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Talk Outline 

• Introduction
• Advantage of Belle II and interplay with LHC(b)

• CKM
• B→D(*) τ ν, τ ν, l ν 
• B→Xs l l,  B→K(*) τ τ
• Lepton flavor violation 

• Status and prospect of SuperKEKB/Belle II
• Summary
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Interplay bet. Belle II and LHCb
Interplay bet. B (flavor) and high PT programs

1808.10567“The Belle II Physics Book”

Apology: I cannot cover all topics.



Perfect SM
• CP violation explained by the mechanism proposed by 

Kobayashi and Maskawa.
• Higgs has been discovered and its couplings to fermions 

are being measured. 
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Problems in the SM:  naturalness, dark matter, matter-
antimatter asymmetry in the Universe, …

New Physics beyond the SM



Role of Flavor Physics 
• Search for New Physics through processes sensitive to presence of 

virtual heavy particles.
• Complementary to direct search at LHC high PT programs.
• Becoming more and more important, since no NP signal at LHC at 

this moment.
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Hints of New Physics ! 

Is Lepton Non-universality the clue to NP ?
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SuperKEKB/Belle II
New intensity frontier facility at KEK
• Target luminosity ; Lpeak = 8 x 1035cm-2s-1

　　　　　　　　　　　　⇒ ~1010 BB, τ+τ- and charms per year !　　　　　
　　                          Lint  > 50 ab-1                            
• Rich physics program

• Search for New Physics through processes sensitive to virtual heavy particles.
• New QCD phenomena (XYZ, new states including heavy flavors)   + more
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The first particle collider after the LHC !

L peak (KEKB) 
=2.1x1034cm-2s-

Peak Luminosity Trends (e+e- collider) SuperKEKB



SuperKEKB Accelerator
• Low emittance (“nano-beam”) scheme employed (originally proposed by P. Raimondi)
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SuperKEKB
LER/HER

KEKB
LER/HER

E(GeV) 4.0/7.0 3.5/8.0

εx (nm) 3.2/4.6 18/24

βy at IP(mm) 0.27/0.30 5.9/5.9

βx at 
IP(mm) 32/25 120/120

Half crossing 
angle(mrad) 41.5 11

I(A) 3.6/2.6 1.6/1.2

Lifetime ~10min 130min/200min

L(cm-2s-1) 80×1034 2.1×1034

Machine parameters

x20

x2



Belle II Detector
• Deal with higher background  (10-20×), radiation damage, higher occupancy, 

higher event rates (L1 trigg. 0.5→30 kHz)

• Improved performance and hermeticity
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The Belle II Collaboration
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• Belle II now has grown to ~800 
researchers from 25 countries 
• ~270 graduate students 

• Large international collaboration 
hosted by KEK, Japan



Advantage of e+e- Flavor Factory
• Clean environment

• Efficient detection of neutrals (γ, π0, η, …)
• Quantum correlated B0B0 pairs

• High effective flavor tagging efficiency : 
~34%(Belle II)           ~3% (LHCb) 

• Large sample of τ leptons
• Search for LFV τ decays at O(10-9)
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• Full reconstruction tagging possible
• A powerful tool to measure; 

• b→u semileptonic decays (CKM)
• decays with large missing energy

ϒ(4S)
BsigBtag

π

 ℓ

νπ

π

π

K

Signal sideTag side

B → π l ν
B → τ ν, D τ ν

B → K ν ν 

• Systematics different from LHCb
• Two experiments are required to establish NP
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e+e- collision
low background

Powerful ! Clean !

TOYOTA FCV
NOW ON MARKET ! 

pp collision
large production rate



The role of τ lepton 
τ lepton
• The heaviest charged lepton
• High sensitivity to New Physics
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Unique probe to search for New Physics
e+e- → τ+τ-  → decays decays w/ τ in the final state 

electron muon tau 

e µ τ

Gen. I II III 
Mass [MeV] 0.511 106 1780 
Life ∞ 2.20µs 0.291ps 

• LFV (Lepton Flavor Violation)
• EDM, CPV, g-2
• LNV (Lepton Number Violation)
• BNV (Baryon Number Violation)
• Precision test of SM

• charm
• bottom
• top
• Higgs

Belle II has advantage for these measurements ! 



