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Existing anomalies in B decays
3σ anomalies from Belle, BaBar, and LHCb:

• Ratio of                    to
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• Angular distribution of 
• |Vub| from exclusive and inclusive decays
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Signatures of New 
Physics? 

Need more data!

deviation from Standard Model (SM)

R
D(*)

= Br(B→ D *( )τν )
Br(B→ D *( )lν )

~4.0σ• _

[PRL 113, 151601 (2014)]

RK = Br(B→ Kµ+µ− )
Br(B→ Ke+e− )

~2.6σ

deviation from SM

• _

~3.7σ (LHCb), ~2.6σ (Belle)
deviation from SM prediction in P5’ for 
4<q2<8 GeV2

• B→K*μ+μ-

b ! s`` and Radiative decays at Belle

Result P0
5 - Result for Combined Data

I Measurements are compatible with the SM
I Similar central values for the P0

5 anomaly with 2.5� tension
I But we can do more...

Simon Wehle (Deutsches Elektronen-Synchrotron) 12
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We need more data!
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electron		(7GeV)�

positron	(4GeV)�

KL	and	muon	detector:	
Resis:ve	Plate	Counter	(barrel)	
Scin:llator	+	WLSF	+	MPPC	(end-caps)�

Par:cle	Iden:fica:on		
Time-of-Propaga:on	counter	(barrel)	
Prox.	focusing	Aerogel	RICH	(fwd)	

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

EM	Calorimeter:	
CsI(Tl),	waveform	sampling	(barrel)	
Pure	CsI	+	waveform	sampling	(end-caps)	

Vertex	Detector	
2	layers	DEPFET	+	4	layers	DSSD	

Beryllium	beam	pipe	
2cm	diameter	

SuperKEKB Status and Schedule

9

SuperKEKB luminosity projection

Goal of Be!e II/SuperKEKB"

9 months/year
20 days/month
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Calendar Year

            BEACH 2016 |    Physics prospects at Belle II            |          J. Bennett

SuperKEKB
6

Feb	2016:	First	Turns	at	SuperKEKB	  
(4	GeV	e+	and	7	GeV	e-)

8s-
1 ]

*gray	-	recycled,	color	-	new June 2016:  (LER beam current 850 mA, 
HER at 770 mA)

Lint > 50 ab-1 by 2024 (50 x Belle) 

Lpeak = 8 x 1035 cm-2s-1 (40 x KEKB)

• full solid angle detector; clean event 
environment; well defined initial state.

• Improved detector efficiency and purity 
(tracking, PID, K/π separation, …).

• Good and efficient reconstruction of 
decays with neutrals.

• Smarter software and precise algorithms.

@ SuperKEKB

Covered by Hiroshi Kaji (SuperKEKB) and Katsuro Nakamura (Belle II) 
on Monday (Dec. 5 2016)
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• Radiative and Electroweak Penguin B Decays  

• Branching Fraction of B → Xs γ

• Direct CP Asymmetry in  B → X(s+d) γ 

• Time Dependent CP Violation in B → K*0 γ

• Electroweak penguin b → s l+ l- 

• Missing Energy Decay B → K(*) ν ν
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• Flavour-Changing Neutral Currents (FCNC): occur only at the loop level.

• Non-SM particles (eg. H- in Two-Higgs-Doublet Model type II (2HDM-II)) 
may contribute to loop and box diagrams.

Electroweak Penguin Decays

2

• All heavy particles of SM (t, 
W, Z) appear in the process.

• NP maybe enter into the loop, 
Sensitive to NP via 
interference. 

• Electroweak Penguin Decays 
with Flavour Changing 
Neutral Currents (FCNC)

• Occur in the SM only at the 
loop level

B→Xsγ

B→Κ(*)l+l-, l=e,μ 
B→Κ(*)νν 
B→Xsll

B→Κ(*)τ+τ- 
B→Xsτ+τ-  
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Electroweak Penguin Decays

2

• All heavy particles of SM (t, 
W, Z) appear in the process.

• NP maybe enter into the loop, 
Sensitive to NP via 
interference. 

• Electroweak Penguin Decays 
with Flavour Changing 
Neutral Currents (FCNC)

• Occur in the SM only at the 
loop level

B→Xsγ

B→Κ(*)l+l-, l=e,μ 
B→Κ(*)νν 
B→Xsll

B→Κ(*)τ+τ- 
B→Xsτ+τ-  

FPCP, Pasadena, June 2016 John Walsh, INFN Pisa

Introduction

• Flavour-changing neutral current process: prohibited at tree level in the 
Standard Model (SM) → New Physics (NP) contributions enter at same 
order as SM physics

• In many NP models, the SM particles in the loops are replaced by new 
heavy particles, new masses, new couplings → modify quantities that we 
can measure

- Branching Fractions, CP and Isospin asymmetries, observables from 
angular distributions

3

T. Blake

Exploring FCNC processes
• Flavour changing neutral current transitions only occur at loop order 

(and beyond) in the SM. 

!

!

!
• New particles can contribute at loop or tree level:  

!

!

!

• Enhancing/suppressing decay rates, introducing new sources of CP 
violation or modifying the angular distribution of the final-state particles 

2

b s

µ+

µ−
ν

W− W+

tb s

µ+

µ−

t

γ, Z0

W−

b s

µ+

µ−
ν

H− H+

tb s

µ+

µ−

d̃i

γ, Z0

χ̃0 b s

µ+

µ−

d̃i

H0

g̃ b s

µ+

µ−
Z ′

SM diagrams involve 
the charged current 
interaction.

l+

l-

l+

l-
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• Efective Hamiltonian for b → s transition (leading contribution): 

Heff = − 4GF

2
VtbVts

* CiOi
i
∑

• Ci are Wilson coefficients, and Oi are the corresponding effective operators 

• i = 1, 2        Tree 

• i = 3-6, 8     Gluon penguin

• i = 7            Photon penguin

• i = 9, 10       Electroweak penguin 

• i = S, P        (Pseudo)scalar penguin 

• Decays sensitive to different Wilson coefficients:

• B → Xs γ           C7

• B → Xs l+ l-       C7, C9, C10

Pre$SUSY(School(2016,(Flavour(Physics Phillip(URQUIJO

EW(Penguin(TheoreGcal(Framework

• Describe(b→s(transiGons(by(an(effecGve(Hamiltonian.((

• Long'distance(effects(absorbed(in(the(definiGon(of(the(
operators(Oi,(while(interesGng(short'distance(can(be(
computed(perturbaGvely(in(the(Wilson'coefficients'Ci.

