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 Discovery of CPV in B decay

 Precise test of KM(CPV) and SM

 Search/Evidence for New Physics

Step1

Step2

Step3

Now

2001 summer !

B decays → QCD/Lattice,  New Resonances
Also, excellent τ/charm factory

main Goals of B-Experiments
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http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=1&lastServiceTime=1089537010262&number=1


KEKB

Asymmetric-Energy e+e– Colliders

8.5 GeV e– (HER)
3.5 GeV e+ (LER)

9.0 GeV e– (HER)
3.1 GeV e+ (LER)

ECMS~m 4Sc
2
=10.58 GeV

PEP-II
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1.21x1034 cm-2s-1

1.65x1034 cm-2s-1(WR!)



Asymmetric-Energy e+e– Colliders
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As of 30th September, 2006

KEKB + PEP-II

KEKB
for Belle

PEP-II
for BaBar

More than 1 ab-1

 ~ 109 BB pairs



Asymmetric-Energy e+e– Colliders
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KEKB + PEP-II

KEKB
for Belle

PEP-II
for BaBar

B-F
ac

to
rie

s, 
in

dee
d!

More than 1 ab-1

 ~ 109 BB pairs

As of 30th September, 2006



Belle & BaBar Collaborations      
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Belle & BaBar Detectors     
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Si Vertex detector

Drift Chamber (small cell) 

CsI(Tl) EM calorimeter

µ/KL detector (RPC+Fe) 

SC solenoid (1.5T)

TOF counter &
Aerogel Cherenkov

DIRC



Detectors' Performance     
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Big “digital cameras” 
that take  ~108 
beautiful pictures/year.

O(1) ps

Good Resolutions
   Momentum  
   Energy (EM)
Good PID
    e, µ, π /K, p, KL

Good Vertexing
     (decay point) 



Reconstructing B-meson 
decays  at Y(4S): 
use two variables, 

beam-constrained mass Mbc

(energy-substituted mass m
ES

)
and

energy difference ∆E

M bc= ECM /2 2 - ∑ p i 
2

E≡∑ E i - Ebeam
CMS

Analysis Tools: B-Meson Selection
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continuum

● The background : ~ 3 x  
“continuum”

e+e-
q q

q=u ,d , s , c

e+e-
 4SB B

B B ● The event topology
Spherical 

vs
Jet-like continuum

     Fisher variable

● B flight direction
        

● B-flavour tagging
            tag-quality 

parameter r 
     (confidence that the 
       other B meson's flavour q 

is correctly tagged)

B B

cosB

signal

signal
continuum

Anal. Tools: Continuum-Background Suppression
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Analysis Tools: Flavour Tagging

  Marko Bračko : Recent results from B-factories                                                                 LHC Days 2006, Split, Croatia                                       14

ｂ
ｄB0

ｓ

u

ｃ
ΛK+

dー

_W+

l+

W-

l -

ν
π +

ー

D*−

π −
slow

High-p (primary), low-p (secondary) leptons
Strangeness (b → c → s)
Fast π, slow π

● 2-stage Multi-dim. Likelihood-based
method (including correlations) 
● Neural Network 

νー

utilise all
available info.

__



Analysis Tools: Vertex Reconstruction
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Silicon Vertex Detector

σσ(z(zCPCP) ~ 75) ~ 75µµm m 

σσ(z(ztagtag) ~ 140) ~ 140µµmm

(     )

z
t

c βγ ϒ

∆
∆ =

IP-constrained fitIP-constrained fit

βγ=0.425 (KEKB)
       0.56  (PEP-II)



V CKM= 1 -2/2  A3 - i
- 1 -2/2 A2

A31 - - i - A2 1 O 
4


The CKM Matrix

● Quark mixing in the Standard Model (SM) is described by 
  the Cabbibo-Kobayashi-Maskawa matrix:

qi

qf

W±

g ∙ V
fi 

d '

s'

b' =
V ud V u s V ub

V c d V c s V c b

V t d V t s V t b

dsb 
● Wolfenstein parametrisation :

Unitary matrix: 3 real parameters & 1 irreducible complex phase (CP violation)
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( λ = sinθc )
  θc: Cabibbo angle



The Unitarity Triangle (UT)