Missing energy decays 
• e+e- annihilation data is ideal to decays with large missing energy.
• B tagging analysis enables also precise inclusive measurements;  

b→u l ν, b→s γ, b→s l l
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B tag w/ semileptonic decays

B tag w/ hadronic decays

efficiency

purity



Belle II Full Event Reconstruction 
• Belle II has developed a new “Full Event Interpretation” tool 

based on fast BDT.
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Number of decay modes used in tagging 
(Belle → Belle II)
• B+: 17→29, B0: 14→26
• D+/D*+/Ds+: 18→26, D0/D*0: 12→17



Prospect for CKM
• Details have been discussed by other speakers.

• See talks by J. Charles, A. Passeri, M.A. Vesterinen, A. Poluektov, M. Jung

• For |Vxb|, Belle II is able to perform both inclusive and exclusive measurements with B 
tagging, including 
• detailed studies of exclusive decays to understand the difference, which is presently 

seen.
• precise branching fractions for normalization modes used at LHCb

• Interplay with theoretical studies is important.
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Belle II prospect for |Vxb|
1808.10567



CKM fit w/ Belle II + LHCb 
15

1808.10567



CKM fit w/ Belle II + LHCb 
15

Belle$II$5ab)1$+$LHCb$70)1$ Belle$II$50ab)1$+$LHCb$500)1$

Relative amplitude phase

1808.10567



B→D(*)τν, B→τν
• New Physics may appear in tree level.

• 3rd generation quark (b) and lepton 
(τ) involved.
• large masses → sensitivity to NP
• Charged Higgs, Leptoquark, … 

• B→D(*) τ ν and  B→ τ ν are 
complementary

• Quantities of interest
• Lepton Flavor Universality :

• R(D), R(D*)
• Polarization: Pτ, PD*

• q2 distribution etc.
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R(D), R(D*) 
R(D*)

Only had. tag. 
at B-factories

R(D)
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Deviation from SM slightly decreased 
from 4.1 →3.8σ, mainly due to change 
in theoretical SM prediction.

SM
3.8σ

Summer 2018 update



• Exploit the τ vertex isolation.

• R(D*) muonic

• R(J/ψ) muonic 

• R(D*) hadronic
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R(D*) at LHCb 
Talk by Adam Morris

R(D*) muonic R(J/ψ) muonic R(D*) hadronic systematics

Belle II may help !



Belle II Projections

• More observables (distributions) !
• P(τ), P(D*)

• dΓ/dq2, dΓ/dpD(*), dΓ/dpe, …

• More modes !
• B → π τ ν, 

• BS → DS τ ν (at 5S runs) , …

• Lepton universality violation may be established even with 5ab-1 (2020).

• High statistics data will  provide more detailed information, such as τ 
polarization, q2 distribution, to discriminate type of NP.
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Will soon hit the systematic limit !



Pinning down leading systematic errors
• Measurement of R(D*) will be systematic 

dominated rather soon (at ~5ab-1 at Belle II)
• Leading systematic errors:

• Uncertainty in D** composition
• Uncertainty in modeling of B→D** l ν 

kinematics
• Uncertainty in hadronic B decays as well 

(for measurements with τ hadronic 
decays) 

New hadronic tag analysis
• B+→D(*)π+lν (1.4k signal)
• B0→D(*)π+lν (1.1k signal)

Belle, arXiv: 1803.06444

Belle II will provide much more information
• Differential distribution of narrow and 

broad components
• More complete study of D** decay width 

m2miss studies and hadronic modes O(10) more tags 
expected !
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Measurement of τ polarization
21

• Belle II will be able to measure distributions; such as τ 
polarization, q2 distribution, to discriminate type of NP.

Measurement of τ polarization

Known
• PB ← B tagging
• PD ← D recon.



• Belle II will be able to measure B→τ ν precisely, 
and also measure B→μ ν for the first time.

• They will provide useful information to digest NP 
models (if the present anomalies are confirmed).

