared invariant mass of

the lepton pair. To appear in [29].

squared invariant mass of the lepton pair,
1 < q2 < 6 GeV2/c4 [35]. Belle II will not over-
take the precision of these measurements but
will perform an independent verification. With
approximately 10 ab�1 (3 ab�1) Belle II will
reach the current precision of RK (RK⇤). How-
ever an analogous definition in terms of the in-
clusive decays,

RXs ⌘ B [B ! Xsµ+µ�]

B [B ! Xse+e�]
, (1)

can be made. Such an observable would be chal-
lenging for LHCb, but could be measured with
percent-level precision at Belle II as shown in
Figure 7.

It is also possible to measure the di↵eren-
tial branching fraction (dB/dq2), ACP, and per-
form an angular analysis for these inclusive
B ! Xe+e� and B ! Xµ+µ� decays. In con-
trast to the angular analysis of the exclusive
B ! K⇤µ+µ� decay with many observables, in
an inclusive angular analysis it is only possible
to measure the forward-backward asymmetry of
the leptons (AFB). Current precision [36–38] is
around 30% for dB/dq2, and 20% for AFB and
ACP. Belle II will reach a precision of around
7% for dB/dq2 and 2 � 3% for AFB and ACP.
Figures 8 and 9 show the sensitivity for the for-

Figure 8: Sensitivity to the di↵erential branching

fraction (dB/dq2) in B ! Xs`
+`� de-

cays, for three regions of squared invari-

ant mass of the lepton (` = e, µ) pair.

To appear in [29].

mer two of these observables.

6.3. b ! s⌫⌫̄

Assuming that the B ! K⇤⌫⌫̄ decay occurs at
the rates predicted by the SM [39,40],

B
⇥
B+ ! K+⌫⌫̄

⇤
= (4.7 ± 0.6) ⇥ 106;

B
⇥
B0 ! K⇤0⌫⌫̄

⇤
= (9.5 ± 1.1) ⇥ 106,

Belle II will observe the process and measure
the branching fraction with 10 � 11% uncer-
tainty in 50 ab�1. This decay mode is of similar
interest to B0 ! K⇤0µ+µ� in terms of sensi-
tivity to CNP

9,10, however probing B ! K⇤⌫⌫̄ de-
cays also provides orthogonal information. For
B ! K⇤⌫⌫̄, the factorisation of hadronic e↵ects
is exact (since neutrinos are electrically neutral)
and could be used to extract B ! K hadronic
form-factors to high accuracy [29]. It is also
possible that B ! K⇤⌫⌫̄ can provide model-
dependent information to disentangle possible
NP e↵ects behind the current anomalies [39].

Experimentally, it is possible to use full event
reconstruction and construct the sum of the
missing energy and missing momentum in the
e+e� centre-of-momentum frame. The distri-
bution of this variable is shown in Figure 10.

7

S. Cunli↵e ·Prospects for rare B decays at Belle II

Figure 9: Sensitivity to the forward-backward

asymmetry of the leptons (AFB) in

B ! Xs`
+`� decays, for three regions

of squared invariant mass of the lepton

(` = e, µ) pair. To appear in [29].

Such a variable is promising for separating sig-
nal from background, either for a counting anal-
ysis or as the independent variable in a maxi-
mum likelihood fit. Assuming observation at
Belle II, it should also be possible to measure
fraction of longitudinal polarisation of the K⇤

in B ! K⇤⌫⌫̄ to around 20% precision.

6.4. b ! (s, d)⌧+⌧�

Decays with the b ! (s, d)⌧+⌧� transition are
thus-far unobserved. Current experimental lim-
its [41, 42] are of the order of 10�3 which is
rather far from the SM predictions [43, 44] of,

B
⇥
B0

s
! ⌧+⌧�⇤ = (7.73 ± 0.49) ⇥ 10�7;

B
⇥
B0 ! ⌧+⌧�⇤ = (2.22 ± 0.19) ⇥ 10�8;

B
⇥
B+ ! K+⌧+⌧�⇤ = (1.22 ± 0.10) ⇥ 10�7.

Assuming these SM branching fractions,
Belle II will be able to set limits of around 10�6

and 10�5 for B0 ! ⌧+⌧� and B+ ! K+⌧+⌧�

respectively. The sensitivity to Bs ! ⌧+⌧� de-
cays is highly dependent on SuperKEKB run-
ning at the ⌥(5S) resonance, which has not yet
been finalised.

Figure 10: The distribution of the missing energy

and missing momentum in the centre-

of-momentum frame for B ! K⇤⌫⌫̄
signal decays (red) and various back-

ground categories (solid colour stack

by cross-section). To appear in [29].

7. Conclusions

The Belle II experiment at SuperKEKB will
collect first collisions commissioning data in
2018. Full-detector physics data are expected
in 2019. At time of writing, the Belle II detec-
tor has been rolled into the collision point at
SuperKEKB and is taking cosmic ray commis-
sioning data.