60
84 

Describe b!s transitions by an effective Hamiltonian. 
 
Long distance effects absorbed in the definition of the 
operators Oi, while the interesting short distance can be 
computed perturbatively in the Wilson coefficients Ci. 

84 

Describe b!s transitions by an effective Hamiltonian. 
 
Long distance effects absorbed in the definition of the 
operators Oi, while the interesting short distance can be 
computed perturbatively in the Wilson coefficients Ci. 

84 

Describe b!s transitions by an effective Hamiltonian. 
 
Long distance effects absorbed in the definition of the 
operators Oi, while the interesting short distance can be 
computed perturbatively in the Wilson coefficients Ci. 

84 

Describe b!s transitions by an effective Hamiltonian. 
 
Long distance effects absorbed in the definition of the 
operators Oi, while the interesting short distance can be 
computed perturbatively in the Wilson coefficients Ci. 
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• Current SM next-to-next-to-
leading order (NNLO) BF 
[PRL 114, 221801, 2015]  

➜

• HFAG 2016 / PDG 2015 
Average

Br(B
_
→ Xsγ )Eγ >1.6GeV = (3.34 ± 0.21stat ± 0.07sys )×10

−4➜

• Experiment and theory are in agreement 
➛ tight constraints on NP scenarios e.g.  
2HDM-II.

• The newest Belle result with fully inclusive 
method has only 7.3% uncertainty. 

• Limit on 2HDM-II:

M(H+) > 580 GeV at 95% CL
[arXiv:1608.02344v1]

Br(B
_
→ Xsγ )Eγ >1.6GeV

NNLO = (3.36 ± 0.23)×10−4



H. Atmacan                                                                                                                  HINT2016

Belle
BF(B→Xs γ) at Belle II

!9

• Belle II mission: reduce the systematic uncertainty with huge data. 
• Can also measure the BF with Eγ >1.6 GeV without extrapolation.

• 3.9 % total error will be reachable with 

50 ab-1 (conservatively estimated). 

• comparable to uncertainty due to 

non-perturbative effect, very hard to 

reduce, in theory [PRL 114, 221801 (2015)]. 
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• The SM predicts quite different ACP for B→Xs γ and B→Xd γ

• Thanks to U-spin relations and unitarity of the CKM matrix, ACP for b→(s+d)γ is negligible 
(close to 0).

[Nucl.Phys.B704:56-74,2005]
ACP (B

_
→ Xsγ ) = (+0.44−0.14

+0.24 )×10−2

ACP (B
_
→ Xdγ ) = (−10.2−5.8

+3.3 )×10−2

If ACP(B→X(s+d) γ) deviates from 0, it will be a clear NP signal.

ACP
b→qγ ≡

Γ(B
_
→ Xqγ )− Γ(B→ X

q
_γ )

Γ(B
_
→ X

_
q γ )+ Γ(B→ X

q
_γ )
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• The SM predicts quite different ACP for B→Xs γ and B→Xd γ

• Thanks to U-spin relations and unitarity of the CKM matrix, ACP for b→(s+d)γ is negligible 
(close to 0).

[Nucl.Phys.B704:56-74,2005]
ACP (B

_
→ Xsγ ) = (+0.44−0.14

+0.24 )×10−2

ACP (B
_
→ Xdγ ) = (−10.2−5.8

+3.3 )×10−2

ΔACP ≈ 4π
2α s

Λ
~
78

mb

Im C8

C7

⎛
⎝⎜

⎞
⎠⎟

• In the SM, phases in C7 and C8 are zero ⇒ ΔACP = 0

If ACP(B→X(s+d) γ) deviates from 0, it will be a clear NP signal.

If ΔACP(B→Xs γ) deviates from 0, it will be a clear NP signal.

ACP
b→qγ ≡

Γ(B
_
→ Xqγ )− Γ(B→ X

q
_γ )

Γ(B
_
→ X

_
q γ )+ Γ(B→ X

q
_γ )

• One more quantity, ΔACP = ACP(B±) - ACP(B0 / B0) contains information on C8
[Phys.Rev.Lett. 106 (2011) 141801]
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• Recently Belle performed world best 

measurement (710 fb-1 Υ(4S)).

Measurement of ACP(BÆXs+dg) at Belle

• If deviated from 0, clear new physics signal.
• Inclusively reconstruct photon with 1.7 < Eg < 2.8GeV
• High momentum lepton to tag flavor of the other B

– Correction of mixing applied
• Belle performed world best measurement

– Even better than PDG 2015!

B2TiP@Munich 720161115 7

L. Pesantez et al (Belle Collaboration) PRL 114, 151601 (2015)

%

[PRL 114, 151601 (2015)]  

• Inclusively reconstruct photon with 

1.7 < Eγ < 2.8 GeV. 

• High momentum lepton to tag flavor 

of the other B. 

1.10 ≤  pl* ≤ 2.25 GeV

ACP (B→ X(s+d )γ ) = (2.2 ± 3.9 ± 0.9)%
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[PRD 90, 092001 (2014)]

• Only measured by BABAR  (429 fb-1 
Υ(4S)). 

• Sum-of-exclusive method with 38 
exclusive B decay modes. 
• Only self-tagged modes were 

used.

ΔAXsγ
= +(5.0 ± 3.9 ±1.5)%

• Quoted systematic error is conservative.
FPCP, Pasadena, June 2016 John Walsh, INFN Pisa

B→Kππγ overview

• Difficulty lies in isolating the CP state                      from 
the other (non-CP) B0→KS0π+π-γ final states

• Solution: measure              and calculate theoretically 
deviation from            

• Dilution factor [Hebinger, Kou, Yu: LAL-15-75 (2015)]:

• This requires an amplitude analysis, 

• Performed on the isospin state B+→K+π+π-γ, which 
benefits from higher statistics

7

SK0
S⇡⇡�

SK0
S⇢0�

mbc(mES ) ≡ EBeam
2 − !pB

2
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 Bo XqJ : Rate Asymmetry 

23-Nov-16 CKM-2016 | WG-3 | S. Sandilya 11

• In asymmetry (difference) measurements, most of systematic error cancels out, so 
both are still statistically dominated at Belle II with 50 ab-1.