• SM branching fraction

• Parameters

• B decay constant (FLAG 2016) :

• CKM element (HFLAV 2016?) :

• From exclusive measurements   

B → τ ν, l ν
22

rH = 1-
mB
2

mH
2
tan2 β

!

"
##

$

%
&&

2

Br = BrSM × rH rH = 1− gS
2

Type II 2HDM, W. S. Hou, !
PRD 48, 2342 (1993), !

8 Leptonic and Semileptonic B Decays

over all angles,

d�

dq2
= Cq|⌘EW|2
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F |Vqb|2
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�1/2

4M3
B
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|H+|2 + |H�|2 + |H0|2
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+ ⇣12|Hs|2

o
, (120)

where Cq = 1/2 for ⇢0 and 1 otherwise, �12 and ⇣12 are obtained from Eqs. (91) and (92) by

substituting M2
B ! q2, and

�12 = 1 � m2
1 + m2

2

q2
� �12

q22 . (121)

Note that the di↵erential rate for the semileptonic decay B+ ! P 0`+⌫` is the same after

dropping the H± terms.23 These formulas again hold for a V � A lepton current; in general

the pattern of lepton masses and couplings is more complicated.

Beyond the SM, the pseudoscalar and tensor currents can mediate these decays, in addition

to the SM vector and axial-vector currents. The matrix element for the pseudoscalar follows

in analogy to Eq. (89):

hV (k, ✏(V ))|P |B(p)i =
2MV

mb + mq
✏̄(V ) · qA0(q

2) =
�1/2

mb + mq
A0(q

2), (122)

with the last equality holding only in the polarisation, namely ✏(V ) = ✏(V )
0 , with a nonzero

amplitude. The tensor current has the matrix element
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�⌧ ✏̄

(V )
⇢

⇢
g⇢�(p + k)⌧T1(q

2) � g⇢�q⌧ M2
B � M2

V

q2

⇥
T1(q

2) � T2(q
2)

⇤

+ q⇢ (p + k)�q⌧

q2


T1(q
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T3(q
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.

(123)

In penguin amplitudes, the combinations q⌫Tµ⌫ and "µ⌫↵�q⌫T↵� appear, leading straightfor-

wardly to additional terms in the helicity amplitudes. See also Ref. [212].

The discussion of electroweak and Coulomb correction in the paragraph with Eq. 109

applies here too.

8.3. Leptonic B decays

Authors: G. De Nardo (exp.), M. Merola (exp.), R. Watanabe (th.)

The branching fraction of B� ! `�⌫̄`, B`, is proportional to the mass squared of the

charged lepton, cf. Eqs. 90 and 92. Hence, B⌧ , Bµ, and Be are hierarchical in the respective

lepton mass in the absence of new physics. We take |Vub| = (3.55 ± 0.12) ⇥ 10�3, deter-

mined from exclusive semileptonic B decays by HFLAV [214], and fB = (186 ± 4) MeV from

Ref. [202], which is the only entry in the 2016 FLAG [126] average with four active flavours.24

The predicted values for the SM are then found to be

B⌧ = (7.7 ± 0.6) ⇥ 10�5, Bµ = (3.5 ± 0.3) ⇥ 10�7, Be = (8.1 ± 0.6) ⇥ 10�12. (124)

This class of decays is of interest not only to test the SM but also search for new physics at

Belle II.

23 In B ! P `⌫, H0(q2) = (�/q2)1/2f+(q2) and Hs = [(M2
B � M2

P )/
p

q2]f0(q2).
24 FLAG will update its averages in 2018. For decay constants, the most significant new result is

fB = 189.4 ± 1.4 MeV from Ref. [215].
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B⌧ = (7.7± 0.6)⇥ 10�5

Bµ = (3.5± 0.3)⇥ 10�7

Be = (8.1± 0.6)⇥ 10�12

Possible correction by NP



B → τ ν, l ν at Belle II
23

B→τν
• Exploits high efficiency of the hadronic 

tag method through the Full Event 
Interpretation (FEI).