Rare radiative and electroweak penguin pro-
cesses have recently shown deviations from SM
predictions, and form an integral part of the
Belle II physics program. Belle II will have ac-
cess to several decay modes that are challenging
at the LHCb experiment, such as B ! K⇤⌫⌫̄
and inclusive decays. Belle II will provide
independent verification of the deviations ob-
served by LHCb, such as lepton universality in
B ! K⇤(e+e�, µ+µ�) decays.
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Angular analysis — B→K*ℓ+ℓ- at Belle II
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Table 66: The Belle II sensitivities of the angular observables in B ! K⇤`+`�. Some numbers

at Belle are extrapolated to 0.71 ab�1.

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

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

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

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

FL (> 14.2 GeV2) 0.088 0.027 0.009

P1 ([1.0, 2.5] GeV2) 0.59 0.24 0.078

P1 ([2.5, 4.0] GeV2) 0.53 0.21 0.071

P1 ([4.0, 6.0] GeV2) 0.43 0.17 0.057

P1 (> 14.2 GeV2) 0.33 0.12 0.040

P2 ([1.0, 2.5] GeV2) 0.32 0.12 0.040

P2 ([2.5, 4.0] GeV2) 0.30 0.11 0.036

P2 ([4.0, 6.0] GeV2) 0.24 0.090 0.029

P2 (> 14.2 GeV2) 0.086 0.034 0.011

P3 ([1.0, 2.5] GeV2) 0.32 0.12 0.040
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The figure thus allows to determine the significance with which future Belle II measurements
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For comparison, the 1�, 2� and 3� regions in the CNP
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10 plane that are obtained from

the global analysis [612] are also shown in Figure 94 as red contours. One can see that

Belle II would exclude the SM by more than 5� if the central value CNP
9 = �1 preferred by

the global fit turns out to be correct. Notice that since the underlying hadronic uncertainties
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Table 66: The Belle II sensitivities of the angular observables in B ! K⇤`+`�. Some numbers
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• Precise measurement of B → K* ℓ+ℓ- in the low-q2 and high-q2 at Belle II will 

provide important cross-check to the anomaly in B → K*µ+µ- 

• Sensitivity of ~5 ab-1 of Belle II data (~2023) will be comparable to 4.7 fb-1 of LHCb 

data.

'  P’5Úú=Ñ�öSMáĄú	¯úÈùĞŁ 

$  LHCb õú®z�âSMú	¯áĄìćôÝî 

$ Belle ņÓATLAS úħŅġĂ+êa,ù	¯�áĄĞŁ�

$ CMS ú�ûSMú	¯ö�úöæĈconsistent 

LHCb, JHEP 1602 (2016) 104�

2.BD5ŁİļŅ�

• Angular observables P’i=4,5,6,8 are theoretically 

interesting and sensitive to C7, C9 and C10

the Belle detector at the asymmetric-energy eþe− collider KEKB. The result is consistent with standard
model (SM) expectations, where the largest discrepancy from a SM prediction is observed in the muon
modes with a local significance of 2.6σ.

DOI: 10.1103/PhysRevLett.118.111801

In this Letter, a measurement of angular observables
and a test of lepton flavor universality (LFU) in the B →
K"lþl− decay is presented, where l ¼ e, μ. The B →
K"lþl− decay involves the quark transition b → slþl−, 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 [1]. In recent years,
several measurements have shown deviations from the SM
in this particular decay [2–4]. Global analyses of B decays
hint at lepton-flavor nonuniversality, in which case, muon
modes would have larger contributions from NP than
electron modes [5].

The decay can be described kinematically by three
angles θl, θK , ϕ, and the invariant mass squared of
the lepton pair q2 ≡M2

llc
2. The angle θl is defined as the

angle between the direction of lþðl−Þ and the direction
opposite the BðB̄Þ in the dilepton rest frame. The angle θK
is defined as the angle between the direction of the
kaon and the direction opposite the BðB̄Þ in the K" rest
frame. Finally, the angle ϕ is defined as the angle between
the plane formed by the lþl− system and the K" decay
plane in the BðB̄Þ rest frame. The differential decay rate
can be parametrized using definitions presented in
Ref. [6] by