 Unitarity constraints for the CKM matrix :
 6 i≠j constraints 

→ can be shown as triangles 
in the complex plane

V CKM
† V CKM=1 ⇒ ∑

k=1

3

V ik V jk
*
=ij

“The Unitarity Triangle” (1st x 3rd column): V ud V ub
*
V cd V cb

*
V td V tb

*
=0

V udV ub
*

∣V cdV cb
* ∣

V tdV tb
*

∣V cdV cb
* ∣



1 3
Area ≠ 0 → CPV
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 2

 3

1V udV ub
*

V tdV tb
*

V cdV cb
*

1

 Nor
mali

sa
tio

n

 2



The Determination of UT
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φ1

φ2

φ3

Vtd Vtb

Vcd Vcb

Vud Vub*

*

*

B0 → (cc)K(*)0

B0 → D*+D(*)-(K)

-

B → D(*)l ν
b → c l−ν 

B− → DCPK−

B0→ D(*)+π−

B→ π/ρ l ν
b→ u l−ν 

B→ ππ, ρπ, ρρ

fB: B→ lν
B→ ργ(α)

(β)(γ)

 Precise test of KM(CPV) and SM

B experiments can provide all measurements !



Measurement of β/φ
1

  Marko Bračko : Recent results from B-factories                                                                 LHC Days 2006, Split, Croatia                                       19

_

d

b
_ c

c
s
d

_wB0
J/ψ

K0

ξCP  : CP eigenvalue

V*td

V*td
_ _

t

dt

b

b

d _
ww B0B0

_

= − ξcpsin2φ1 sin(∆m∆t) +A cos (∆m∆t) A CP

Mixing induced CPV Direct CPV

A ≅ 0
φ1(β)

φ2(α)

φ3(γ)

Vtd Vtb

Vcd Vcb

Vud Vub*

*

*

First observed CPV in B (2001)

V*cb

SM: sin2β/sin2φ
1
 observable due to interference between direct decays 

(B0 → f
CP

) and mixing decays (B0 → B0 → f
CP

); e.g. the golden mode :



∝V td
*2

Measurement of sin2β/sin2φ
1
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The golden mode 



Measurement of sin2β/sin2φ
1

● Measure time-dependent CP asymmetries :

● mass eigenstates: 

● t = t
rec

– t
tag

 (coherent BB state: B
tag

 tags flavour at t
tag 

; B
rec

 decays to f
CP

 at t
rec

)

● For f
CP

 = (cc)
Vector

 K
S
/K

L
 : 

● A = 0 and S = - η
f
 sin2φ

1

● CP eigenvalue: η
f 
= -1/+1 (K

S
/K

L
)

S f CP
≡
2ℑ f CP



∣ f CP
∣
2
1

, A f CP
≡
∣ f CP

∣
2 -1

∣ f CP
∣
2
1

=-C f CP
,  f CP

=
q
p

Ampl f CP

Ampl f CP

At =
  B0 f CP ; t  - B0 f CP ; t 
 B0 f CP ; t  B0 f CP ; t 

=S f CP
sin md t A f CP

cos md t 

S f CP
=- f CP

sin 21 Direct CP violation term

∣BL ,H 〉=p∣B0 〉±q∣B 0 〉 ;md=mH - mL

∣Ampl f CP∣≠∣Ampl f CP∣
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Time-Dependent Analysis

e+ (LER)e- (HER)

Example for J/ψ K
S

 :

Coherent 
BB state: B

1 
B

2

B
1

B0

B
2

B0

B0

B
tag

Δz ~200/250μm
     (Belle/BaBar)

Procedure:
● Reconstruct B

CP
 meson

●
 
Reconstruct 2 vertices
● Tag B meson flavour

J/ψl+

l-

K
S

B
rec

= B
CP

Fit proper time 
distribution

P signal q , t  ∝e-∣ t∣/ [1-q1-2w S f CP
sin md t A f CP

cos md t   ]

Wrong flavour tag

Flavour tag:
q = +1 (tagged with B0)

  -1 (tagged with B0)
Smearing due to 
finite resolution

×Res. f.

  Marko Bračko : Recent results from B-factories                                                                 LHC Days 2006, Split, Croatia                                       22

S = 0.65
A = 0.00



4370 tagged events
90% purity

227∙106 BB pairs

sin2β/sin2φ
1
 from b→ccs decays:B0→(cc)K

S 
,(cc)K

L

● Tree-dominated decay (+ the same phase in leading penguin correction)
→ Clean extraction of the CKM angle

●  Relatively large BR's & low background due to clean experimental signature
→ Experimentally favourable ...

