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Status of Belle activity

Unitarity triangle from B decays

Bottomonia (shooting like bamboo after rain)

τ physics (after discussion with Carsten Niebuhr)

A few words on Belle II physics

Short summary

Disclaimer: only selected topics, sorry for omissions
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total 1.041 ab −1

Υ(4S) 711 (+90 off) fb −1 (772M BB)

Υ(5S) 121 fb−1 (7.1M Bs pairs)

Υ(2S) 24.1 (+1.7 off) fb −1 (158M 2S)

Υ(1S) 5.7 (+1.8 off) fb −1 (100M 1S)

second largest sample Υ(3S) 2.95 (+0.25) fb−1
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total 1.041 ab −1

9 months / year

20 days / month

50 ab−1 in 2021

peak L

= 8 × 1035 cm−2s−1

Υ(4S) 711 (+90 off) fb −1 (772M BB)

Υ(5S) 121 fb−1 (7.1M Bs pairs)

Υ(2S) 24.1 (+1.7 off) fb −1 (158M 2S)

Υ(1S) 5.7 (+1.8 off) fb −1 (100M 1S)

second largest sample Υ(3S) 2.95 (+0.25) fb−1
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Wide range of Belle program:

B, Bs, D
(∗(∗))

(s)
, τ, cc-like, bb-like, 2γ-process, ISR, exotic objects, . . .

CP and other asymmetries, decay rates, masses, widths, JPC, . . .

357 publication as of today (a few were just submitted)

∼10 always in pipeline (collaboration review and authorship confirmation)P
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arXiv:1201.4643

to appear in PRL

sin 2φ1 = 0.668 ± 0.023 ± 0.013
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Final addition of data
44% more than previous publication

Improved reconstruction
18% gain in average
Flavor tag is also improved

More modes ψ(2S)K0
S

and χc1K0
S

added
total 2.1x gain for CP odd

Improved vertexing
a better estimator for the vertex quality
reduced systematic error (but still dominant)

Subtle physics effects
tag-side interference taken into account

the world-best single measurement,
but still room to improve by factor ∼2
at Belle II (DEPFET vertexing helps!)P
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Loop measurements
(SM: phase and size of Vtd)

Tree measurements
(SM: phase and size of Vub)

φ1 is the best UT measurement, but not a SM reference

Most likely NP in the loop measurements only ( φ1 and |Vtd|)
and may differ from the tree measurements ( φ3 and |Vub|)

Experimental precision: φ1 ≫ φ2 ≫ φ3, |Vcb| ≫ |Vtd|, |Vub|

Theoretical cleanness: φ1, φ3 ≫ φ2 ≫ |Vcb| ≫ |Vub|, |Vtd|
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f i t t e r

2.7σ tension: φ1 and B+ → τ+ν

Disagreement between
exclusive and inclusive b→ uℓ−ν

Theory problem? (mostly lattice. . . )

New physics?
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B+ → τ+ν

inclusive b→ uℓ−ν
CKM fit
exclusive b→ uℓ−ν

Urgent: finalize B → τν (summer 2012 plan)

Inclusive & exclusive b→ uℓ−ν, theory bound also severeP
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Υ(4S)

Tag the other B for the modes
with ≥ 2 neutrinos

Also useful for inclusive and
exclusive b→ uℓ−ν

(Bonn group)

For B+ → τ+ν,

Tag improvement (×2)

Final dataset (×1.7)

Analysis improvement

⇒ stat. error ∼1/2

(to appear soon)
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10×

(Karlsruhe group)

Using Neurobayes

Previous algorithm

efficiency 0.26%
purity 26%

efficiency 0.13%
purity 26%

Mbc =

√

E∗
beam

2 − p∗2
B
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SuperKEKB; 5/ab

cartoon
C K M

η

ρ

excluded area has CL > 0.95
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errors for 50 ab−1

with no Lattice info

Isospin analysis of B → ππ modes ( π+π−, π+π0 and π0π0),
results in preparation for summer 2012 (MPI group)

Similar modes B → ρπ (more involved due to Dalitz) or B → ρρ

(and polarization) have good sensitivity (last result 449M/535M)

φ2 makes the reference angle φ1 to a reference point ( ρ, η)
at Belle II
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We took data at Υ(1S, 2S, 3S) to study bottomonia, butΥ(5S) turned out to be an
excellent bottomonia factory (R. Mussa)
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Large spin-singlet state hb(1P) and hb(2P) found in Υ(5S) data

Found in π+π− recoil mass

Source for other bottomonium(-like) states: Z+
b1

, Z+
b2

, ηb(1S), . . .

Υ(1D) is also separately confirmedP
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Zb(10610)

∆M, MeV ∆Γ, MeV

Zb(10650)

∆M, MeV ∆Γ, MeV
-10 0 10

M = 10608.4 ± 2.0 MeV
Γ = 15.6 ± 2.5 MeV

M = 10653.2 ± 1.5 MeV
Γ = 14.4 ± 3.2 MeV

Charged bottomonia
Zb found in 5 decay
channels

Just above BB∗ and
B∗B∗ threshold

Similar to charged
charmonia Z(4430),
Z1, Z2
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Zb1

Zb2

L=?
S=?

