
Prospects for rare B 
decays at Belle II
Sam Cunliffe
on behalf of the Belle II radiative and electroweak penguin physics group

APS DPF meeting, FNAL, 31 July - 4 August 2017

PNNL-SA-127810



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

This talk

2 August 2017 2

Why rare B decays?

The next generation B-factory
SuperKEKB
Belle II

Prospects at Belle II
Inclusive analyses in general, and B→Xs,dγ
Lepton (non) universality 
B→K(*)νν
B(s)→ττ;	B →K(*)ττ

Conclusions



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

This talk

2 August 2017

Why rare B decays?

The next generation B-factory
SuperKEKB
Belle II

Prospects at Belle II
Inclusive analyses in general, and B→Xs,dγ
Lepton (non) universality
B→K(*)νν
B(s)→ττ;	B →K(*)ττ

Conclusions



W�

t

Z0/�

b s, d

�

Why rare B decays?

2 August 2017 3

t

W�

Z0/�

b s

`

`

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

b→sℓℓ   ℓ=eµτν

b→(s,d)γ



b→sℓℓ   ℓ=eµτν

b→(s,d)γ

Why rare B decays?

2 August 2017 3S Cunliffe (PNNL) | Rare B decays and prospects at Belle II

W�

t

Z0/�

b s

�

t

W�

Z0/�

b s

`

`



t

W�

Z0/�

b s

`

`

Why rare B decays?

2 August 2017 3S Cunliffe (PNNL) | Rare B decays and prospects at Belle II



g̃

H̃0

b s

`

`

Why rare B decays?

2 August 2017 3S Cunliffe (PNNL) | Rare B decays and prospects at Belle II



t

W�

Z 0

b s

`

`

Why rare B decays?

2 August 2017 3S Cunliffe (PNNL) | Rare B decays and prospects at Belle II



Z 0

b s

`

`

Why rare B decays?

2 August 2017 3S Cunliffe (PNNL) | Rare B decays and prospects at Belle II



b s

�

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

Why rare B decays?

2 August 2017 3

sb

�

sb

`+

`�

sb

cc

Figure 2.3: Schematic diagrams for operators O7 (top),

O9,10 (centre), and O1c,2c (bottom). The e↵ective operator

O7 relates to diagrams mediated by a radiated photon, the

operator O9 relates to diagrams mediated by a vector current,

and the operator O10 to diagrams mediated by an axial

current. The operators are defined in Equations 2.82, 2.83,

and 2.84 respectively. The e↵ective operators O1c,2c relate to

diagrams with internal c-quarks.

2.3 Application of the e↵ective field theory approach

to b ! s`+`� and the hadronic description of

B0! K⇤
1(892)

0`+`� decay amplitudes

The b! s`+`� processes can be described by the following e↵ective Hamiltonian [8, 16],

He↵ = �4GFp
2

e2

16⇡2
VtbV

⇤
ts

X

i=1,...10,S,P

(CiOi + C 0
iO0

i). (2.81)

In this expression, GF and e are Fermi’s constant and the electromagnetic coupling strength

respectively. The operators expected to be dominant and their chiral partners are [16–18],

O7 =
e

g2
mb(s̄�µ⌫PRb)F

µ⌫ ; O0
7 =

e

g2
mb(s̄�µ⌫PLb)F

µ⌫ ; (2.82)

O9 =
e2

g2
(s̄�µPLb)(`�

µ`); O0
9 =

e2

g2
(s̄�µPRb)(`�

µ`); (2.83)

O10 =
e2

g2
(s̄�µPLb)(`�

µ�5`); O0
10 =

e2

g2
(s̄�µPRb)(`�

µ�5`); (2.84)

where PL,R are the chrial projection operators (introduced in Eqns 2.2 and 2.3). The chiral

partner operators receiving the primes are such that O0
i is zero or suppressed in the SM.

The factor F µ⌫ is the electromagnetic field strength tensor, �µ⌫ ⌘ i [�µ, �⌫ ], and mb is the

running mass of the b-quark.