M bc=  Ebeam
CMS 

2
-  pB

CMS 
2
=mES

mES (GeV/c) 

7482 tagged events
97% purity

CP odd

(applying kinematic constraints at the Y(4S) )

535∙106 BB pairs

  Marko Bračko : Recent results from B-factories                                                                 LHC Days 2006, Split, Croatia                                       23



● ... even for the modes with K
L
's, where kinematic constraints cannot be fully applied:

● K
L
 flight direction (cluster centre) & (cc) 4-momentum are measured

● Requirements: M
inv

(charmonium K
L
) = m

B
 (BaBar) ; E

rec
 = E

beam
 (Belle)

→ K
L
 momentum is calculated  → p

B
CMS (Belle) ; ΔE (BaBar) for selection

535∙106 BB pairs

BABAR

ΔE = E
B

CMS - E
beam

CMS [MeV]

J/ψ KL signal

J/ψ X background

Non-J/ψ background

227∙106 BB pairs

6512 events
59% purity

2788 events
56% purity

sin2β/sin2φ
1
 from b→ccs decays:B0→(cc)K

S 
,(cc)K

L
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535∙106 BB pairs; 
J/ψ K

S 
& J/ψ K

L
 combined :

sin2β/sin2φ
1
 from b→ccs decays: Latest Results

hepex/0608039; hepex/0507037

J / K S J / K L

hepex/0607107; PRL 94, 161803 (2005)

348∙106 BB pairs; 
J/ψ K

S
, ψ(2S) K

S
, χ

c1
K

S
, η

c 
K

S
,

J/ψ K
L
 & J/ψ K*0(K*0→K

S
 π0) 

combined :

CP odd CP even

CP odd

CP even

B0 tag

B0 tag

B0 tag

B0 tag
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535∙106 BB pairs; 
J/ψ K

S 
& J/ψ K

L
 combined :

sin2β/sin2φ
1
 from b→ccs decays: Latest Results

hepex/0608039; hepex/0507037

J / K S J / K L

hepex/0607107; PRL 94, 161803 (2005)

sin 21=0.642±0.031  stat ±0.017  syst 
A= -C =0.018±0.021  stat ±0.014  syst 

sin 2=0.710±0.034 stat ±0.019 syst 
C= - A=0.07±0.028 stat ±0.018 syst 

348∙106 BB pairs; 
J/ψ K

S
, ψ(2S) K

S
, χ

c1
K

S
, η

c 
K

S
,

J/ψ K
L
 & J/ψ K*0(K*0→K

S
 π0) 

combined :

CP odd CP even

CP odd

CP even

B0 tag

B0 tag

B0 tag

B0 tag

Pr
el

im
in

ar
y

pr
ev

io
us

 m
ea

su
re

m
en

t

si
n2

φ 1=
 0

.6
52

 ± 
0.

04
4

(3
88

 M
 B

B 
pa

irs
)
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β=
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.7
22

 ± 
0.
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6

(2
27
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 B

B 
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)



S=sin 21 / sin 2=0.674±0.026
A= -C =−0.012±0.022

S = 

sin2β/sin2φ
1
 from b→ccs decays: ICHEP 2006

● B-factories average :
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S=sin 21 / sin 2=0.674±0.026
A= -C =−0.012±0.022

S = 

sin2β/sin2φ
1
 from b→ccs decays: ICHEP 2006

S=sin 21/ sin 2=0.675±0.026
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0.675±0.026

● B-factories average :

● World average :

● Precision measurement (< 4% error) & Reference point of the SM



= -A 

sin2β/sin2φ
1
 from b→ccs decays: ICHEP 2006
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● There is no direct CPV in the SM ...
but ~2σ difference between the two B factories ...

➔We have to wait for more data again ...



β/φ
1
 Constraints from b→ccs Modes

● World average:

Ambiguity has to be solved
with additional measurements

S=sin 21/ sin 2=0.675±0.026     
β ≡ φ

1
 = (21.2 ± 1.0)° 

or 
β ≡ φ

1 
= (68.8 ± 1.0)°

=1-2/2

=1-2/2
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β/φ
1
 Constraints from b→ccs Modes

● World average:
    

=1-2/2

=1-2/2

hepex/0605023
(PRL submitted)

Ambiguity has to be solved
with additional measurements, e.g. :
● Time-dependent Dalitz analysis for

B0→ D0(*)h0 (b→cud)
(D0(*)→K

S
π+π- ; h=ω,η,π )

sin 21=0.78±0.44±0.22

cos 21=1.87 -0.53
0.40

- 0.32
0.22
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S=sin 21/ sin 2=0.675±0.026
β ≡ φ