• Uncertainty in ACP to be r0.61 % o 3.4V if the central value not change

Belle II (2.2 r 0.61) %

• Uncertainty in 'ACP to be r0.37 % o 13.5V if the central value not change [from 
BaBar’s measurement 'ACP(XsJ) = +(5.0 r 3.9 r 1.5)%] [Belle II : +(5.0 r 0.37)%]

• In both ACP and ΔACP measurements most of systematic error cancel out. 
→ both are still statistically dominated at Belle II with 50 ab-1.

• If the central values don’t change: 

• Uncertainty in ACP to be ±0.61% → 3.4 σ. 

• Uncertainty in ΔACP to be ±0.37% → 13.5 σ.

ΔAXsγ
= +(5.0 ± 3.9 ±1.5)%

BABAR

Belle II
ΔAXsγ

= +(5.0 ± 0.37)%

-1ab

1−10 1 10 210

 [%
]

C
P

A

1

10
 ProspectsBelle II

)γ X →(B CP   A

)γ s+d X→(B CPA
)γ s X→(B CPA∆

)γ s+d X→(B CPA∆
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	 •	 “Flavour-Specific Decay” :

Time Dependent CPV in B0ÆK*0g
• Time dependent CPV in B0ÆK*0g is small in the SM.

• If right-handed new physics contributes to the decay, larger CPV is possible

• LHCb can also measure photon polarization in BsÆfg from ADG

– Recently the paper was published but it seems vertexing with fÆKK is hard due to 
collinear kaons and the sensitivity is not good.

20161115 12dotted : helicity flip red : helicity flip + NP

1
2 sin 2 4%s

CP
b

mS
m

f| ~ a few %
In the B2TiP program, prediction of S is 
converged to be small (not as large as 0.1).
How about B0ÆKsp0g case (not from K*)?

B2TiP@Munich

	 • TDCPV in B0 → K*0 γ is small in the SM

S ≈ 2ms

mb

sin2φ1 ~a few %

Time-dependent CP Asymmetry in B0→Ksπ0γ

• Photon predominantly left-handed in

• Photon predominantly right-handed in 

• In the SM no common fsγ, so S ~ 0

• NP scenarios predict S different from 0

- for instance in L-R symmetric model or SUSY where S can be large 
being consistent with Γ measurements [ PRL 79, 185 (1997) ]

11

P±(�t) =
e�|�t|/�

4�
[1± S sin(�m�t)� C cos(�m�t)]

< 1% in SM

PRD78, 071102 (2008)

0

d
B

0

d
B

fsγ

b� s�
b̄� s̄�

�t

�

K�
�(4S)

Bsig

Btag

• Final BaBar data set : NBB = 467 M

E. Salvati - FPCP 2009 : b → s/d l+l- and b → s/d γ

b→ sγ L b → sγ R

ACP (Δt) =
Γ B0 (Δt)→ Xsγ L( )− Γ B0 (Δt)→ Xsγ R( )
Γ B0 (Δt)→ Xsγ L( )+ Γ B0 (Δt)→ Xsγ R( )

= S sinΔmΔt −C cosΔmΔt

dotted : helicity filip
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	 •	 “Flavour-Specific Decay” :

Time Dependent CPV in B0ÆK*0g
• Time dependent CPV in B0ÆK*0g is small in the SM.

• If right-handed new physics contributes to the decay, larger CPV is possible

• LHCb can also measure photon polarization in BsÆfg from ADG

– Recently the paper was published but it seems vertexing with fÆKK is hard due to 
collinear kaons and the sensitivity is not good.

20161115 12dotted : helicity flip red : helicity flip + NP

1
2 sin 2 4%s

CP
b

mS
m

f| ~ a few %
In the B2TiP program, prediction of S is 
converged to be small (not as large as 0.1).
How about B0ÆKsp0g case (not from K*)?

B2TiP@Munich

	 • New physics with right handed current increases the fraction of right handed 
photon. 

• Interfere with the SM occurs and large TDCPV possible 

Time-dependent CP Asymmetry in B0→Ksπ0γ

• Photon predominantly left-handed in

• Photon predominantly right-handed in 

• In the SM no common fsγ, so S ~ 0

• NP scenarios predict S different from 0

- for instance in L-R symmetric model or SUSY where S can be large 
being consistent with Γ measurements [ PRL 79, 185 (1997) ]

11

P±(�t) =
e�|�t|/�

4�
[1± S sin(�m�t)� C cos(�m�t)]

< 1% in SM

PRD78, 071102 (2008)

0

d
B

0

d
B

fsγ

b� s�
b̄� s̄�

�t

�

K�
�(4S)

Bsig

Btag

• Final BaBar data set : NBB = 467 M

E. Salvati - FPCP 2009 : b → s/d l+l- and b → s/d γ

b→ sγ L b → sγ R

ACP (Δt) =
Γ B0 (Δt)→ Xsγ L( )− Γ B0 (Δt)→ Xsγ R( )
Γ B0 (Δt)→ Xsγ L( )+ Γ B0 (Δt)→ Xsγ R( )

= S sinΔmΔt −C cosΔmΔt

dotted : helicity filip red : helicity filip +NP
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S
K*γ = −0.32−0.33

0.36 ± 0.05

C
K*γ = −0.20 ± 0.24 ± 0.05

• Belle : 535 M BB pairs 
K*0 region 

(0.8 < m(Ks π0) < 1.0 GeV/)c2)

• BABAR: 467 M BB pairs 
K*0 region 

(0.8 < m(Ks π0) < 1.0 GeV/)c2)
S
K*γ = −0.03± 0.29 ± 0.03

C
K*γ = −0.14 ± 0.16 ± 0.03

No significant CP asymmetry.