1

dΓ=dq2
d4Γ

d cos θld cos θKdϕdq2
¼ 9

32π

!
3

4
ð1 − FLÞsin2θK þ FLcos2θKþ

1

4
ð1 − FLÞsin2θK cos 2θl

− FLcos2θK cos 2θl þ S3sin2θKsin2θl cos 2ϕþ S4 sin 2θK sin 2θl cosϕ

þ S5 sin 2θK sin θl cosϕþ S6sin2θK cos θl þ S7 sin 2θK sin θl sinϕ

þ S8 sin 2θK sin 2θl sinϕþ S9sin2θKsin2θl sin 2ϕ
"
; ð1Þ

where the observables FL and Si are functions of q2 only.
The observables P0

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

P0
i¼4;5;6;8 ¼

Sj¼4;5;7;8ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
FLð1 − FLÞ

p ; ð2Þ

are considered to be largely free of form-factor uncertain-
ties [8]. Any deviation from zero in the difference Qi ¼
Pμ
i − Pe

i would be a direct hint of new physics [9]; here,
i ¼ 4, 5, and Pl

i refers to P0
4;5 in the corresponding lepton

mode. The definition of P0
i values follows the LHCb

convention [2].
In previous measurements of the P0

i observables, only B
0

decays, followed by K"0 decays to Kþπ−, were used [2].
This measurement also uses Bþ decays, where K"þ →
Kþπ0 or K0

Sπ
þ. In total, the decay modes B0 → K"0μþμ−,

Bþ → K"þμþμ−, B0 → K"0eþe−, and Bþ → K"þeþe− are
reconstructed, where the inclusion of charge-conjugate
states is implied if not explicitly stated. The full ϒð4SÞ
data sample is used containing 772 × 106 BB̄ pairs
recorded with the Belle detector [10] at the asymmetric-
energy eþe− collider KEKB [11]. The Belle detector is a
large-solid-angle magnetic spectrometer 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 arrangement of time-of-flight scintil-
lation counters (TOF), and an electromagnetic calorimeter
comprised of CsI(Tl) crystals (ECL), located inside a
superconducting solenoid coil that provides a 1.5 T mag-
netic field. An iron flux return, located outside of the coil, is
instrumented to detect K0

L mesons and to identify muons
(KLM). The detector 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
radiation 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 (jdzj < 5.0 cm) and in the transverse
plane (dr < 1.0 cm). For electrons, muons, Kþ, and πþ, a
particle identification likelihood is calculated from the
energy loss in the CDC (dE=dx), time-of-flight measure-
ments 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, energy loss from
bremsstrahlung is recovered by adding to the candidate the
momenta of photons in a cone of 0.05 radians around the
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9 Radiative and Electroweak Penguin B Decays
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Fig. 93: Angular conventions used in the description of the B̄ ! K̄⇤ (! K̄⇡) `+`� decay.

coe�cients [588]

Sj =
�
Ij + Īj

�. d�

dq2
, Aj =

�
Ij � Īj

�. d�

dq2
, (262)

respectively. The two most measured angular observables are the forward-backward asym-

metry and the K⇤ longitudinal polarisation fraction:

AFB =
3

4
S6s +

3

8
S6c , FL = �S2c . (263)

By exploiting symmetry relations it is also possible to construct CP -averaged observables

that are largely insensitive to form-factor uncertainties [591–593]. These are

P1 =
S3

2S2s
, P2 =

S6s

8S2s
, P3 = � S9

4S2s
, (264)

as well as

P 0

4 =
S4

2
p

�S2sS2c
, P 0

5 =
S5

2
p

�S2sS2c
,

P 0

6 =
S7

2
p

�S2sS2c
, P 0

8 =
S8

2
p

�S2sS2c
.

(265)

The above definitions of the coe�cients Sj and the observables Pi and P 0

i correspond to

those used by LHCb [389]. Analog CP -violating observables PCP
i and P 0CP

i can be defined by

simply replacing the coe�cient Sj in the numerator of Pi and P 0

i by the corresponding coef-

ficient Aj . Notice that the observables P1 and P2 are commonly also called A(2)
T = P1 [594],

A(re)
T = 2P2 and A(im)

T = �2P3 [595].

In order to illustrate the importance of Belle II measurements of the observables defined

in (263) to (265), we consider the two cases P1 and P 0
5. At small di-lepton masses the

angular variable P1 is sensitive to the photon polarisation. In fact, in the heavy-quark and

large-energy limit and ignoring ↵s and ms/mb suppressed e↵ects, one finds

A(2)
T ' 2Re (C7C 0

7)

|C7|2 + |C 0
7|2

, A(im)
T ' 2Im (C7C 0

7)

|C7|2 + |C 0
7|2

. (266)

To maximise the sensitivity to the virtual photon, it is necessary to go to very small q2 which

is only possible in the case of the decay B ! K⇤e+e�. Precision measurement of P1 as well
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Figure 7: Sensitivity to an inclusive lepton uni-

versality ratio defined in Equation 1, for

two regions of squared invariant mass of

the lepton pair. To appear in [29].

squared invariant mass of the lepton pair,
1 < q2 < 6 GeV2/c4 [35]. Belle II will not over-
take the precision of these measurements but
will perform an independent verification. With
approximately 10 ab�1 (3 ab�1) Belle II will
reach the current precision of RK (RK⇤). How-
ever an analogous definition in terms of the in-
clusive decays,

RXs ⌘ B [B ! Xsµ+µ�]

B [B ! Xse+e�]
, (1)

can be made. Such an observable would be chal-
lenging for LHCb, but could be measured with
percent-level precision at Belle II as shown in
Figure 7.