1
 = (21.2 ± 1.0)° 

or 
β ≡ φ

1 
= (68.8 ± 1.0)°



β ≡ φ
1
 = (21.2 ± 1.0)° 

or 
β ≡ φ

1 
= (68.8 ± 1.0)°

β/φ
1
 Constraints from b→ccs Modes

● World average:

Ambiguity has to be solved
with additional measurements, e.g. :
● Time-dependent Dalitz analysis for

B0→ D0(*)h0 (b→cud)
(D0(*)→K

S
π+π- ; h=ω,η,π )

● Consistent with cosφ
1
 from 

 
B0→J/ψ K* 

(time-dependent angular analysis)

    

=1-2/2

=1-2/2

PRL95,091601(2005) PRD71,032005(2005)

hepex/0605023
(PRL submitted)

sin 21=0.78±0.44±0.22

cos 21=1.87 -0.53
0.40

- 0.32
0.22
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S=sin 21/ sin 2=0.675±0.026



Measurements of α/φ
2
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φ1(β)

φ2(α)

φ3(γ)

Vtd Vtb

Vcd Vcb

Vud Vub*

*

* mixing

Penguin 

d

b

d

_ 
d
u
u

W

B 0
d π−/ρ-

π+/ρ+
Vud

∗

Vub

Tree 

B 0
d

d

b

d
u
u

W

g π+/ρ+ 

π−/ρ-

Vtd
∗Vtb

t
   d

S ≠ ξ sinφ2 Need Isospin Analysis for P/T contrib.

http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=39&lastServiceTime=1091629566859&number=37
http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1


Summary of α/φ
2 
Measurements
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α/φ2 = [93      ]°+11
− 9

It turned out 
to be more difficult 

than expected 
two years ago... 



Measurements of /φ
3
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φ1(β)

φ2(α)

φ3(γ)

Vtd Vtb

Vcd Vcb

Vud Vub*

*

*

u

b

u

u
c

s
WB+

d

Κ+

D0

Vcs
∗

Vub

u

b

u

s
u

c

W

B+
d

D0

Κ+
Vus

∗

Vcb
_

fCOMfCOM

interference gives δ±φ
3
(B±)

Simple mixing CPV
   → φ3    (with Bd )+

Tree 

λ3 λ3

Tree 

http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=39&lastServiceTime=1091629566859&number=37
http://www.gachon.jp/dl/modules/xoopsgallery/view_photo.php?set_albumName=album12&id=fuyu_0030


Summary of /φ
3
 Measurements
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 γ/φ3 = [71      ]°+22
−30



Measurements of |V
cb

| and |V
ub

|
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b                    c(u)      

Vcb,Vub W-

l-

νl ⇒

                                            exclusive final states
                                            inclusive final states

two 
ways:

b                    c(u)      

Vcb,Vub W-

l-

νl

Semileptonic B decays - reasonably good theoretical understanding

SEVERAL THEORETICAL 
APPROACHES  TO HANDLE 
HADRONIC EFFECTS

∆|Vcb| < 2%

∆|Vub| ~ 7%



Summary of Measurements of UT angles/sides
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α/φ2 = [93       ]°+11
− 9

γ/φ3  = [71       ]°+22
−30

∆|Vub/Vcb| ~ 7%

∆|Vtd /Vts| ~ 4%



Summary of CKM/UT Measurements
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KM-phase =
source for CPV
~ Established !

Precise Test of SM
 (& search for 
             NP effect)
~ in progress
(Need more Data)



Search for New Physics
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Rare B decays 

CPV in B decays a powerful tool to search for NP (New Phase)

In spite of Great Success of SM, there must be 
         New Physics beyond it at High Energy scale

excellent opportunities for NP search

Loop diagram

Decays involving τ (↔ H±)

τ Decays (Lepton-Flavor Violation = NP) : B-factory = τ-factory

Penguins [b→s(d) γ, b→s(d) l+l−] 

Key



sin2βeff/sin2φ
1

eff from b→s Penguin Decays
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φ,η’..

KS

b

d
s
d

c s
s _

B0

Vcs Vcb
*

*

SM scenario : 
S

ccs
 = S

sss
             = sin2β/sin2φ

1

A
ccs

 = A
sss

 = 0

http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1


sin2βeff/sin2φ
1

eff from b→s Penguin Decays
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φ,η’..