• Selection of photon candidates is 
important to cope with machine 
background in Belle II (x20 w.r.t. Belle)

• Cluster energy, timing, shape (E9/E25)

• Multivariate continuum suppression 

B→μν
• Tagged searches are possible, but 

efficiency is too low 

• Extrapolation from Belle to Belle II 

• Branching fraction error : 7%(stat.) 
at 50ab-1

• 5σ observation at 6 ab-1

8 Leptonic and Semileptonic B Decays
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to an integrated luminosity of 1 ab�1
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(b) Comparison of signal EECL distribution for this analysis
(red) and the Belle measurement with hadronic tag (blue).
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(c) Maximum likelihood fit to pseudo-data EECL distribu-
tion sampled from simulation. The red and blue histograms
represent the signal and background fit functions (templates
from simulation). The events correspond to an integrated
luminosity of 1 ab�1.

Fig. 62: EECL distributions for signal and background in the analysis of B ! ⌧⌫ .

signal and background events are taken from simulation. In Fig. 62(c) an illustrative plot of

the fit to one pseudo-dataset is shown.

161/688

)c (GeV/*
µ
p

2.4 2.5 2.6 2.7 2.8 2.9 3 3.10

100

200

300

400

500

600

700
Belle MC signal
Belle MC background

 10×Belle MC signal 

outNN
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

20
40
60
80
100
120
140
160

Fig. 65: The distributions of the muon momentum p⇤
µ in the centre-of-mass and the neural

net output variable NNout in the signal enhanced region NNout > 0.84 and 2.6 GeV/c <

p⇤
µ < 2.85 GeV/c, respectively based on Belle MC and equivalent to the full Belle data of

711 fb�1.

is shown in Fig. 65. For 2.6 GeV/c < p⇤
µ < 2.85 GeV/c and NNout > 0.84 the figure-of-

merit is FOMBelle = Nsig/
p

Nsig + Nbkg = 31.5/
p

31.5 + 300 ⇡ 1.73 and can be scaled to

the full Belle II statistics as FOMBelleII = FOMBelle ⇥
q

50 ab�1/0.711 ab�1 ⇡ 14.5 or ⇠ 7%

statistical precision in the branching fraction. Naively, to reach 5� significance Belle II should

collect approximately 6 ab�1. A toy MC study of a two dimensional fit to the NNout vs p⇤
µ

distribution shows better separation than naive event counting, and statistical precision is

expected to be better than 5% with the full Belle II data set. With a much larger data set at

Belle II, systematic uncertainties will be as good or better than the statistical uncertainty

in this channel.

8.3.3. Sensitivity to new physics. In the following, we will consider the scenario that new

physics only measurably a↵ects the tau mode, that is, rµ
NP = re

NP = 0. The dominant sources

of theoretical uncertainty in B� ! `�⌫̄` are fB and |Vub|, therefore to mitigate them, we

can form ratios to light leptonic modes defined as.

Rps =
⌧B0

⌧B�

B(B� ! ⌧�⌫̄⌧ )

B(B̄0 ! ⇡+`�⌫̄`)
, Rpl =

B(B� ! ⌧�⌫̄⌧ )

B(B� ! µ�⌫̄µ)
. (127)

The former has the advantage that B̄0 ! ⇡+`�⌫̄` is experimentally well known, whereas the

latter has a very precise theoretical prediction in the SM. On the other hand, Rps still includes

theoretical uncertainties from fB/f+, while Rpl has not been measured yet. Predictions for

these ratios are calculated in Ref. [227] and are as follows,.

RNP
ps = (0.539 ± 0.043)

��1 + r⌧
NP

��2 , (128)

RNP
pl =

m2
⌧

m2
µ

(1 � m2
⌧/m2

B)2

(1 � m2
µ/m2

B)2
��1 + r⌧

NP

��2 ' 222.37
��1 + r⌧

NP

��2 . (129)

The current experimental constraints on B� ! ⌧�⌫̄⌧ [69] and B̄0 ! ⇡+`�⌫̄` [214] result in

Rexp
ps = 0.73 ± 0.14. This is compared with Eq. 128 to find the following constraint on r⌧