[PRD 74 111104(R) 2006]

6
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FIG. 1: Signal-enhanced distributions for mES (top) and
∆E (bottom) for the K∗ region (left) and the non-K∗ region
(right). We show the fit result (solid line) and PDFs for signal
(long dashed), continuum (short dashed), and BB (dotted).
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FIG. 2: sPlot (see text) of ∆t in the K∗ region (left) and the
non-K∗ region (right), with Btag tagged as B0 (top) or B0

(center), and the asymmetry (bottom). The curves are the
signal PDFs.

statistical uncertainty reported by the fit. These effects
are due to a measurement that is close to the physical
boundary of S2 + C2 ≤ 1, and they disappear if we gen-
erate the ensemble with SK0

S
π0γ = CK0

S
π0γ = 0. The bias

on SK0

S
π0γ is evaluated with several ensembles of simu-

lated events in which the generated SK0

S
π0γ is varied. For
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FIG. 3: sPlot (see text) of m(K0
Sπ0).

the statistical uncertainty on C we take the ensemble’s
root-mean-square width of 0.33 instead of the 0.29 un-
certainty determined by the fit to data.

Systematic uncertainties associated with our knowl-
edge of the beam spot position and possible SVT mis-
alignment are determined by varying the beam spot and
SVT alignment parameters in MC. We bound the effects
of uncertainties in the ∆t resolution function due to the
vertexing method with a study from BABAR’s B0 → K0

S
π0

analysis [20]. Resolution function differences between
data and MC in control samples of B0 → J/ψK0

S
decays,

in which the J/ψ vertex information is ignored, lead to
differences in S and C that we take as systematic uncer-
tainties. Uncertainties from doubly-Cabibbo-suppressed
(DCS) decays of the Btag are included as in Ref. [15].

We evaluate uncertainties due to the vertex reconstruc-
tion procedure and possible correlations among the ob-
servables with an ensemble of simulated experiments cre-
ated by generating background events from the PDFs
and embedding signal events from the full MC simula-
tion. No significant bias is observed in the K∗ region,
and we bound uncertainties by the precision with which
the potential bias is measured. In the non-K∗ region, no
bias is observed in the signal MC.

Uncertainties due to limited knowledge of the fixed pa-
rameters in the fit are evaluated by varying them within
their uncertainties. We evaluate differences between data
and MC in the signal shape by fixing the background pa-
rameters to those determined in the fit to data and float-
ing the signal parameters separately for each observable.

We evaluate the effect of Sbkg

BB
and Cbkg

BB
by varying

them over a range determined by the composition of the
BB background samples and CP asymmetry measure-
ments in the PDG listings. The systematic uncertainties
are summarized in Table I.

In summary, we have measured the time-dependent CP
asymmetry in B0 → K0

S
π0γ decays using the full BABAR

data set recorded at the Υ (4S) resonance. We find

SK∗γ = −0.03 ± 0.29 (stat) ± 0.03 (syst),

CK∗γ = −0.14 ± 0.16 (stat) ± 0.03 (syst),

SK0

S
π0γ = −0.78 ± 0.59 (stat) ± 0.09 (syst),

[PRD 78 071102(R) 2008]

FPCP, Pasadena, June 2016 John Walsh, INFN Pisa

B→Kππγ overview

• Difficulty lies in isolating the CP state                      from 
the other (non-CP) B0→KS0π+π-γ final states

• Solution: measure              and calculate theoretically 
deviation from            

• Dilution factor [Hebinger, Kou, Yu: LAL-15-75 (2015)]:

• This requires an amplitude analysis, 

• Performed on the isospin state B+→K+π+π-γ, which 
benefits from higher statistics

7

SK0
S⇡⇡�

SK0
S⇢0�
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• Very important decay mode for Belle II. 

• Belle II vertex detector is larger than Belle (6 cm → 11.5 cm) 

• 30% more Ks with vertex hits available. 

• Effective tagging efficiency is 13% better (very conservative). 

• Can reach 0.03 uncertainty on S.

C vs S in
C
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Sergey Yashchenko  | Future Prospects for Heavy Flavor Measurements   |  08.04.14  |  Page 7

> Electroweak penguin (or box) 
diagram

> Rich set of observables

 Branching fraction, CP Asymmetry, 
isospin asymmetry, q2 = |M(l+l-)|2, FL, 
forward-backward asymmetry, ratio        
of μ mode and e mode

> Belle measurement of the forward-
backward asymmetry in  B → K*l+l-, 
indication of New Physics?

> Other experiments including LHCb 
are consistent with the SM

Electroweak Penguin b → s l+l-

SM

Phys. Rev. Lett.103, 171801 (2009)

• Sensitive to the effective Wilson 
coefficients for the electromagnetic 
penguin C7 ,and the vector and axial-
vector electroweak contributions C9 
and C10 .

• Electroweak penguin (or box) 
diagram

• Rich set of observables: 
• Branching fraction, CP Asymmetry, isospin asymmetry, q2=|M(l+ l-)|2, FL, forward-backward 

asymmetry, ratio of μ mode and e mode.

𝒃 → 𝒔 transitions
loop suppressed in the SM

Very sensitive to New Physics 

𝑏 → 𝑠 transitions analysed in effective Hamiltonian approach

𝐻eff = −
4𝐺𝐹
2
𝑉𝑡𝑏𝑉𝑡𝑠∗  

1,10,𝑆,𝑃

(𝐶𝑖 𝑂𝑖 + 𝐶𝑖′ 𝑂𝑖′)

1

Rare 𝑩 decays 

electromagnetic dipole 
operator

semileptonic
operators

4-quark 
operators

scalar & pseudoscalar
operators



H. Atmacan                                                                                                                  HINT2016

Belle
Inclusive B → Xs l+ l- at Belle

!20

fixed using the J=ψXs data. The mean and width of the
signal Gaussian function are varied within their uncertain-
ties. The histogram shape of the self cross-feed background
is estimated from signal MC events. The entries in the bins
are varied according to a Gaussian distribution whose
standard deviation is the statistical uncertainty of the
MC sample. The total systematic uncertainty is estimated
by summing the above uncertainties in quadrature.

VIII. FORWARD-BACKWARD ASYMMETRY

Figures 2, 3, 4, 5, and 6 show the Mbc distributions for
B → Xseþe− and B → Xsμþμ− candidates with positive
and negative cos θ in each q2 bin. The total signal yields for
B → Xseþe− and B → Xsμþμ− are 140" 19ðstatÞ and
161" 20ðstatÞ, respectively. The fit results obtained in
each q2 bins are summarized in Table II. Figure 7 shows the
AFB distribution as a function of q2. The AFB results are
found to be consistent with the SM prediction in the 2nd to
4th q2 bins, while it deviates from the SM in the 1st q2 bin

by 1.8σ; here, the systematic uncertainty is taken into
account. The results in the 3rd and 4th bin also excludes
AFB < 0 at the 2.3σ level.
To distinguish the contributions from B → Klþl−,

B → K%lþl−, and non-Kð%Þlþl− candidates, we divide
the samples into distinctMXs

ranges and extractAFB by the
same fitting method. Table IV shows theAFB values in each
subsample. AFB in B → Klþl− is consistent with null, as
expected in the SM, while AFB in B → K%lþl− is
consistent with previous measurements [9–13].

