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Outline
1. Introduction

2. Measurement of Unitarity Triangle: Updates
    - Update of φ3 measurement with B→D(*)K Dalitz

    - V
cb

 measurement using B+→D*lν
    - V

ub
 measurement using B→X

u
lv with full recon tag

3. New results with Υ(5S)
    - B

s
→J/ψ η / η'

    - B
s
→D

s
*π / ρ

    - B
s
→h+h-

4. Summary
* Rare B decays will be covered by Kurtis Nishimura
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Lpeak = 2.108×1034cm-2s-1

The world's largest data set The world's largest data set 
of B meson pairsof B meson pairs

Next (last?) run from May

770M BB pairs taken on Υ(4S)
+ Υ(1S,2S,3S,and 5S)

Ltot   > 1ab-1
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Experimental Technique : Reconstruction of B meson

Energy difference:

energy of 
B0 candidate

expected energy 
of B0

 E=E J /EKs−ECM /2.0

Beam Constrained Mass:

momentum of
B0 candidate

M bc=ECM / 2.02− p J / pKs 
2

- B mesons are reconstructed
  from decay products by 
  calculating invariant mass
  repeatedly.
- Signal is isolated using the
  kinamatic constraints of
  production at threshold.



 

R.Itoh, La Thuile 2010 10

2. Measurement of Unitarity Triangle : Updates

φ1(β)

(0,0)
(0,1)

(ρ, η)

φ3(γ)

φ2(α)

B0 → J/ψ KS(L), ψ(2S) KS, 

         χc1 KS,  , ηc KS

B0 → π+π−
b → ulν 
with several 
approaches
(excl. & incl.)

   

BB mixing (∆md)

B → D(*)lν

B→ D(*)K

B→ D(*)π

B→ ρπ B→ ρρ

V td V tb
* V cd V cb

* V ud V ub
* =1

Today's report

V
cb

V
ub
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1)  Update of φ3 measurement using B+→D(*)K+ Dalitz analysis

u u

u b
u

c

uu

V
cb

V
ub

b c

s

B+ D0

K+

s

D0

K+

* Use 3 body final state accessible to both D0 and D0

                     D0(D0) →  K
S
 π+ π− 

B+:

B-:

m+=m(Ksπ+),   m−=m(Ksπ−) CPV: Asymmetry in Daltz dist.

r

r

A(suppressed)
A(favoured)

r =
Dalitz plot density: |M|2

f(m
+

2, m
-
2) : D0 decay model

If f is known, all of r, δ, and φ
3
 can be determined from the fit

to the Dalitz plot. (proposed by A.Bondar in 2002, GGSZ paper in 2003)
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New analysis with 605fb-1 data sample

Determination of D decay model f

* Use D0→K
s
0π+π− extracted from

   D*±→Dπ±

* Fit with isobar model
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B±→D*K±, D*→Dγ

756 events (29% BG) 149 events (20% BG)

141 events (58% BG)

Event sample with 605fb-1

New!
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B

Fit to Dalitz (605fb-1)

Fit variables : x
±
 = r

B
 cos(δ

B
±φ

3
), y

±
=r

B
 sin(δ

B
±φ

3
)

φ
3
(Dalitz) = 

B±→D*K±
B±→DK±

CPV at 3.5σ! World's most precise φ
3
 measurement!

BELLE-CONF-0918
arXiv:0803.3375
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2) V
cb

 measurement using B+→D*0l+ν

- Previous V
cb

 measurements do not agree so well. 
      <- Some hidden systematics in the measurements is suspected.

- Measurement of V
cb

 using B+→D*0l+ν decay has different

  systematics from that of previous measurements using B0→D*-l+ν.
        * It does not rely on charged slow pion reconstruction
                 D*0→D0π0 vs. D*+→D0π+

     ⇒ Good cross check of the measurement by B0→D*-l+ν

d (B0) or 
u (B+)

V
cb

χ2/dof=39/21 (CL=0.01%)
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Reconstruction (140fb-1)

B+→D*0l+ν
   D*0→D0π0

s

      D0→K-π+

              K-π+π−π+

N
sig

=28106±367 events
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Distribution of 4 kinematic variables (w, cosθ
l
, cosθν, χ) 

B+ (new)B0(ICHEP08)

HFAG ave. of F(1)|V
cb

| by B0→D*lν (FPCP09) :  35.49±0.52 (w/ old Belle value)

arXiv:0910.3534arXiv:0810.1657
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3) V
ub

 measurement using B→X
u
l+ν with “full-recon” tag

Some inconsistency between V
ub

 and sin2φ1 measurements

- Analysis using “full-recon” tag sample:
         “Reconstruct one B meson exclusively and
          analyze semi-leptonic decayof other B”
  * ~180 modes in total
  * High purity, but low efficiency

- Analysis with 605fb-1 data set
       5.27<M

bc
<5.29GeV/c2, |∆E|<0.05GeV

High precision measurement
of V

ub
 is desired.
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Signal side 
  - 1 lepton with p

l
B>1GeV/c 

  - BG supression from b→c by “Boosted Decision Tree method”
    using 17 observables      
          → ∼90% phase space coverage! resulting in 
              a drastic reduction of theoretical uncertainty.