Equation 2.82 is the radiative photon operator and relates to diagrams mediated via

a photon which decays into the dilepton pair. Equations 2.83 and 2.84 are the vector

and axial vector operators respectively. Schematic diagrams of O7 and O9,10 are shown in

Fig. 2.3.

The remaining operators (O1�6,8,S,P) are either heavily suppressed, or the corresponding

coe�cient is already well constrained by experiment. Two further operators (which will
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Wilson Coefficient, Ci
model-independent coupling in the effective field theory of b quark 
transitions. Paired with an operator,      . 

Consists of a SM bit and a new physics bit: Ci = Ci
SM + Ci

NP .
C9, C10: vector and axial vector Wilson Coefficients.
C7: radiative photon Wilson Coefficient.

Oi



R(D*)
0.2 0.3 0.4

BaBar had. tag
 0.018± 0.024 ±0.332 

Belle had. tag
 0.015± 0.038 ±0.293 

Belle sl.tag
 0.011± 0.030 ±0.302 

Belle (hadronic tau)
 0.027± 0.035 ±0.270 

LHCb
 0.030± 0.027 ±0.336 

LHCb (hadronic tau)
 0.029± 0.019 ±0.285 

Average 
 0.007± 0.013 ±0.304 
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We've heard from LHCb. Hopefully this slide does not steal their thunder.
Stay tuned after lunch to hear from Belle (S. Sandilya)

RK⇤0 ⌘
B
⇥
B0 ! K⇤0µ+µ�⇤

B [B0 ! K⇤0e+e�]

R(D⇤0) ⌘ B [B ! D⇤⌧+⌫⌧ ]

B [B ! D⇤µ+⌫µ]
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Third Prize

Belle II is Gaining Momentum
Installation work in the inner parts of the Belle II detector is ongoing.

Markus Friedl
HEPHY Vienna

The next generation B factory
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×40 higher luminosity
than KEKB

Smaller β* (×20)
Higher current (×2)
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How to achieve L~1036? Super-KEKB 

(0.8-1.0) 

(0.01-0.02) 

Two options     I (current)    βy ' ' ' 'ξ ' 
  considered:     (amps)     (mm) 
 

 KEKB achieved    1.8/1.45    6.5/5.9    0.11/0.06 
 

 High current    9.4/4.1     3/6     0.3/0.51 
 

 Nano-beam     3.6/2.6     0.27/0.30   0.09/0.08 
    (Raimondi for  SuperB) chosen 

beam size:  100 µm(H) x 2 µm(V) → 10 µm(H) x 59 nm(V) 
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β*y  ↓ x 1/20
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7GeV

4GeV

upgraded
focus magnets

Photo: @belle2collab

e+e− → ϒ(4S) → BB
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e− @ 7GeV

17º

30º

133º

e+ @ 4GeV
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Belle II
Interaction point region
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new (larger)
Silicon vertex 
detector 
double sided Si 
microstrips

new
Two layers of 
DEPFET high 
granularity pixel 
detector
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new (larger)
Drift chamber 
tracking
wires in 50:50 He:C2H6
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KL and muon detectors 
Resistive plate chambers + 
(new) scintillator w/ iron flux 
return

new
Barrel PID
quartz bars totally 
internally reflect 
Cherenkov 
photons

Electromagnetic 
calorimeter
CsI(Tl) crystals… new readout

new
Endcap PID: 
Aerogel RICH

magnet
1.5T

Belle II
The detector
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~January 2019
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cosmics

Target dataset: 50 ab-1

Belle dataset: ~0.7 ab-1 @ ϒ(4S)

Commissioning 
e+e− collisions, w/o 
vertex detector 
~February 2018
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Full physics data w/ 
vertex detector
~January 2019

Right now: 
cosmics

Target dataset: 50 ab-1

Belle dataset: ~0.7 ab-1 @ ϒ(4S)

A nice rule of thumb:
1.1×109 ϒ(4S)→BB per ab-1

1M[BB]/fb-1; 1G[BB]/ab-1

Commissioning 
e+e− collisions, w/o 
vertex detector 
~February 2018
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Exploit clean decay environment at 
Belle II c.f. LHCb.