It is also possible to measure the di↵eren-
tial branching fraction (dB/dq2), ACP, and per-
form an angular analysis for these inclusive
B ! Xe+e� and B ! Xµ+µ� decays. In con-
trast to the angular analysis of the exclusive
B ! K⇤µ+µ� decay with many observables, in
an inclusive angular analysis it is only possible
to measure the forward-backward asymmetry of
the leptons (AFB). Current precision [36–38] is
around 30% for dB/dq2, and 20% for AFB and
ACP. Belle II will reach a precision of around
7% for dB/dq2 and 2 � 3% for AFB and ACP.
Figures 8 and 9 show the sensitivity for the for-

Figure 8: Sensitivity to the di↵erential branching

fraction (dB/dq2) in B ! Xs`
+`� de-

cays, for three regions of squared invari-

ant mass of the lepton (` = e, µ) pair.

To appear in [29].

mer two of these observables.

6.3. b ! s⌫⌫̄

Assuming that the B ! K⇤⌫⌫̄ decay occurs at
the rates predicted by the SM [39,40],

B
⇥
B+ ! K+⌫⌫̄

⇤
= (4.7 ± 0.6) ⇥ 106;

B
⇥
B0 ! K⇤0⌫⌫̄

⇤
= (9.5 ± 1.1) ⇥ 106,

Belle II will observe the process and measure
the branching fraction with 10 � 11% uncer-
tainty in 50 ab�1. This decay mode is of similar
interest to B0 ! K⇤0µ+µ� in terms of sensi-
tivity to CNP

9,10, however probing B ! K⇤⌫⌫̄ de-
cays also provides orthogonal information. For
B ! K⇤⌫⌫̄, the factorisation of hadronic e↵ects
is exact (since neutrinos are electrically neutral)
and could be used to extract B ! K hadronic
form-factors to high accuracy [29]. It is also
possible that B ! K⇤⌫⌫̄ can provide model-
dependent information to disentangle possible
NP e↵ects behind the current anomalies [39].

Experimentally, it is possible to use full event
reconstruction and construct the sum of the
missing energy and missing momentum in the
e+e� centre-of-momentum frame. The distri-
bution of this variable is shown in Figure 10.
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• RK(*)  anomalies will be cross-checked at Belle II 

‣ Similar reco efficiency/purity for electron and muon 

‣ Sensitive to both low- and high-q2  

‣ In addition to RK(*), Rxs can also be measured

RK ú®zùčĭĶĿŅĊ�¬�

RK =
Br(B+ → K +µ+µ− )
Br(B+ → K +e+e− )

! 1 GeV2 < q2 < 6 GeV2 úÐ2õSMáĄú	¯áĄĞŁ�

~2.6 σ level�

LHCb, PRL 113 (2014) 151601�

2.BD5ŁİļŅ�

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
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Figure 9. Distributions of the RK∗0 delta log-likelihood for the three trigger categories separately
and combined.

low-q2 central-q2

RK∗0 0.66 + 0.11
− 0.07 ± 0.03 0.69 + 0.11

− 0.07 ± 0.05

95.4% CL [0.52, 0.89] [0.53, 0.94]

99.7% CL [0.45, 1.04] [0.46, 1.10]

Table 5. Measured RK∗0 ratios in the two q2 regions. The first uncertainties are statistical and
the second are systematic. About 50% of the systematic uncertainty is correlated between the
two q2 bins. The 95.4% and 99.7% confidence level (CL) intervals include both the statistical and
systematic uncertainties.

Figure 10. (Left) Comparison of the LHCb RK∗0 measurements with the SM theoretical predic-
tions: BIP [26] CDHMV [27–29], EOS [30–32], flav.io [33–35] and JC [36]. The predictions are
displaced horizontally for presentation. (right) Comparison of the LHCb RK∗0 measurements with
previous experimental results from the B factories [4, 5]. In the case of the B factories the specific
vetoes for charmonium resonances are not represented.
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Q5 = P5’P –P5’e

• Q5 = P5’P –P5’e

– 5.3% with 50/ab
– Can disentangle the NP effect

• We can also measure AFB difference between 
electron and muon modes with inclusive decays.