Partial branching fraction ∆B(B→X
u
lν)

∆B = (1.963±0.173±0.159)×10-3

|V
ub

|=(4.37±0.26±0.23)×10-3(BLNP)

         (4.46±0.26±0.16)×10-3(DGE)
         (4.41±0.26+0.12

-0.22
)×10-3(GGOU)

PRL 104, 021801 (2010)

605fb-1
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3. New Results with Υ(5S)

- Belle has been taking data on
  Υ(5S) peak.

- Data sample of ~120 fb-1 is
  already in hand.
    * 2005: 1.86fb-1

    * 2006: 21.7fb-1

    * 2008: ~28fb-1

    * 2009: ~70fb-1

- Rich B
s
 physics

- Final goal:
  ∆Γ

s
/Γ

s
 measurement for CPV search.

    (σ(∆Γ
s
/Γ

s
)~15% with ~500 CP eigenstates)

- Today's results are based 
  on 23.6fb-1 data set.

e+e-→Υ(5S)
           →B(*)B(*) (π)(π)
           →B

s
(*)B

s
(*)

             ......               

Y(5S) peak @ 10860MeV

Belle scan (2005-2007)
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Signature of B
s
 production

MC: B
s
→D

s
-π+ and

        B0→D-π+

e+e- → Υ(5S) 
            → B

(s)
(*)B

(s)
(*)(π)(π)

     where 
         B

(s)
*→Bγ

* B energy and momentum 
  are reconstructed.
* The radiative γ is not 
   reconstructed (too soft).
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1) Observation of B
s
 → J/ψη and evidence of B

s
 → J/ψη'

B
s
 → J/ψη(') decay is a CP eigenstate whose time distribution

can be used to measure the B
s
0 width difference ∆Γ

s
 for CPV search.

Reconstruction
J/ψ → e+e- and µ+µ−

η → γγ and π+π−π0

~15±4 events in B
s
*B

s
* (7.3σ)

First Observation!

Br(B
s
→J/ψ η) = (3.3 ± 0.9(stat) ± 0.3(sys) ± 0.4(f

s
)) x 10-4

a) B
s
→ J/ψη

f
s
: B

s
 meson fraction in Υ(5S) decay = (19.5+3.0

-2.3
)% (Belle+CLEO)

η → γγ η → π+π−π0

Combined

(arXiv:0912.1434)
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Br(B

s
→J/ψ η') = (3.1±1.2(stat)+0.5

-0.6
(sys)±0.38(f

s
)) x 10-4

b)B→J/ψη' 
Reconstruction:

11±5 events in B
s
*B

s
* (3.8σ)

First Evidence!

J/ψ → e+e- and µ+µ−

η' → ηπ+π−(η→γγ and π+π−π0);ρ0γ 

η→γγ η → π+π−π0 η'→ρ0γ

η' → ηπ+π− η'→ρ0γ



 

R.Itoh, La Thuile 2010 25

N
sig

 = 53.4+10.3
-0.4

(stat)+2.4
-2.6

(fit) events

          ⇒ 8.4 σ : first observation

a) B
s
→D

s
*-π+

Br(B
s
→D

s
*-π+) = (2.4+0.5

-0.4
(stat)±0.3(sys)±0.4(f

s
)) x 10-3

2) Observations of B
s
→D

s
*-π+ and B

s
→D

s
(*)-ρ+ : CF decays

preliminary

* Important for the measurement of f
s 
(B

s
 fraction in Y(5S) decay)
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b) B
s
→D

s
-ρ+

Br(B
s
→D

s
-ρ+) = (8.5+1.3

-1.2
(stat)±1.1(sys)±1.3(f

s
)) x 10-3

N
sig

 = 87.1+13.9
-12.4

(stat)+4.0
-4.2

(fit) events

          ⇒ 10.1 σ : first observation

preliminary
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c) B
s
→D

s
*-ρ+

N
sig

 = 73.7+13.5
-12.4

(stat)±3.7(fit) events

          ⇒ 8.6 σ : first observation

Br(B
s
→D

s
*-ρ+) = (13.0+2.3

-2.1
(stat)±1.7(sys)±1.7(pol.)±1.3(f

s
)) x 10-3

preliminary
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3) Study of B
s
0→hh

* May be sensitive to NP (KK) <- London and Matias, PRD 70, 031502

* Possibility of φ3 measurement (KK/ππ) <- Fleischer, PLB 459, 306

* CP eigenstates (KK, ππ)

preliminary
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- Belle has accumulated a data set of 1ab-1 luminosity and 
  various analyses are in progress.