IX. CONCLUSION

In conclusion, we report the first measurement of the
lepton forward-backward asymmetry for the electroweak
penguin process B → Xslþl− using a data sample con-
taining 772 × 106 BB̄ pairs collected with the Belle
detector.AFB for the inclusiveB → Xslþl− is extrapolated
from the sum of 10 exclusive Xs states, assuming AFB
depends neither on the lepton flavor nor on the Xs mass.
For q2 > 10.2 GeV2=c2, AFB < 0 is excluded at the 2.3σ
level. For q2 < 4.3 GeV2=c2, the result is within 1.8σ of
the SM expectation. The results can be used to constrain
various extensions of the SM.
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FIG. 7. Measured AFB as a function of q2. The curve (black)
with the band (red) and dashed boxes (black) represent the SM
prediction while filled circles with error bars show the fit results.
The J=ψ and ψð2SÞ veto regions are shown as teal hatched
regions. For the electron channel, the pink shaded regions are
added to the veto regions due to the large bremsstrahlung effect.
The uncertainty on the SM prediction is estimated by varying the
b-quark mass (4.80" 0.15 GeV=c2), the s-quark mass
(0.20" 0.10 GeV=c2), and the renormalization scale (μ ¼ 2.5
and 5 GeV) [4,7]. The lower edge of the uncertainty is set to zero
in the q2 region larger than maximum possible value, which is
determined by the masses of the bottom and strange quarks.

TABLE IV. Fit results for subsamples of (i) B → Klþl−, (ii) B → K−πþlþl−, K−π0lþl−, or K0
Sπ

−lþl− with MXs
< 1.1 GeV=c2,

and (iii) B → Xslþl− withMXs
> 1.1 GeV=c2 for the five q2 bins. The uncertainty includes only statistical uncertainty. Unfortunately,

AFB for B → Klþl− cannot be obtained in 3rd q2 bin, due to too low statistics.

State 1st q2 bin 2nd q2 bin 3rd q2 bin 4th q2 bin 1 < q2 < 6 GeV2=c2

K −0.05" 0.24 −0.11" 0.29 n.a. 0.12" 0.18 0.00" 0.13
K% with MXs

< 1.1 GeV=c2 0.62" 0.42 0.20" 0.33 0.01" 0.34 0.21" 0.22 0.55" 0.43
Xs with MXs

> 1.1 GeV=c2 0.25" 0.45 0.97" 0.60 0.92" 0.32 0.65" 0.54 0.74" 0.54

Y. SATO et al. PHYSICAL REVIEW D 93, 032008 (2016)

032008-10

[PRD 93, 032008 (2016)]
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> Electroweak penguin (or box) 
diagram

> Rich set of observables

 Branching fraction, CP Asymmetry, 
isospin asymmetry, q2 = |M(l+l-)|2, FL, 
forward-backward asymmetry, ratio        
of μ mode and e mode

> Belle measurement of the forward-
backward asymmetry in  B → K*l+l-, 
indication of New Physics?

> Other experiments including LHCb 
are consistent with the SM

Electroweak Penguin b → s l+l-

SM

Phys. Rev. Lett.103, 171801 (2009)

b

• Sum-of-exclusive method is utilized. B → Xs l+ l- is 
reconstructed from 36 exclusive modes. 

• Tension in low q2 (q2 < 4.3 GeV2) 
• One of the key measurement in Belle II

• cosq :  レプトン対の静止系における、b とl+ の間の角。 
 
 
 
 

 

AFB の定義 
 
 
 
 

 

• Vector(C7, C9) とaxial-vector(C10) の干渉でAFB が生じる 
• Wilson 係数(C7, C9, C10) によってAFB の分布が大きく変化する。 
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AFB ≡
N(cosθl > 0)− N(cosθl < 0)
N(cosθl > 0)+ N(cosθl < 0)

• AFB forward-backward asymmetry B → Xs l+ l- in Belle
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fixed using the J=ψXs data. The mean and width of the
signal Gaussian function are varied within their uncertain-
ties. The histogram shape of the self cross-feed background
is estimated from signal MC events. The entries in the bins
are varied according to a Gaussian distribution whose
standard deviation is the statistical uncertainty of the
MC sample. The total systematic uncertainty is estimated
by summing the above uncertainties in quadrature.

VIII. FORWARD-BACKWARD ASYMMETRY

Figures 2, 3, 4, 5, and 6 show the Mbc distributions for
B → Xseþe− and B → Xsμþμ− candidates with positive
and negative cos θ in each q2 bin. The total signal yields for
B → Xseþe− and B → Xsμþμ− are 140" 19ðstatÞ and
161" 20ðstatÞ, respectively. The fit results obtained in
each q2 bins are summarized in Table II. Figure 7 shows the
AFB distribution as a function of q2. The AFB results are
found to be consistent with the SM prediction in the 2nd to
4th q2 bins, while it deviates from the SM in the 1st q2 bin

by 1.8σ; here, the systematic uncertainty is taken into
account. The results in the 3rd and 4th bin also excludes
AFB < 0 at the 2.3σ level.
To distinguish the contributions from B → Klþl−,

B → K%lþl−, and non-Kð%Þlþl− candidates, we divide
the samples into distinctMXs

ranges and extractAFB by the
same fitting method. Table IV shows theAFB values in each
subsample. AFB in B → Klþl− is consistent with null, as
expected in the SM, while AFB in B → K%lþl− is
consistent with previous measurements [9–13].