SM : gray
NP : red

Capdevila, Descotes-Genon, Matias and Virto 1605.03156
Overlaid Belle II sensitivity

Belle II 50ab-1

S. Wehle, Belle Collaboration, Phys.Rev.Lett. 118 (2017) no.11, 111801
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• Further lepton universality test can be 

performed by looking at other observables 

such as Q5 (or ΔAFB) in B → K* ℓ+ℓ- channel

9 Radiative and Electroweak Penguin B Decays

new physics modifies the di-muon channels only and that the relevant corrections are real,

one obtains numerically

RK [1, 6] ' 1 + 0.24
⇣
CNPµ

LL + Cµ
RL

⌘
,

RK⇤ [1, 6] ' 1 + 0.24
⇣
CNPµ

LL � Cµ
RL

⌘
+ 0.07 Cµ

RL ,

(272)

where we have introduced the chiral Wilson coe�cients

CNP`
LL = CNP`

9 � CNP`
10 , C`

RL = C 0`
9 � C 0`

10 . (273)

From (272) one observes that RK only probes the combination CNP`
LL + C`

RL of Wilson coef-

ficients, while RK⇤ is mostly sensitive to CNP`
LL � C`

RL. The observables RK and RK⇤ thus

provide complementary information as they constrain di↵erent chirality structures of possible

lepton flavour universality violating new physics in rare B decays. Notice furthermore that

measurements of lepton flavour universality double ratios such as RK/RK⇤ ' 1 + 0.41 Cµ
RL

directly probe right-handed currents in a theoretically clean way [598].

Belle II will also be able to perform lepton flavour universality tests using angular observ-

ables. Suitable variables include di↵erences of angular observables in B ! K⇤µ+µ� and

B ! K⇤e+e� [599, 600], for instance �AFB
= AFB(B ! K⇤µ+µ�) � AFB(B ! K⇤e+e�) or

Qi = Pµ
i � P e

i . The di↵erences in angular observables are predicted to be zero in the SM

with high accuracy. Non-zero values would therefore again be an indication of new physics.

The recent LHCb measurements of RK [1, 6] = 0.745+0.090
�0.074 ± 0.036 [391] and RK⇤ [1.1, 6] =

0.69+0.11
�0.07 ± 0.05 [392] deviate by 2.6� and 2.4� from their SM values. Previous measurements

from BaBar [601] and Belle [602] have considerably larger uncertainties and are compatible

with both the SM prediction and the LHCb results. New physics that only modifies the

b ! sµ+µ� transition but leaves b ! se+e� una↵ected can explain the deviations seen in

the lepton flavour universality ratios RK and RK⇤ and simultaneously address other B-

physics anomalies, like the discrepancy in P 0
5 [389] and the too low Bs ! �µ+µ� branching

ratio [499]. Independent validations of the deviations observed in P 0
5, RK and RK⇤ are needed

to build a solid case for new physics. In the near future, Belle II is the only experiment that

can perform such cross-checks.

9.4.4. Measurements of B ! K(⇤)`+`�. (Contributing authors: A. Ishikawa and

S. Wehle)

The b ! s`+`� transition has first been observed in 2001 by Belle in the B ! K`+`�

channel [603]. Two years later in 2003, Belle then observed the B ! K⇤`+`� mode [604].

These observations opened the door for new-physics searches via EW penguin B decays.

The branching ratio and forward-backward asymmetry as a function of q2 in B ! K(⇤)`+`�

are important observables. A first measurement of the forward-backward asymmetry was

also done by Belle in 2006 [605]. By now, several experiments have measured them [393,

394, 602, 606–609]. Due to the spin structure of the K⇤ meson, a full angular analysis of

B ! K⇤`+`� with optimised observables is a very powerful way to search for new physics.

These optimised angular observables are less sensitive to form factor uncertainties that

plague the theory calculations.
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• First measurement of Q5 at Belle (2017)  

— Belle II will be able to measure it with 

much higher accuracy 

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
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• Theoretically and experimentally cleaner than b→sℓ+ℓ- thanks to 

 no photon mediated contribution

! → #''̅

• Theoretically cleaner than ! → #ℓ!ℓ" due to the 
absence of photon mediated contribution.
• In the SM, only K$ is relevant.

• Experimentally, the decay has never been observed.
• Two neutrinos cannot be detected.
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Figure 7: Sensitivity to an inclusive lepton uni-

versality ratio defined in Equation 1, for

two regions of squared invariant mass of

the lepton pair. To appear in [29].

squared invariant mass of the lepton pair,
1 < q2 < 6 GeV2/c4 [35]. Belle II will not over-
take the precision of these measurements but
will perform an independent verification. With
approximately 10 ab�1 (3 ab�1) Belle II will
reach the current precision of RK (RK⇤). How-
ever an analogous definition in terms of the in-
clusive decays,

RXs ⌘ B [B ! Xsµ+µ�]

B [B ! Xse+e�]
, (1)

can be made. Such an observable would be chal-
lenging for LHCb, but could be measured with
percent-level precision at Belle II as shown in
Figure 7.