Can be fully hadronic tag 
(have full event information)
…or semi-leptonic tag
(don't have full event)

Reconstruct, the 'X' from many 
exclusive decays:
Xs→Kn π, 3Kmπ, Kηm π
( n>1, m≥1 ).
Specify flavour if X ( Xs or Xd ).
Know flavour of B.
Know isospin.

1. Fully inclusive 2. Sum-of-exclusives

1 Physics Analysis Software

Table 5: Tag-side e�ciency: Number of correctly reconstructed tag-side B mesons divided

by the total number of ⌥ (4S) events. The presented e�ciencies depend on the used BASF2

release (7.2), MC campaign (MC 7) and FEI training configuration.

Tag FR2 @ Belle FEI @ Belle MC FEI @ Belle II MC

Hadronic B+ 0.28 % 0.49 % 0.61 %

Semileptonic B+ 0.67 % 1.42 % 1.45 %

Hadronic B+0 0.18 % 0.33% 0.34 %

Semileptonic B0 0.63 % 1.33% 1.25 %

� generic-mode; the training is done on double-generic Monte Carlo without signal-side 663

selection, which corresponds to the FR of Belle. Hence, the training is independent of 664

the signal-side and is only trained once for all analyse. The method is optimized to 665

reconstruct tag-side of generic MC. e.g. in an inclusive analysis like B ! X
cc

K- 666

� specific-mode; the training is optimized for the signal-side selection and trained on 667

double-generic and signal Monte Carlo, in order to get enough signal statistics despite 668

the no-remaining-tracks constraint. In this mode the FEI is trained on the RestOfEvent 669

after the signal-side selection, therefore the training depends on the signal-side and one 670

has to train it for every analysis separately. The method is optimized to reconstruct the 671

tag-side of signal MC. This mode can be used in searches for B+ ! ⌧+⌫, B+ ! l⌫�, 672

B ! ⌫⌫(�), B ! K⇤⌫⌫, B ! D⇤⌧⌫, ... Another advantage is that global constraints on 673

the beam-constrained mass and delta E can be enforced at the beginning of the training. 674

1.6.5. Performance estimations. The performance of the FEI can be estimated by the 675

number of correctly reconstructed tag-side B mesons divided by the total number of ⌥ (4S) 676

events. The current performance is summarised in table 5. 677

Figure ?? shows the signal and background distributions for both variables. 678

1.6.6. Calibration. [P. Urquijo] An important systematic error in analyses using tag meth- 679

ods is the e�ciency calibration. Several techniques for calibration have been used in Belle, 680

and are described in turn. 681

� B ! D(⇤)`⌫ calibration. Events are double tagged, where the signal side is reconstructed 682

in a known semileptonic decay mode, in bins of the tag quality variables. This has been 683

used in B ! X
u

`⌫ analyses. The systematic errors were approximately 4.5%, shared 684

between statistical (1.5%), reconstruction (2.7%), and branching fraction uncertainties 685

(3%). The detection uncertainties are mostly based on data driven techniques, while the 686

branching fractions are more di�cult to improve in the future. 687

� B ! X`⌫ calibration. Events are also double tagged, however the signal side selected 688

only via the presence of a charged lepton originating from a semileptonic B decay. 689

This has been used in precision exclusive B ! D(⇤)`⌫ decay analyses. The technique 690

is systematics limited but higher precision than the B ! D(⇤)`⌫ calibration approach. 691

The uncertainty can be controlled via the choice of tighter tag side criteria at a cost of 692

statistical power. 693

29/30
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• 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)%]
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B→Xs,dγ
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Belle II 'golden channel'.
High yield. Usually good S/B ratio.