IX. CONCLUSION

In conclusion, we report the first measurement of the
lepton forward-backward asymmetry for the electroweak
penguin process B → Xslþl− using a data sample con-
taining 772 × 106 BB̄ pairs collected with the Belle
detector.AFB for the inclusiveB → Xslþl− is extrapolated
from the sum of 10 exclusive Xs states, assuming AFB
depends neither on the lepton flavor nor on the Xs mass.
For q2 > 10.2 GeV2=c2, AFB < 0 is excluded at the 2.3σ
level. For q2 < 4.3 GeV2=c2, the result is within 1.8σ of
the SM expectation. The results can be used to constrain
various extensions of the SM.
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with the band (red) and dashed boxes (black) represent the SM
prediction while filled circles with error bars show the fit results.
The J=ψ and ψð2SÞ veto regions are shown as teal hatched
regions. For the electron channel, the pink shaded regions are
added to the veto regions due to the large bremsstrahlung effect.
The uncertainty on the SM prediction is estimated by varying the
b-quark mass (4.80" 0.15 GeV=c2), the s-quark mass
(0.20" 0.10 GeV=c2), and the renormalization scale (μ ¼ 2.5
and 5 GeV) [4,7]. The lower edge of the uncertainty is set to zero
in the q2 region larger than maximum possible value, which is
determined by the masses of the bottom and strange quarks.

TABLE IV. Fit results for subsamples of (i) B → Klþl−, (ii) B → K−πþlþl−, K−π0lþl−, or K0
Sπ

−lþl− with MXs
< 1.1 GeV=c2,

and (iii) B → Xslþl− withMXs
> 1.1 GeV=c2 for the five q2 bins. The uncertainty includes only statistical uncertainty. Unfortunately,

AFB for B → Klþl− cannot be obtained in 3rd q2 bin, due to too low statistics.

State 1st q2 bin 2nd q2 bin 3rd q2 bin 4th q2 bin 1 < q2 < 6 GeV2=c2

K −0.05" 0.24 −0.11" 0.29 n.a. 0.12" 0.18 0.00" 0.13
K% with MXs

< 1.1 GeV=c2 0.62" 0.42 0.20" 0.33 0.01" 0.34 0.21" 0.22 0.55" 0.43
Xs with MXs

> 1.1 GeV=c2 0.25" 0.45 0.97" 0.60 0.92" 0.32 0.65" 0.54 0.74" 0.54

Y. SATO et al. PHYSICAL REVIEW D 93, 032008 (2016)

032008-10

[PRD 93, 032008 (2016)]
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• Ratio of B→Kμ+μ- and B→Ke+e-, RK, is a clean observable in the SM.

RK = Br(B→ Kµ+µ− )
Br(B→ Ke+e− )

= 1.003± 0.001

• LHCb reports 2.6 σ deviation of 

ratio of BFs in 1 < q2 < 6 GeV2.

RK = 0.75−0.074
+0.090 ± 0.036

• Electron mode is 
challenging in LHCb, 
especially for high q2

[JHEP 0712, 040 (2007)]

[PRL 11, 151601 (2014)]
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• All ratios R(K), R(K*) and R(Xs) are possible 

• Electron and muon modes have similar efficiency 

• Sensitive to both low q2 and high q2 (q2  >14.4 GeV2) 

• The errors reach to ~2% for all K, K* and Xs modes

๏Lepton ID systematics is about ±0.4% at Belle II
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b ! s`` and Radiative decays at Belle

Full Angular Analysis

The observables are depended on q2 = M2
`+`�

The differential decay rate for B ! K⇤`+`� can be written as

1
d�/dq2

d4�

d cos ✓L d cos ✓K d� dq2 =
9

32⇡


3
4
(1 � FL) sin2 ✓K + FL cos2 ✓K

+
1
4
(1 � FL) sin2 ✓K cos 2✓L

� FL cos2 ✓K cos 2✓L + S3 sin2 ✓K sin2 ✓L cos 2�

+ S4 sin 2✓K sin 2✓L cos�+ S5 sin 2✓K sin ✓L cos�

+ S6 sin2 ✓K cos ✓L + S7 sin 2✓K sin ✓L sin�

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

�
,

Simon Wehle (Deutsches Elektronen-Synchrotron) 7

b ! s`` and Radiative decays at Belle

Folding Procedure

P0
4,S4 :

8
><

>:

� ! �� for � < 0

� ! ⇡ � � for ✓L > ⇡/2

✓L ! ⇡ � ✓L for ✓L > ⇡/2,

P0
5,S5 :

(
� ! �� for � < 0

✓L ! ⇡ � ✓L for ✓L > ⇡/2,

I With a transformation of the angles, the
dimension is reduced to three free parameters

I Each transformation remains three
observables Sj , FL and S3

I The observables

P0
i=4,5,6,8 =

Sj=4,5,7,8p
FL(1 � FL)

,

are considered to be largely free from
form-factor uncertainties (J. High Energy
Phys. 05 (2013) 137).

I Transverse polarization asymmetry

A(2)
T =

2S3

(1 � FL)
Introduced by LHCb in Phys. Rev. Lett. 111, 191801.

Simon Wehle (Deutsches Elektronen-Synchrotron) 8

• Free parameters reduce to three: 
FL, S3, and the observable S5 or P5’ 

• S4,7,8 or P4,6,8’ have the similar transformation 

Transformation:

[PRL 111, 191801]

b ! s`` and Radiative decays at Belle

Full Angular Analysis

The observables are depended on q2 = M2
`+`�

The differential decay rate for B ! K⇤`+`� can be written as

1
d�/dq2

d4�

d cos ✓L d cos ✓K d� dq2 =
9

32⇡


3
4
(1 � FL) sin2 ✓K + FL cos2 ✓K

+
1
4
(1 � FL) sin2 ✓K cos 2✓L

� FL cos2 ✓K cos 2✓L + S3 sin2 ✓K sin2 ✓L cos 2�

+ S4 sin 2✓K sin 2✓L cos�+ S5 sin 2✓K sin ✓L cos�

+ S6 sin2 ✓K cos ✓L + S7 sin 2✓K sin ✓L sin�

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

�
,

Simon Wehle (Deutsches Elektronen-Synchrotron) 7

b ! s`` and Radiative decays at Belle

Folding Procedure

P0
4,S4 :

8
><

>:

� ! �� for � < 0

� ! ⇡ � � for ✓L > ⇡/2

✓L ! ⇡ � ✓L for ✓L > ⇡/2,

P0
5,S5 :

(
� ! �� for � < 0

✓L ! ⇡ � ✓L for ✓L > ⇡/2,

I With a transformation of the angles, the
dimension is reduced to three free parameters

I Each transformation remains three
observables Sj , FL and S3

I The observables

P0
i=4,5,6,8 =

Sj=4,5,7,8p
FL(1 � FL)

,

are considered to be largely free from
form-factor uncertainties (J. High Energy
Phys. 05 (2013) 137).