It is also possible to measure the di↵eren-
tial branching fraction (dB/dq2), ACP, and per-
form an angular analysis for these inclusive
B ! Xe+e� and B ! Xµ+µ� decays. In con-
trast to the angular analysis of the exclusive
B ! K⇤µ+µ� decay with many observables, in
an inclusive angular analysis it is only possible
to measure the forward-backward asymmetry of
the leptons (AFB). Current precision [36–38] is
around 30% for dB/dq2, and 20% for AFB and
ACP. Belle II will reach a precision of around
7% for dB/dq2 and 2 � 3% for AFB and ACP.
Figures 8 and 9 show the sensitivity for the for-

Figure 8: Sensitivity to the di↵erential branching

fraction (dB/dq2) in B ! Xs`
+`� de-

cays, for three regions of squared invari-

ant mass of the lepton (` = e, µ) pair.

To appear in [29].

mer two of these observables.

6.3. b ! s⌫⌫̄

Assuming that the B ! K⇤⌫⌫̄ decay occurs at
the rates predicted by the SM [39,40],

B
⇥
B+ ! K+⌫⌫̄

⇤
= (4.7 ± 0.6) ⇥ 106;

B
⇥
B0 ! K⇤0⌫⌫̄

⇤
= (9.5 ± 1.1) ⇥ 106,

Belle II will observe the process and measure
the branching fraction with 10 � 11% uncer-
tainty in 50 ab�1. This decay mode is of similar
interest to B0 ! K⇤0µ+µ� in terms of sensi-
tivity to CNP

9,10, however probing B ! K⇤⌫⌫̄ de-
cays also provides orthogonal information. For
B ! K⇤⌫⌫̄, the factorisation of hadronic e↵ects
is exact (since neutrinos are electrically neutral)
and could be used to extract B ! K hadronic
form-factors to high accuracy [29]. It is also
possible that B ! K⇤⌫⌫̄ can provide model-
dependent information to disentangle possible
NP e↵ects behind the current anomalies [39].

Experimentally, it is possible to use full event
reconstruction and construct the sum of the
missing energy and missing momentum in the
e+e� centre-of-momentum frame. The distri-
bution of this variable is shown in Figure 10.

7

[JHEP02 (2015)184]

• The decay has never been observed yet 

Theoretical prediction:  

• Belle II is expected to observe B→K(*)vv with 5 ab-1 if it’s at the SM rate: 

• 10% BF measurement at 50 ab-1

-10-6

10-6
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the “Belle II Simulation” Section 4), in two configuration: physics events superimposed to

the nominal machine background (“BGx1” configuration), physics events without machine

background (“BGx0” configuration). We considered the B± ! K⇤±⌫⌫̄ channel with K⇤±

reconstructed in the K±⇡0 final state.

The used generic MC samples consist of a mixture of B+B�, B0B̄0, uū, dd̄, cc̄, and ss̄

corresponding to 1 ab�1 of data. About 1 million signal MC events, with K⇤± decaying

to both K±⇡0 and K0
S⇡± have also been generated. The signal signature in the recoil of

a B reconstructed in hadronic final states are searched for. To do that the o�cial FEI

algorithm (see Section 6.6) with ad-hoc refinements on particle identification and cluster

cleaning, as done for the B+ ! ⌧+⌫ analysis documented in Section 8.3, are used.

We select ⌥ (4S) candidates in which the Btag probability given by the FEI is higher

than 0.5%. Moreover, no extra-tracks (tracks not associated to the signal B meson nor to
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• Distributions of missing 4-momentum in the CM 

frame with hadronic tag. Bkg norm corresponds 

to 1 ab-1, while the signal norm arbitrary.

Analysis strategy

Analysis strategy

Exclusive: Reconstruct a specific decay channel, say B ! K ⇤�

Inclusive: B ! Xs�, where Xs is any strange final state
* Semi-inclusive or sum-of-exclusive: Reconstruct Xs from as

many final states as possible
* Fully inclusive1

Hadronic tagged B ! Xs� event in
center-of-mass frame

1For details look FEI talk by Slavomira Stefkova

S.Halder Results and prospects of EWP decays at Belle II 10th
June, 2020 (Wednesday) 5 / 25

• Since there’re two neutrinos in the final state, 

the other B meson needs to be fully 

reconstructed (Full Event Interpretation*) 

 

— hadronic (low eff) and semi-leptonic 

(higher eff) tagging

Ref: [*] 10.1007/s41781-019-0021-8 Emiss+cpmiss [GeV]

https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1007/s41781-019-0021-8
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• In addition to BF, fraction of longitudinal polarization (FL) is sensitive to BSM 

• Full Belle II sensitivity to FL (~0.47 ± 0.03 in SM) is about 0.08 for K*0/+vv

9 Radiative and Electroweak Penguin B Decays
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Fig. 97: Constraint on new-physics contributions to the Wilson coe�cients CNP
L and CR

normalised to the SM value of CL, assuming them to be real and independent of the neutrino

flavour. Dashed (dotted) lines show 90% C.L. excluded regions from upper limits on Br(B !
K(⇤)⌫⌫̄) at Belle and Babar, green (purple) band represents 68% CL allowed region from

expected measurements of Br(B ! K(⇤)⌫⌫̄) at Belle II, and orange band gives 68% CL

allowed region from expected measurements of FL(K⇤) and the branching ratio in B ! K⇤⌫⌫̄

at Belle II.

hierarchical reconstruction method [631], which can increase the tagging e�ciency by a

factor of two. Another factor of two improvement can be obtained by introducing the FEI.