Sub-percent level uncertainties for ACP,
ΔACP, Isospin asymmetry (Δ0+) w/ 50ab-1

Percent level uncertainties for branching 
fraction, and time-dependent CPV (SCP), 
and | Vtd / Vts |

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

Table 1.1: 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).

the inclusive analysis with lepton tagging is from532

hadrons faking photons. At Belle II it should be533

possible to reduce this uncertainty by dedicated534

studies of the cluster shape in the calorimeter. A535

conservative estimation gives that the total system-536

atic uncertainty with a photon energy threshold of537

1.8GeV can be reduced from 6% to 4%.538

So far all measurements required a photon en-539

ergy greater than 1.6GeV, extrapolating to the540

full range of photon energy with the threshold of541

1.6GeV assuming a theoretical model. At Belle II,542

the branching ratio with the photon energy thresh-543

old of 1.6GeV is directly measurable, removing544

the need to perform the extrapolation and in turn545

the corresponding source of systematic uncertainty.546

Lowering the photon energy threshold will however547

increase the size of the systematic uncertainty due548

to hadronic backgrounds.549

The photon spectrum in the B-meson rest frame550

can be directly measured with a fully-inclusive anal-551

ysis with hadronic tagging, since the momentum of552

the B meson is known. Note that unfolding of the553

Doppler e↵ect due to a finite B-meson momentum554

in the ⌥ (4S) rest frame is needed in case a fully-555

inclusive analysis with lepton tagging is performed.556

The hadronic tagging provides a straightforward557

approach to measure the moments of the photon en-558

ergy spectrum. The uncertainty on the branching559

ratio measured with hadronic tagging is dominated560

by statistics at Belle due to the limited number of561

tagged B mesons. In view of the large data set at562

Belle II instead systematic uncertainties will domi-563

nate. In fact, like in the case of lepton tagging, the 564

dominant source of systematic uncertainty arises 565

from misreconstruction of hadrons as photons. As 566

a result the uncertainties of the branching ratio 567

measurements with hadronic tagging will be compa- 568

rable and strongly correlated with the uncertainty 569

in the lepton tagging analysis. 570

The branching ratio measurement with the sum- 571

of-exclusive method has compared to the fully- 572

inclusive analysis di↵erent systematics. The dom- 573

inant sources of systematic uncertainties will be 574

due to fragmentation and missing decay modes. 575

Given the large data set it should however possi- 576

ble to reduce the latter source of uncertainty by 577

including additional decay modes, but even then 578
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to non-local power corrections. BaBar measured 588

�0+(B ! Xs�) = (�0.6± 5.8± 0.9± 2.4)% [102] 589

and�0+(B ! Xs+d�) = (�6± 15± 7)% [39] with 590
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• 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)%]
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Belle II 'golden channel'.
High yield. Usually good S/B ratio.

Sub-percent level uncertainties for ACP,
ΔACP, Isospin asymmetry (Δ0+) w/ 50ab-1

Percent level uncertainties for branching 
fraction, and time-dependent CPV (SCP), 
and | Vtd / Vts |

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

Table 1.1: 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).
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Not a Belle II golden channel 
(silver, bronze?).

Independent verification strongly 
desired, since this is a hot topic. 

Ratio built from inclusive decays 
" RXs" only[?] possible at Belle II.

Better electron recovery at 
Belle II than LHCb.

H. Atmacan                                                                                                                  HINT2016

Belle
R(K), R(K*), R(Xs) at Belle II

!23

• 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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Another Belle II 'golden channel'
Observable at Belle II (if SM)

10-12% uncertainty w/ 50ab-1

Use full event reconstruction
Exploit the missing energy + sum of 
missing 3 momentum in CoM frame 
(E*miss+cp*miss)

H. Atmacan                                                                                                                  HINT2016

Belle
B → K(*) ν ν at Belle II

!31

• 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%

[1] D. M. Straub, BELLE2-MEMO-2016-007.
[2] A. J. Buras, J. Girrbach-Noe, C. Nieho↵ and D. M. Straub, JHEP 1502, 184 (2015) [arXiv:1409.4557

[hep-ph]].
[3] O. Lutz et al. [Belle Collaboration], Phys. Rev. D 87, no. 11, 111103 (2013) [arXiv:1303.3719 [hep-ex]].
[4] T. Kuhr, “B ! h(⇤)⌫⌫̄” , KEK-FF Workshop (2013).
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Very challenging to measure at LHCb.
Rare + missing energy: not observable in Belle II assuming SM.