I Transverse polarization asymmetry

A(2)
T =

2S3

(1 � FL)
Introduced by LHCb in Phys. Rev. Lett. 111, 191801.

Simon Wehle (Deutsches Elektronen-Synchrotron) 8

Observables

8 free parameters
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• P4,6,8’ → overall in agreement with 
SM predictions. 

• P5’ → 2.6σ deviation from 
Standard Model prediction in the 
range 4.0 < q2 < 8.0 GeV2

Absolute error in P5’• Belle II and LHCb will be 
comparable for this process. 

• Belle II will be able to do 
isospin comparison of K*+ and 
K*0, or the ground states K.

b ! s`` and Radiative decays at Belle

Result P0
5 - Result for Combined Data

I Measurements are compatible with the SM
I Similar central values for the P0

5 anomaly with 2.5� tension
I But we can do more...

Simon Wehle (Deutsches Elektronen-Synchrotron) 12

shown at CKM 2016preliminary

q2 (GeV2) Belle Belle II 50 ab-1

0.1 - 4.00 0.416 0.059
4.00 - 8.00 0.277 0.04
10.09 - 12.0 0.344 0.049
14.18 - 19.0 0.248 0.033
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We report a search for the rare decays B ! hð"Þ! !!, where hð"Þ stands forKþ,K0
S, K

"þ, K"0,"þ,"0, #þ,
#0 and$. The results are obtained from a 711 fb%1 data sample that contains 772& 106B !B pairs collected

at the "ð4SÞ resonance with the Belle detector at the KEKB eþe% collider. We search for signal

candidates by fully reconstructing a hadronic decay of the accompanying B meson and requiring a single

hð"Þ meson left on the signal side. No significant signal is observed and we set upper limits on the

branching fractions at 90% confidence level. The measurements of Bþ ! K"þ! !!, Bþ ! "þ! !!, B0 !
"0! !! and B0 ! #0! !! provide the world’s currently most restrictive limits.

DOI: 10.1103/PhysRevD.87.111103 PACS numbers: 13.25.Hw, 12.15.Mm, 14.40.Nd

The decays B ! Kð"Þ! !! proceed through the flavor-
changing neutral-current processb ! s! !!, which is sensitive
to physics beyond the standard model (SM) [1,2]. The domi-
nant SM diagrams are shown in Fig. 1. The SM branching
fractions are estimated to be ð6:8' 2:0Þ & 10%6 for Bþ !
K"þ! !! [2] and ð4:4' 1:5Þ & 10%6 for Bþ ! Kþ! !! decays
[1]. The decays B ! ð";#Þ! !! proceed similarly through
b ! d! !!. Compared to b ! s! !! transitions, the branching
fractions are further suppressed by a factor jVtd=Vtsj2. The
decay B0 ! $! !! proceeds through a yet unobserved
penguin annihilation process, with the expected branching
fraction thus much lower. The advantage of ! !! rather than
‘þ‘% in the final state is the absence of long-distance elec-
tromagnetic interactions. In the ratio of the individual branch-
ing fractions forB ! K! !! andB ! K‘þ‘%, the form factor
normalization cancels out, leading to a factor of 3 smaller

theoretical error compared to the ! !! mode alone [2].
Measurements of the B ! K! !! and B ! K‘þ‘% branching
fractions might reveal moderate deviations from SM expec-
tations due to new physics such as supersymmetry particles, a
possible fourth generation and a nonstandard Z coupling
which would contribute to the penguin loop or box diagram
and affect the branching fractions [3].

FIG. 1. The quark-level diagrams for the b ! s! !! transition in
the standard model. (a) Penguin diagram; (b) Box diagram.

O. LUTZ et al. PHYSICAL REVIEW D 87, 111103(R) (2013)

RAPID COMMUNICATIONS

111103-2

• b→s flavour-changing neutral current 

• golden mode of Belle II because theoretically very clean: 

free of uncertain long-distant hadronic effects.

SM B→K(*) ν ν branching fractions:
[BELLE2-MEMO-2016-007]

BrSM (B
+ → K +νν ) = (4.68 ± 0.64)×10−6

BrSM (B
0 → Ks

0νν ) = (2.17 ± 0.30)×10−6

BrSM (B
+ → K *+νν ) = (10.22 ±1.19)×10−6

BrSM (B
0 → K *0νν ) = (9.48 ±1.10)×10−6
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Comparison with other measurements
BELLE

Preliminary

K+⌫⌫̄ K�+⌫⌫̄ K�0⌫⌫̄ �0⌫⌫̄�+⌫⌫̄KS⌫⌫̄ �0⌫⌫̄ �+⌫⌫̄
B decay channel

10�6

10�5

10�4

lim
it

on
B

@
90

%
C

L

BaBar hadronic

Belle hadronic result

this work expected

BaBar semileptonic

SM prediction

this work observed

Worlds most stringent limits obtained for:

B0 ! K0

S⌫⌫, B0 ! K⇤0⌫⌫, B+/0 ! ⇡+/0⌫⌫, B+/0 ! ⇢+/0⌫⌫

P. Goldenzweig b ! (s, d)⌫⌫ 28.11.2016 14 / 15

preliminary

• New Belle measurement of Br(B→h(*) ν ν) with the semileptonic tagging 
method. 

• Highest significance in the B+→K*+ ν ν channel, 2.3σ. 
• None of the limits excludes SM predictions, leave room for new physics 

contributions.

(shown at CKM 2016)



H. Atmacan                                                                                                                  HINT2016

Belle
B → K(*) ν ν at Belle II

!28

B→K(*)νν at Belle II

16

Zoomed view of the vertex region in r-φView in r-z

“Missing Energy Decay” in a Belle II GEANT4 MC simulation

Signal B!K ν ν      tag B!Dπ; D!Kπ

View in r-z Zoomed view of the vertex region r-φ
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• New signal specific training technique. 
• Uses a multivariate technique to reconstruct the B-tag side through 

lots of decay modes in a Υ(4S).