Requirements on event shape variables using multivariate techniques to suppress continuum

and ⌧+⌧� backgrounds are promising to improve the sensitivity further. In combination, an

improvement by a factor of five on the e�ciency of the hadronic tagging analysis is expected

at Belle II. Such an improvement is still not su�cient to beat the semi-leptonic tagging

analysis, which is expected to provide upper limits on the branching ratios that are three

times better than those following from hadronic tagging. By combining hadronic and semi-

leptonic tagging, Belle II is expected to set an upper limit on Br(Bd ! ⌫⌫̄) of 1.5 · 10�6

with 50 ab�1 of integrated luminosity.

The hadronic Bs tagging e�ciency using a hierarchical reconstruction method gives an

e�ciency that is two times better than that for Bd. The semi-leptonic tagging is not tried

yet, however it is expected that the tagging e�ciency is smaller than that for Bd, since

the dominant semi-leptonic decay B0
d ! D⇤�`+⌫ is clean due to the small mass splitting of

D⇤� and D̄0⇡�. We conservatively assume that the semileptonic Bs tagging is three times

worse than that for Bd. By combining the hadronic and semi-leptonic tagging, it is expected

that an upper limit on Br(Bs ! ⌫⌫̄) of 1.1 · 10�5 can be set with the full data set of 5 ab�1

collected at ⌥ (5S).

A summary of the Belle II sensitivities for the modes with neutrinos in the final sates is

presented in Table 69.
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Constraint on Wilson coefficients: CR and CLNP
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expected measurements of Br(B ! K(⇤)⌫⌫̄) at Belle II, and orange band gives 68% CL

allowed region from expected measurements of FL(K⇤) and the branching ratio in B ! K⇤⌫⌫̄

at Belle II.

hierarchical reconstruction method [631], which can increase the tagging e�ciency by a

factor of two. Another factor of two improvement can be obtained by introducing the FEI.

Requirements on event shape variables using multivariate techniques to suppress continuum

and ⌧+⌧� backgrounds are promising to improve the sensitivity further. In combination, an

improvement by a factor of five on the e�ciency of the hadronic tagging analysis is expected

at Belle II. Such an improvement is still not su�cient to beat the semi-leptonic tagging

analysis, which is expected to provide upper limits on the branching ratios that are three

times better than those following from hadronic tagging. By combining hadronic and semi-

leptonic tagging, Belle II is expected to set an upper limit on Br(Bd ! ⌫⌫̄) of 1.5 · 10�6

with 50 ab�1 of integrated luminosity.

The hadronic Bs tagging e�ciency using a hierarchical reconstruction method gives an

e�ciency that is two times better than that for Bd. The semi-leptonic tagging is not tried

yet, however it is expected that the tagging e�ciency is smaller than that for Bd, since

the dominant semi-leptonic decay B0
d ! D⇤�`+⌫ is clean due to the small mass splitting of

D⇤� and D̄0⇡�. We conservatively assume that the semileptonic Bs tagging is three times

worse than that for Bd. By combining the hadronic and semi-leptonic tagging, it is expected

that an upper limit on Br(Bs ! ⌫⌫̄) of 1.1 · 10�5 can be set with the full data set of 5 ab�1

collected at ⌥ (5S).

A summary of the Belle II sensitivities for the modes with neutrinos in the final sates is

presented in Table 69.
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Table 69: Sensitivities to the modes involving neutrinos in the final states. We assume that

5 ab�1 of data will be taken on the ⌥ (5S) resonance at Belle II. Some numbers at Belle are

extrapolated to 0.71 ab�1 (0.12 ab�1) for the Bu,d (Bs) decay.

Observables Belle 0.71 ab�1 (0.12 ab�1) Belle II 5 ab�1 Belle II 50 ab�1

Br(B+ ! K+⌫⌫̄) < 450% 30% 11%

Br(B0 ! K⇤0⌫⌫̄) < 180% 26% 9.6%

Br(B+ ! K⇤+⌫⌫̄) < 420% 25% 9.3%

FL(B0 ! K⇤0⌫⌫̄) – – 0.079

FL(B+ ! K⇤+⌫⌫̄) – – 0.077

Br(B0 ! ⌫⌫̄) ⇥ 106 < 14 < 5.0 < 1.5

Br(Bs ! ⌫⌫̄) ⇥ 105 < 9.7 < 1.1 –

9.5.4. Interpreting missing energy signals as non-standard invisible states. (Contributing

author: C. Smith)

The successes of the SM do not rule out the presence of new light particles. Indeed, if

they are su�ciently weakly interacting with SM particles, they could have evaded direct

detection until now. One could think for example of the extreme situation in which a unique

new particle, fully neutral under the whole SM gauge group, is added to the SM. Our only

window to discover such a particle would be its gravitational interactions, and there would

be no hope of an earth-based discovery in the foreseeable future. In a more realistic setting

though, new neutral light particles would be accompanied by new dynamics at some scale.