- Update of φ3 measured using Dalitz:
  

        → World's most precise measurement of φ3

- New V
cb

 measurement using B+→D*l+ν:
              
       → Consistent with previous measurement using B0→D*-l+ν
- New V

ub
 measurement using B→X

u
l+ν with full recon tag.

       → 90%  phase space coverage→ drastic reduction of theoretical uncertainty

- New observations and studies in B
s
 decays from Υ(5S):

       J/ψη('), D
s
*-π+, D

s
(*)-ρ+,  and h+h-.

       → aiming at ∆Γ
s
/Γ

s
 measurement  (σ(∆Γ

s
/Γ

s
) ~15% with a full Y(5S) data set) . 

- Many new results will come out with a full data set of 1 ab-1.
       Belle's “Intense Analysis Phase”  before SuperKEKB.

4. Summary

F(1)|V
cb

| = (35.0±0.4±2.2)×10-3
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Backup Slides
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Summary of Belle Datasets 
(now ready for analysis, units fb-1 )

• Upsilon(5S) 120.6 on-resonance
• Upsilon(4S) 710.5 on-resonance/83.3 off

• Upsilon(1S) 5.7 on/1.8 off  (100M 1S)
• Upsilon(2S) 24.1 on/1.7 off (159M 2S)
● Upsilon(3S) 2.95 on/0.248 off

Datasets in red are the world’s largest samples
SVD: 3 layer config used for 140.9 on/15.6 off of 4S 
sample

T.Browder@BPAC10
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Observables

F(1)|V
cb

| and FF parameters ρ2, R
1
(1), R

2
(2)
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F(1)|V
cb

| : Comparison with other measurements
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Phase space vs. lepton energy of b→ulν and clν 
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Constraint on unitarity triangle as of 2009 
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BaBar PRL102, 012001 (2009)

Υ(4S)
Υ(6S)

Υ(5S)

M(Y(5S))=10876±2MeV/c2

Energy scan by BaBar
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What we can do with more Y(5S)

1) Search for new CPV in B
s
→CP-specific modes 

                                                 (J/ψ φ, D
s
*D

s
*, J/φ η' ,K+K-,D0

CP
K0) 

       - SM predicts CP conservation in these modes in contrast to B
d
→J/ψ K0(K*0) 

         since CP-violating CKM elements (V
td
,V

ub
) are not included in the decay amplitude.

       - CPV can be searched for by measuring ∆Γ
s
/Γ

s
 in these decays. 

       - Analysis method: time-dependent analysis

    Expected event yields: ~ 500 events in total with 100/fb 
             → σ(∆Γ

s
/Γ

s
)  ~ 15%

* SVD resolution is not critical in contrast to
  the mixing measurement
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- B
s
 decay into CKM favored modes provides useful information

  for the study of B
s
 property.

- Also useful to measure f
s
 (fraction of B

s
 produced in Υ(5S) decay)

- Our recent publication (PRL 102, 021801 (2010))  already reported
  the results for B

s
→D

s
-π+

           -> World's most precise mearements of Br and m(B
s
*).

- But the statistics was limited to only ~160 events.

- New analyses for D
s
*-π+ and D

s
(*)-ρ+ are made for the improvement.

Motivation for  B
s
→D

s
*-π+ and B

s
→D

s
(*)-ρ+
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B→τν

tan cotb um mβ β+

b

u H+/W+

tanmτ β

τ +

SM NP

Br = Br
SM

 x r
H

* In the framework of Standard Model, the decay is useful
  for the determination of  V

ub
  and f

B

* Also sensitive to New Physics!
     - The existence of charged Higgs can modify SM
        branching fraction
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N
sig

 = 154+36
-35(stat)+20

-22(syst)

Br(B→τν)=(1.65+0.38
-0.37  

+0.35
-0.37) x10-4

Previous Belle result with 449M events 
   Br=1.79+0.56

-0.49(stat)+0.46
-0.51(syst)

- Signal is identified by looking at the energy clusters in the 
   calorimeter (ECL) which are associated with neither signal
   nor tag B meson decay products.
     * No energy deposit is expected in signal events.

Clear excess

@ 3.8σ (4.7σ w/o syst.) significance 

Results with 605fb-1

Semi-leptonic tag only ArXiv:0809.3834
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2
2 2

2
(1 tan )B

H
H

m
r

m
β= −

Belle measurement of Br(B→τν) 435.038.0
37.037.0 10)65.1() −++

−− ×=→τυ(BB

Br(B→τν) = Br
SM

(B→τν) × r
H

B BSM=1.20±0.25×10−4

Constraint on Higgs Mass

B BBelleBaBar=1.73±0.35×10−4

B BCKMfitter=0.79−0.10
0.16

×10−4

2.4σ discrepancy!!
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