KS

b

d
s
d

t s
s _

B0

Vts Vtb
*

*

SM scenario : 
S

ccs
 = S

sss
 + ∆S

SM
 = sin2β/sin2φ

1

A
ccs

 ~ A
sss

 ~ 0

http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1


sin2βeff/sin2φ
1

eff from b→s Penguin Decays

  Marko Bračko : Recent results from B-factories                                                                 LHC Days 2006, Split, Croatia                                       43

b

d
s
d

X s
s

φ,η’..

KS

b

d
s
d

t s
s

φ,η’..

KS

 _
B0 +

-
“b → ccs: sin2φ1” (SM reference)              deviation(?) 

Vts Vtb
*

*

SM scenario : 
S

ccs
 = S

sss
 + ∆S

SM
 = sin2β/sin2φ

1

A
ccs

 ~ A
sss

 ~ 0

Scenario with New Physics :
S

ccs
 ≠ ∆S

SM
 + S

sss

A
ccs

 ≠ A
sss

Theoretical evaluation for ∆S
SM

 are crucial for each sqq mode !
_

http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1


● Almost pure penguin (“golden” mode)
● |∆S

SM
|0.04 (CPV phase beyond SM?)

●  clean to reconstruct; but BR~9x10-6

b→s Penguin Decays: B0→K0

535∙106 BB pairs

S=sin 21
eff
=0.50±0.21±0.05

A=−C =0.07±0.15±0.06

hepex/0607112

S=sin2eff=0.12±0.31±0.10
C=−A=0.18±0.20±0.10

347∙106 BB pairs

hepex/0608039

- - - sin2 1(J/ K0) case 
Simultaneous fit 
for K

s 
&K

L
 sample
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y
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im
in

ar
y

  Marko Bračko : Recent results from B-factories                                                                 LHC Days 2006, Split, Croatia                                       44



“sin2φ1” = +0.64 ± 0.10 ± 0.04

       A  = +0.01 ± 0.07 ±0.05 

535M BB

5.6σ

η’K0

“sin2φ1” = +0.58 ± 0.10 ± 0.03

       A   = +0.16 ± 0.07 ± 0.03 5.5σ

η’Ks η’KL

             _
384M BB

Pr
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im
in

ar
y

b→s Penguin Decays: B0→η' K0                   
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● Another “golden” mode:
● Largest branching ratio among the b→s penguin modes (BR ~ 6x10-5) 

● |∆S
SM

| < 0.04

hepex/0609052hepex/0608039

- - - sin2 1(J/ K  0) case

1st observation of
b → s mode TCPV!
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Summary for b→s Penguins in 2006

Smaller than b→ccs 
in all 9 modes ...

Theory : 
   tends to 
   positive 
   shifts ...

Naïve average of all modes :

sin2βeff = 0.52 ± 0.05
       2.6 σ deviation 

 Need more data for conclusive assumptions!

Pr
el

im
in

ar
y

Use with caution!
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Decays with “Missing Energy” (≥ 2 neutrinos)

B decay constant ↔ Lattice QCD

SM :

BSM : sensitive to New Physics from H±  

B± → τ± ν 
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B →  : Experimental Challenge

Y(4S)B- B+

ν

+

ν

N= 680k
eff.= 0.29% 
purity = 57%

Charged B

(*)0 (*)
1/ / / SB D a Dp r+ + + + +® +

0 0 0/D Dp g sD g+

Tag-side: Full reconstruction

449M  BB

Always ≥ 2 neutrinos appear 

     in B   τν  decay

Majority : 1 track + invisible
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B →  : Candidate Example

Signature:
 Remove Tag-side

 1 track + nothing

No extra tracks
EECL ~ 0
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B →  : Signal Extraction

Signal +
background

Background

B τν
Signal

EECL : extra neutral energy

5 τ decay modes

Observe 17.2      events 
     significance = 3.5σ

+4.3    
- 5.7

hep-ex/0604018
submitted to PRL 449M   BB

1st Evidence of  B decay
  with ≥ 2 ν !! 