Presumably, this new dynamics would also a↵ect the SM, and would thus indirectly couple

the visible and hidden sectors.

There are many examples of such BSM models. The most well-known example is the

axion [632–635], introduced to cure the strong CP problem of the SM. More crucially, there

are now very strong indications that the universe is filled with dark matter, so there should

be at least one new electrically neutral colourless particle, possibly lighter than the EW scale.

Once opening that door, it is not such a drastic step to imagine a whole dark sector, i.e. a set

of darkly interacting dark particles only loosely connected to our own visible sector. For a

recent review, including further physical motivations from string theory or extra dimensional

settings, see for instance [636].

Experimental Searches. New light states could show up as missing energy in some process

A ! BXdark, with A and B some SM particle states and Xdark representing one or more

dark particles. Because of their very weak couplings, high luminosity is crucial to have any

hope of discovery, and except in some special circumstances colliders cannot compete with

low-energy experiments yet.
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Measurements of BÆK(*)QQ
• We can observe the BÆK(*)QQ at early 

stage (several ab-1) of Belle II, and the 
sensitivity of the BF is 10% level with 50ab-1.

• We can measure the FL(K*), which is less 
sensitive to form factor uncertainties than 
BF, with 20% precision with 50ab-1

D. Straub, Belle II Physics Book
Inputs from AI and E. Manoni
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• Belle II has been running well collecting 74 fb-1 data even during 

COVID19 pandemic. 

• Many interesting results (B→Xsγ, B→Xs ℓ+ℓ-, K*vv) will be out in 

the area of radiative and EWK penguin searches — Stay tuned!

Conclusion
Belle II collected 74.10 fb-1 integrated luminosity

• ~10 times more in this summer than last year.

• Measurements in various processes have been started.
• Rediscovery of * → +∗%.

• First results in ! → #ℓ!ℓ" and ! → #((̅ in progress.

Goal : L = 50 ab-1 by ~2030

• Confirm or exclude the anomalies with * → 0&ℓ!ℓ".

• Discover * → + ∗ ((̅ at early stage and precise 
measurements will be performed.

ICHEP 2020, July 30th Yo Sato (Tohoku University)
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Fig. 94: Exclusion contours in the CNP
9 – CNP

10 plane resulting from future inclusive b ! s`+`�

measurements at Belle II. For comparison the constraints on CNP
9 and CNP

10 following from

the global fit presented in [612] is also shown.

in the inclusive mode are independent of those that enter exclusive transitions, precision

measurements of the B ! Xs`+`� channel provide important complementary information

in the context of global fits. This shows that Belle II can play a decisive role in the search

for new physics via b ! s`+`� transitions.

9.5. Missing Energy Channels: B ! K(⇤)⌫⌫̄ and Bq ! ⌫⌫̄

9.5.1. B ! K(⇤)⌫⌫̄ transitions. (Contributing author: D. Straub)

The B ! K(⇤)⌫⌫̄ decays provide clean testing grounds for new dynamics modifying the

b ! s transition [613–615]. Unlike in other B-meson decays, factorisation of hadronic and

leptonic currents is exact in the case of B ! K(⇤)⌫⌫̄ because the neutrinos are electrically

neutral. Given the small perturbative and parametric uncertainties, measurements of the

B ! K(⇤)⌫⌫̄ decay rates would hence in principle allow to extract the B ! K(⇤) form factors

to high accuracy.

Closely related to the B ! K(⇤)⌫⌫̄ modes are the B decays that lead to an exotic final

state X, since the missing energy signature is the same. Studies of such signals are very

interesting in the dark matter context and may allow to illuminate the structure of the

couplings between the dark and SM sectors [616].

B ! K(⇤)⌫⌫̄ in the SM. Due to the exact factorisation, the precision of the SM prediction

for the branching ratios of B ! K(⇤)⌫⌫̄ is mainly limited by the B ! K(⇤) form factors

and by the knowledge of the relevant CKM elements. The relevant Wilson coe�cient is

known in the SM, including NLO QCD and NLO EW correction to a precision of better
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• Hadronic uncertainties in the 

inclusive and exclusive 

measurements are independent, and 

hence the difference between the two 

may be explained by these 

uncertainties (e.g. charm loop 

contribution) 

• Belle II is capable of doing both 

measurements!
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Large mixing in BSM scenarios

• In the SM, γ is mostly left-handed and right-handed γ is suppressed by O(ms/mb).  

• However, the right-handed may be induced by BSM effect and mix with the left-

handed. If the hadronic system is in CP eigenstate, large TCPV can be seen 
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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
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