NP:
��1 + r⌧

NP

�� = 1.16 ± 0.11 (from Rps) . (130)

We find that Rps provides a slightly tighter bound than the direct branching fraction

measurement. The present experiment uncertainty in Rexp
ps of 0.14 is expected to improve sub-

stantially, as discussed in Sec.8.3.1. Such a reduction allows for a more stringent test for new
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• Effect by New physics

• Present constraints

• Two ratios to reduce theoretical 
uncertainties:

• Current constraint from Rexpps 
= 0.73 ± 0.14

Constraint on NP
24

Past measurements of B(B� ! ⌧�⌫̄⌧ ) by Belle and BaBar were performed with two inde-

pendent approaches to reconstruct Btag: using semileptonic and hadronic decays [216–220].

At present, no single experiment finds a significance greater than 5�. Combining the mea-

surements by Belle and BaBar, the world average is given as (1.06 ± 0.19) ⇥ 10�4 [214], which

has over 5� significance. This is consistent with the prediction (B⌧ = (7.7 ± 0.6) ⇥ 10�5) at

2�.

The light-leptonic modes B� ! `�⌫̄` for ` = e, µ are two-body decays, which implies that

the charged lepton momentum in the rest frame of Bsig is mB/2. Thus, this unique 2-body

decay topology can be exploited in search analyses. The light-leptonic modes have not yet

been observed [221, 222]. The upper limit on Bµ is then summarised as < 1 ⇥ 10�6 at 90%

CL, whereas that on Be is also given as < 0.98 ⇥ 10�6 [69].

The above summary shows that the present branching fraction measurement of B� ! ⌧�⌫̄⌧

and upper limit of B� ! µ�⌫̄µ are already close to their SM predictions. We expect that

these processes will eventually be observed with more than 5� significance at SuperKEK-

B/Belle II. The decay B� ! e�⌫̄e can be observed only if new physics greatly enhances its

decay rate.

In the absence of new physics, purely leptonic decays can provide direct determinations

of |Vub| with relatively small theoretical uncertainty. Since discrepancies amongst the |Vub|
determinations from exclusive and inclusive processes are long standing, leptonic decays can

provide important orthogonal information as is done in the determination of |Vcd| and |Vcs|.
The presence of new physics with di↵erent chiral structure would primarily be observed

through modifications to B� ! `�⌫̄` rates. Namely, we can describe the branching fraction

as.

B(B� ! `�⌫̄`)NP = B(B� ! `�⌫̄`)SM ⇥
��1 + r`

NP

��2, (125)

for the new physics model. Comparing the current data and the SM reference values shown

above, we can see the present constraints as
��1 + r⌧

NP

�� = 1.17 ± 0.12 ,
��1 + rµ

NP

�� < 1.7 (90% CL) ,
��1 + re

NP

�� < 348 (90% CL) . (126)

Theoretical uncertainties are not taken into account in the latter two results as they are

considered negligible.

8.3.1. B ! ⌧⌫⌧ .

Belle II Full Simulation Study. The study presented here aims at estimating the precision

of Belle II on the measurement of the branching fraction of B ! ⌧⌫⌧ with 1, 5 and 50 ab�1

of data respectively. The analysis is performed on the MC5 Belle II production (see Sec. 4)

corresponding to 1 ab�1 of generic B+B�/B0B0, uu, dd, ss, cc background processes and

100 ⇥ 106 signal events. In these samples the expected machine background (see Sec. 4) is

superimposed with the simulated primary collision events.

The analysis strategy exploits the high e�ciency of the hadronic tag method through the
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158/688

Past measurements of B(B� ! ⌧�⌫̄⌧ ) by Belle and BaBar were performed with two inde-
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has over 5� significance. This is consistent with the prediction (B⌧ = (7.7 ± 0.6) ⇥ 10�5) at
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In the absence of new physics, purely leptonic decays can provide direct determinations
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provide important orthogonal information as is done in the determination of |Vcd| and |Vcs|.
The presence of new physics with di↵erent chiral structure would primarily be observed
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as.