  Big step for the future
       of hunting for NP   

B (B+→ τ+ν) = 
         (1.79 ±         ±         ) x10−40.39

0.46
0.56
0.49
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B →  : Average results

BF(B+→τ+ντ)

       = (0.88         ±0.11) x10-4

BR< 1.80 10-4  @ 90%CL

+0.68
-0.67

Combined

(1.36 ± 0.48)x10-4

Semi-leptonic tag only

             _
334M BB

fB = 0.216±0.022 GeV (HPQCD) 
                PRL 95, 212001 (2005)  

 |Vub| = (4.39±0.33)×10-3 (HFAG)

fB = 0.200±0.038 GeV

[hep-ex/0608019]
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Constraints on H± Mass

rH=1.13±0.51

Use known fB  and |Vub | 

Ratio to the SM BF.

2
2

2
(1 tan )B

H
H

m
r

m
b= -

excluded

ex
cl

ud
ed

44
9M
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B → K(*) : Motivation

b s with 2 neutrinos

SM: BR(B K* νν) ~1.3 x 10-5  
       BR(B K νν)  ~4 x 10-6 
  (Buchalla, Hiller, Isidori)

PRD 63, 014015

DAMA 
NaI 3σ 
Region

CDMS 04

CDMS 05

No sensitivity in Direct search

• New Physics in Loop
• Light Dark Mater (M~1GeV)

_
_
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B → K(*) : Results

535M  BB

Similar exp. technique as B → τ+ν
Full-rec. tag & K + nothing

3.1
2.64.7Yield +

-=
(1.7σ stat. significance)

Sideband = 19
MC expectation = 18.7±3.3

460K tags

Hope to see Signal in the (near?) Future ...

[hep-ex/0608047]

cf: BaBar 
     B (B+K+νν )  < 5.2 x 10-5

             _
 85M  BB

_

[PRL 94,101801(05)]
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b → d Penguins : b → d 

Signals 
Established !

386M BB

37.2 signals

B+→ρ+γ

B0→ρ0γ

             _
347M BB

MES(GeV/c2)

LP05 5.5σ

Vtd/Vts

New Physics !

[hep-ex/0607099]

[PRL96,221601(06)]
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b → d Penguins : B → KK

MES(GeV/c2)

37
+9.6
−8.3

23
+6.5
−5.4

5.3σ

6.0σ

d,u

b

d,u
s
s

W

g  Κ0 
Κ0/+

Vts/d
∗Vtb

t
 d Observation !Evidence

449M BB

             _
350M BB

[hep-ex/0608036] [hep-ex/0608049]

2004/5

5.3σ

7.3σ



● CPV in B decays: KM phase ═ source of CPV (~Established)
 
● CKM/SM tests: 

Precision measurements of sin2β/sin2φ
1
 via b → ccs decays :

Other CKM parameters' precision: φ
2
 , φ

3
 ~ 10o – 30o ; |V

ub
| ~ 7%

● NP Searches:
☞Measurements of sin2βeff/sin2φ

1
eff via several b → sqq modes

     (B → ΦK0, K+ K– KS, η΄K0, K
S
K

S
K

S
, K

s
π , f

0
(980) K

S
 , ω K

S 
etc.)

 Strong hints of ∆sin2β < 0 (between b → ccs and b → sqq)

Summary and Conclusions

S=sin 21/ sin 2=0.675±0.026
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Excellent performance of  B factories
                   Belle + BaBar :  > 1000 fb-1 data !

Precision: < 4%(1o)



First evidence of B decay with ≥ 2 neutrinos
b→d/s;EW;radiative penguins ...

● I did not have time to mention exciting results in hadron spectroscopy ...
 ... charm baryons ...

... strange charm mesons ...
... discoveries of unknown new resonances (X, Y, Z) 

and measurement of their properties ...

● D0-D0 mixing: New upper limits

... Would definitely require another talk ...

        Many new results still to come with more data!

Summary and Conclusions
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Supplementary Material
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Future Plans: SuperKEKB
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Calendar year

Belle is here.
   0.63ab-1

Crab cavity installation

2 yr shutdown for 
upgrade

Lpeak~1.6×1034 1.6 - 3×1034

SuperKEKB 
 4 - 8×1035

5B BB and τ+τ− 
every year

Super KEKB  Proposed Schedule

[ ILC inspired Super B-factory (INFN/SLAC) Lpeak~1036]



SuperKEKB Schematics
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8 GeV e+ beam 
4.1 A

3.5 GeV e− beam 
9.4 A

L  
I ξy

βy*

(Super Quad)

Super Belle

4.5 x 5
 0.45 ~50

~8 x 1035 cm-2s-1 



SuperKEKB: Physics Reach
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SuperKEKB

5ab-1 50ab-1 LHCb2fb-1

Physics at Super B Factory (hep-ex/0406071)