Tag side reconstruction in Belle II: 
Full Event Interpretation (FEI)

25/05/16

• Developed by Thomas Keck*, it’s an
extension of the Full Reconstruction used in
Belle, and uses a multivariate technique to
reconstruct the B-tag side through lots of
decay modes in a Y(4S) decay.

• Hierarchical approach: first train multivariate
classifiers (MVC) on FSP, then reconstruct
intermediate particles and build new
dedicated MVC. For each candidate a signal
probability (“sigprob”) is defined, which
represents the “goodness” of its reconstruction.

• Training performed on 100*106 #$#%/
#'#"' events with beam background

• The result of the training is analysis 
independent.

5

*https://ekp-invenio.physik.uni-karlsruhe.de/record/48602/files/EKP-2015-00001.pdf

https://ekp-invenio.physik.uni-karlsruhe.de/record/48602/files/EKP-2015-00001.pdf 

1.2. From Full Reconstruction to Full Event Interpretation 3

1.2. From Full Reconstruction to Full Event
Interpretation

As an analysis technique unique to B factories, the Full Event Interpretation will play
an important role in the measurement of rare decays. This technique reconstructs
one of the B mesons and infers strong constraints for the remaining B meson in the
event using the precisely known initial state of the ⌥(4S). The actual analysis is
then performed on the second B meson. The two mesons are called tag-side Btag

and signal-side Bsig, respectively. This situation is depicted in Figure 1.1.

⌥(4S)
B�

tag B+
sig

D0
K�

⇡+

⇡� ⌫l

�

l+

tag-side signal-side

Figure 1.1.: Decay of the ⌥(4S) into a charged B meson pair. The signal-side and
an important tag-side are shown for the analysis of the B ! `⌫`� decay.

In effect the FEI allows one to reconstruct the initial ⌥(4S) resonance, and thereby
recovering the kinematic and flavour information of Bsig. Furthermore, the back-
ground can be drastically reduced by discarding ⌥(4S) candidates with remaining
tracks or energy clusters in the rest of event.

Belle already employed a similar technique called Full Reconstruction (FR) with
great success [12]. As a further development the Full Event Interpretation is more
inclusive, provides more automation and analysis-specific optimisations.

Both techniques heavily rely on multivariate classifiers (MVC). An introduction into
this topic is given in Chapter 3. MVCs have to be trained on a Monte Carlo (MC)
simulated data sample. However, the analysis-specific signal-side selection strongly
influences the background distributions on the tag-side. Yet this influence had to
be neglected by the FR, because the training of the MVCs was done independently
from the signal-side analysis [12]. The training was performed only once and took
several weeks on the cluster of the KEKCC computing centre.

In contrast, the FEI will be trained for each analysis separately and can thereby
take the signal-side selection into account. The analysis-specific training is possible
due to the deployment of speed-optimized training algorithms, full automation and
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MC study at Belle II 
• 500 fb-1 Υ(4S) MC samples with beam 

background mixing. 

• FEI used to reconstruct tag side B 

(hadronic) 

• Signal and background extraction by a 

2-D fit to extra neutral energy and 
missing quantities. 

B→K(*)νν at Belle II

18

• MC study at Belle II
• 500 fb-1 Y(4S) MC simulation samples with beam background mixing 
• FEI to reconstruct tag side B 
• Signal and bkg extraction by a 2-D fit to extra neutral energy & missing 

quantities 
• B(B+→K+(*)νν) <4.4x10-4 with 500 fb-1 

• Compatible to Babar’s result with 413 fb-1 data 
• Selection criteria will be optimised.

In CM frame, 
P*Miss = P*Y4S-P*Btag-P*K* 
cp*miss: missing momentum 
E*miss: missing energy

B→K(*)νν at Belle II

18

• MC study at Belle II
• 500 fb-1 Y(4S) MC simulation samples with beam background mixing 
• FEI to reconstruct tag side B 
• Signal and bkg extraction by a 2-D fit to extra neutral energy & missing 

quantities 
• B(B+→K+(*)νν) <4.4x10-4 with 500 fb-1 

• Compatible to Babar’s result with 413 fb-1 data 
• Selection criteria will be optimised.

In CM frame, 
P*Miss = P*Y4S-P*Btag-P*K* 
cp*miss: missing momentum 
E*miss: missing energy

At 500 fb-1 :   
Br(B→K*+ ν ν) < 4.4 x 10-4 at 90% C.L. 

compatible with 

BABAR 2008 result with 413 fb-1 : 
Br(B→K*+ ν ν) < 3.3 x 10-4
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• The Belle II sensitivity projection is based on the previous Belle 

measurement (hadronic tag) ([PRD 87, 111103(R) 2013])  

• 50 ab-1 of Υ(4S) data. 

• The hadronic tag have 100% higher efficiency. 

• KS0 reconstruction has 30% higher efficiency.

2

TABLE II: Projections for the statistical uncertainties on the B ! K(⇤)⌫⌫̄ branching fractions.

Mode B [10�6] E�ciency
Belle
[10�4]

N
Backg.

711 fb�1

Belle

N
Sig�exp.

711 fb�1

Belle

N
Backg.

50 ab�1

Belle II

N
Sig�exp.

50 ab�1

Belle II

Statistical
error
50 ab�1

Total
Error

B+ ! K+⌫⌫̄ 4.68 5.68 21 3.5 2960 245 20% 22%
B0 ! K0

S

⌫⌫̄ 2.17 0.84 4 0.24 560 22 94% 94%
B+ ! K⇤+⌫⌫̄ 10.22 1.47 7 2.2 985 158 21% 22%
B0 ! K⇤0⌫⌫̄ 9.48 1.44 5 2.0 704 143 20% 22%
B ! K⇤⌫⌫̄ combined 15% 17%
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• Belle II has a rich physics program 

• possible to study the channels with missing energies and neutral 

particles in the final states. 

• Electroweak penguin B decays are very sensitive to New Physics. 
• It is possible to access these decays both inclusively and exclusively 

at Belle II. 

• Belle II will help to understand the deviations from SM in B→K(*) l+ l-. 

• B→K(*) νν could be probed at 5σ.
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Summary of the Sensitivities

Update by Elisa20161115 B2TiP@Munich 23

will be updated

will be updated