B(B� ! `�⌫̄`)NP = B(B� ! `�⌫̄`)SM ⇥
��1 + r`

NP

��2, (125)

for the new physics model. Comparing the current data and the SM reference values shown

above, we can see the present constraints as
��1 + r⌧

NP

�� = 1.17 ± 0.12 ,
��1 + rµ

NP

�� < 1.7 (90% CL) ,
��1 + re

NP

�� < 348 (90% CL) . (126)

Theoretical uncertainties are not taken into account in the latter two results as they are

considered negligible.

8.3.1. B ! ⌧⌫⌧ .
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of Belle II on the measurement of the branching fraction of B ! ⌧⌫⌧ with 1, 5 and 50 ab�1

of data respectively. The analysis is performed on the MC5 Belle II production (see Sec. 4)

corresponding to 1 ab�1 of generic B+B�/B0B0, uu, dd, ss, cc background processes and

100 ⇥ 106 signal events. In these samples the expected machine background (see Sec. 4) is

superimposed with the simulated primary collision events.

The analysis strategy exploits the high e�ciency of the hadronic tag method through the

Full Event Interpretation (FEI) algorithm (Sec. 6.6). It makes use of thousands of B meson

decay modes and builds up a multivariate discriminant to assign to each B candidate a

probability of correct reconstruction. In order to reject mis-reconstructed Btag candidates,

a criterion is placed on the FEI discriminant corresponding to purities of 49% and 93% for

158/688

Error	from	B→π	
form	factor	(f+)�

|Vub|� fB�

Belle II projection

95%C.L. limit on rτNP



Testing B anomalies at ATLAS/
CMS (e.g. LQ model)

• The Leptoquark (LQ) model is a favored model, which can 
explain observed anomalies consistently: P5’, R_K(*), R(D(*))
• Coupling to 3rd gen. > to 2nd gen. >> to 1st gen.   

25

ντ

τ -

cb LQ
e.g. : scalar leptoquark

Once B anomalies are confirmed, it would be interesting 
to see results of ATLAS/CMS w/ 300fb-1

1808.10567



b → s l l decays 
26

Talks by Francesco Polci
RK*0 RK

P5’ BS → φμμ



b → s l l inclusive  
27

1808.10567

Talks by Karim Trabelsi

Belle II can provide data from inclusive measurements
• sum of exclusive, as done by Belle



b → s τ τ, s τ l  
28

1808.10567

1808.10567

Talks by Karim Trabelsi

Tauonic channels become more interesting, as R(D(*)) get more 
precise ! 

B → K(*) τ τ

B → K(*) τ μ

L. Calibbi et al., 
1709.00692

arXiv: 1712.01919



Wilson coefficients with 
Belle II and LHCb 

• Wilson coefficient scan under given NP scenarios.

29

J. Albrecht et al., 
1709.10308

• With projected uncertainties at milestones
Belle II(ab-1) LHCb(fb-1)

I 5 8
II 50 22
III 50



LFV τ Decays
30

• Lepton flavor violated in 
the neutrino sector.

• Some NP models predicts 
LFV to be observed in 
‘near’ future experiments.

• Complementary to LHC

• τ LFV complementary to 
muon programs

• μ→eγ, eee

• µ→e conversion

Talk by Ami Rostomyan
at TAU2018



SUSY+GUT
(SUSY+Seesaw)

Higgs mediated Little Higgs
non-universal

Z’ boson

~ 2×10-3 0.06 - 0.1 0.4 - 2.3 ~16

~ 1×10-2 ~ 1×10-2 0.3 - 1.6 ~16

< 10-7 < 10-10 < 10-10 < 10-9

Comparison between NP models
31

• Ratios of tau LFV decay BF allow to discriminate between new 
physics models. 