Limit on branching fraction of B→K(*)ττ	@ 10-6 with 50ab-1.
c.f. SM 10-7.

Limit on branching fraction of B→ττ	@ 10-5 with 50ab-1.
c.f. SM 10-7. Enhanced by LH currents to 10-6.
Bs mode dependent on SuperKEKB running schedule: ϒ(5S)→BsBs

Interesting case for R&D, tagging improvements, reconstruction 
improvements. Recall tagging efficiencies <2%.

Other interesting possible LFV, LNU searches only possible at Belle II 
with full event reconstruction: B→(K(*))eτ,	B→(K(*))µτ.
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B→Xs,dγ improve precision 💮 ?

B→K(*)νν will observe if SM 💮 ×
B(s)→ττ; B→K(*)ττ limit if SM, possible in some NP scenarios ◯ ×

B→Xℓℓ; RXs
independent check of LHCb, strong C9

NP constraints ◯ ?

B→K(*)ℓℓ; RK,K* check of LHCb's indications of LNU -- 💮

Commissioning collisions 2018.
Full detector physics data expected to start in 2019.

Quickly overtake Belle dataset.
Target data sample 50ab-1

Roughly 1G[BB pairs] per ab-1 @ ϒ(4S)
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Conclusions
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B→Xs,dγ improve precision ✓✓ ?

B→K(*)νν will observe if SM ✓✓ ×
B(s)→ττ; B→K(*)ττ limit if SM, possible in some NP scenarios ✓ ×

B→Xℓℓ; RXs
independent check of LHCb, strong C9

NP constraints ✓ ?

B→K(*)ℓℓ; RK,K* check of LHCb's indications of LNU -- ✓✓

Commissioning collisions 2018.
Full detector physics data expected to start in 2019.

Quickly overtake Belle dataset.
Target data sample 50ab-1

Roughly 1G[BB pairs] per ab-1 @ ϒ(4S)
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The Intensity Frontier

Targets:

Instantaneous luminosity 8 ⇥ 1035cm�2s�1

Integrated luminosity 50ab�1 by 2024
P. Goldenzweig Belle II Status and Physics Prospects 11.3.2017 6 / 22



Inclusive b→sℓℓ

(Obviously) detailed angular analysis not 
possible in inclusive scheme (hadron fragments).

Percent level uncertainty for dB/dq2, forward-
backward asymmetry of leptons, AFB.
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Belle-2 Projections: Inclusive b→sll
Huber, Ishikawa, Virto '2016
Contours: SM Pull with 50/ab: BR & AFB
Red: Exclusive Fit (arXiv:1510.04239 [hep-ph])
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Belle
Inclusive B → Xs l+ l- at Belle II

!21

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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• Inclusive measurement is theoretically cleaner 
than exclusive.

• Measurement of BF and  AFB in B o Xs l+ l- at Belle. 
• Sum-of-exclusive method is utilized.
• Tension in low q2 region.
• Measurement can be improved at Belle II. 

[Belle, PRD 93, 032008 (2016)]

• Decay amplitude can be expressed in terms of 
C7, C9, and C10. 

• Precise theory prediction available.  
T. Huber, J. Virto, A. Ishikawa o

Assume C9
NP, add 

Belle II inclusive 
measurements 
into exclusion plot.

Will push the 
'discrepancy' way 
into 'observation' 
land (i.e. <6σ)

◯



B→D(*)τν

Percent level uncertainties on (individual) ratio of branching fractions 
B→D(*)τν to B→D(*)ℓν, R(D(*)), and polarisations of D* and τ.
Becomes systematics limited before 5ab-1.
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Current R&D: machine learning
Benchmarking with B→K*γ

2 August 2017 16

Improvements seen with 
TensorFlow neural 
networks c.f. TMVA
[ https://www.tensorflow.org ] 

Becoming industry 
standard, actively 
maintained / improved.

Benchmarking in 'easy' 
mode: precursor to trying 
out with more complex 
analysis (e.g. B→K(*)ττ	). Signal efficiency
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