Charmonia: still many mysteries including X(3872)

Bottomonia: charged Zb states but no other “unexpected”?
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Let me skip also interesting charmonia(-like) and charm
physics. . .
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H.Hayashii, tau2010
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“No LFV” in the SM, LFV is an unmistakable sign of NP

LFV naturally shows up in many extensions to the SM

MSSM + seesaw, Higgs mediated, Little Higgs, heavy majorana νR

Branching fraction can be as large as O(10−7) or O(10−8)

Many possible decay modes:

τ→ µγ, τ→ ℓℓℓ, τ→ µη, τ→ ℓ + any hadrons

Different modes have different sensitivity to different NP models

Already excluding some predictions, still large room to explore

Synergy with µ→ eγ measurement
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Belle reported the best upper limits in most of the modes

All upper limits below 10−7, almost reaching 10−8

Belle’s τ→ eγ and τ→ µγ: work in progress

P
h
y
si
cs

at
B
el
le

&
B
el
le

II
—

M
.
N
ak

ao
—

p
.1
9



Expected upper limits updated thanks to recent analysis
improvements

Can reach B ∼ 8 × 10−10 for τ→ µµµ, B ∼ 3 × 10−9 for τ→ µγ

Keeping beam background low is the top priority
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H.Hayashii, tau2010

If Higgs is light (130–400 GeV),
Higgs-mediated diagram plays
an important role.
Belle II has a good sensitivity for
such a scenario.
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|
us

|V
0.2 0.21 0.22 0.23

CKM Unitarity
 0.0010±0.2255 

 s inclusive)→ τHFAG Fit (
 0.0022±0.2168 

)τν π → τ)/(τν K → τHFAG Fit (
 0.0022±0.2239 

)τν K → τHFAG Fit (
 0.0032±0.2203 

Hyperon decays
 0.0050±0.2260 

 decaysl2FlaviaNet K
 0.0013±0.2252 

 decaysl3FlaviaNet K
 0.0013±0.2254 

HFAG-Tau
Summer 2011

|Vus| determined in multiple ways

From CKM unitarity

From semileptonic K decays

From the ratio (τ→ Kν)/(τ→ πν)

Something wrong in the ratio
(τ→ strange)/(τ→ non-strange)?

τ is competitive, improved measurements urgently needed

Belle results on (τ→ Kν)/(τ→ πν) is missing
(but will be limited by the form factor uncertainties)

Inclusive measurement needs to measure “all” exclusives one-by-one

Systematic shift may be due to detector bias? Belle detector
systematics (esp. for K0

S
and π0) are now known better

Initial discussion started with C. Niebuhr and H. Hayashii
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8.5 9 9.5

CLEO3 03 0.46) %±(9.13

BABAR 08 0.13) %±(8.83

This work 0.26) %±(8.42

 decayνπππ →τBranching ratio of 

2 3 4 5 6
-310×

DELPHI 97 -310×0.80)±(4.90

ALEPH 98 -310×0.47)±(2.14

CLEO 99 -310×0.61)±(3.46

OPAL 00 -310×0.95)±(3.60

CLEO3 03 -310×0.40)±(3.84

OPAL 04 -310×0.66)±(4.15

BABAR 08 -310×0.09)±(2.73

This work -310×0.17)±(3.30

 decayνππ K→τBranching ratio of 

1 1.5 2
-310×

ALEPH 98 -310×0.27)±(1.63

CLEO 99 -310×0.31)±(1.45

OPAL 00 -310×0.69)±(0.87

CLEO3 03 -310×0.11)±(1.55

BABAR 08 -310×0.04)±(1.35

This work -310×0.06)±(1.55

 decayνπ KK→τBranching ratio of 

0 10 20 30 40
-610×

CLEO3 03 -510×< 3.70

BABAR 08 -510×0.17)±(1.58

This work -510×0.26)±(3.29

ALEPH 98 -410×< 1.9

 decayν KKK→τBranching ratio of 

πππ Kππ KKπ KKK

τ→ h+h−h+ντ (h = π,K) [Belle 666 fb−1]

1-3 prong events are selected

Cross-feeds between 4 modes unfolded

Mass spectrum iteratively unfolded
TAUOLA MC (in red) does not model well

Normalized to well-known τ→ ℓνν

Systematic error dominant (except KKK)

Discrepancy between Belle/BaBar?

And this will be a very nice sample to search for CPV in τ decays
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Belle has been producing (way too) many exciting results,
surpassing the original expectation, and Belle II will foll ow
(sorry for omissions, but impossible to cover all by a single speaker)

Still many uncovered Belle physics waiting for contributio ns

There are interesting tensions, Belle II will fully uncover

DESY contribution to
Belle and Belle II physics
will beautifully blossom

References: many materials taken from recent KEK-FF2012, Belle-PAC, LP2011, TAU2010
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