JHEP 0705, 013(2007)  PLB547 252 (2002)

Favorite 
modes

τ → µγ  

τ µ

γ

!τ
!χ0

(m !l
2 )23(13)

τ → µµµ 
τ µ

µ

µ

h

B(⌧ ! µµµ)

B(⌧ ! µ�)
B(⌧ ! µee)

B(⌧ ! µ�)

B(⌧ ! µ�)max



Tau analysis at Belle II  
32

• 40 times higher luminosity gives higher machine induced backgrounds, 
which complicate tau analyses.
• Touschek, beam gas, SR, radiative Bhabha, …

• Mitigation of backgrounds have been studied based on MC.
• Cluster energy, timing, + charged track selection (Pt, dz)

Eγ cluster timing



Tau LFV prospect at Belle II   
33

• Belle II will push down the current bounds further by more than 
an order of magnitude.

• Need to check the actual background situation with real beams.
• It is also important to increase sensitivity by improved analysis 

technique.



Tau LFV and Higgs LFV decays
• CMS, 35.9 fb-1, 13 TeV

• tau reconstructed by both septic and hadronic decays.

• The observed (expected) limit (95%C.L.): 

• Br(H→μτ)< 0.25 (0.25) % 

• Br(H→eτ)< 0.61 (0.37) %  

34

Comparison of improved limits by Belle II with LHC 
will be interesting.

CMS PAS HIG-17-001



Tau LFV and SUSY direct 
search at ATLAS/CMS 

• Constraints on neutralino and slept mass from τ→μγ based 
on MSSM. 

35

1808.10567



SuperKEKB/Belle II Plan
36

Phase 1 (w/o QCS/Belle II)
• Accelerator basic tuning 

with single beams

Phase 2 (w/ QCS/Belle II but 
w/o VXD)
• Verification of nano-beam 

scheme
• Understand beam 

background

Phase 3 (w/ full detector)
• 1ab-1 after 1 year
• 5ab-1 by ~2020
• 50ab-1 by ~2025



First Collision !
0:38, April 26, 2018
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First Collision !
0:38, April 26, 2018

37



First Collision !
0:38, April 26, 2018
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Collision with Nano-Beam
38

Belle case 1999 data

Phase 2 vertex data verify collision spot 
much shorter than the bunch length.



Luminosity during Phase 2
39

by*= 80mm by*= 8mm 6mm by
*= 4mm by

*= 3mm

5.55 x 1033/cm2/s (by*3mm, LER: 800mA, HER: 780mA, 1576 bunches/beam July 5th)
2.29 x 1033/cm2/s (by*3mm, LER: 270mA, HER: 225mA,   394 bunches/beam July 3rd)



Belle II performance in Phase 2  
40

• Clear mass peak observed by combining  charged tracks 
and photons



B reconstruction in Phase 2  
41

• B meson signals have been seen in Phase 2 data.



τ→3πν in Belle II early data  
42

• 291pb-1 in Phase 2 run.

M3π distribution

Preliminary τ mass measurement

consistent with previous results

Talk by Michel H. Villanueva at TAU2018



Prospect toward Phase 3  
• SVD has been constructed, and being 

commissioned with cosmic rays.

• PXD ladders have been delivered to 
KEK.

• VXD mounting on beam pipe in 
progress.

• VXD installation in Belle II expected 
in November.

• Phase 3 will start near the end of 
JFY2018. 

43

Completion of 2nd SVD half shell

SVD commissioning w/ cosmic ray

PXD 2nd half shell



No NP at LHC so far 
The mass region ~1TeV almost excluded ?

44



We know this old road… 
45

Mt. New Physics ?

by Hiroshige Utagawa (1797-1858)



Learning from history
• Suppressed K0→μμ (GIM) → Charm quark !
• CPV in KL0 →ππ(KM) → 3rd generation !!
• B-B oscillation → Top is heavy !!!

46

Physicists were rather optimistic before ARGUS 
observed this !

Mt > 50 GeV/c2



Summary to find NP
• The role of flavor physics is important.
• Belle II is ramping up !, and data will be on market soon !! 

As Belle II accumulate data, interplays are important with
• LHCb

• friendly competition
• supplement information: precise branching fractions for 

normalization modes, detailed studies of physical background 
such as D** l ν for R(D(*))

• ATLAS / CMS 
• it would be interesting to test collider data with given NP 

models, which can explain anomalies in flavor data.

• Theorists
• to reduce theoretical uncertainties
• to interpret data and feedback.

47

Stay Tuned !
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