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The B-Factories

3.5 GeV e3.5 GeV e++ on 8 GeV e on 8 GeV e--

WW
CM CM 

= M( = M( ΥΥ(4s) )(4s) )

3km circumference3km circumference
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L
peak
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PEP II: Stanford, USAPEP II: Stanford, USA
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CMS boost <CMS boost <βγβγ>=0.56>=0.56

Tsukuba, Japan

LL
peakpeak

=1.21 x 10=1.21 x 103434 /cm /cm22/s/s22
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EFC
(online Lum.)

µ / KL detection
14/15 lyr. 
RPC+Fe

Central Drift 
Chamber
 small cell +He/C2H6

CsI(Tl) 
   16X0

 Aerogel 
Cherenkov cnt.
              n=1.015~1.030

Si vtx. det.
   3/4 lyr. DSSD

TOF conter

SC 
solenoid
   1.5T

8 GeV e

3.5 GeV e

BELLE Detector

Similar designSimilar design
Cross-checking on Cross-checking on 
each othereach other

AcceleratorsAccelerators and  and 
detectorsdetectors suppressed  suppressed 
performance goals at performance goals at 
both labsboth labs

The B-Factories
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Integrated Luminosity

PEP-II
for BaBar

As of June, 2008
KEKB + PEP-II

KEKB
for Belle

desi
gn lu

minosity

~ 845/fb (Jun. 18)

~ 557/fb (Apr. 7 off)

With more than ~1400/fb data

~ 1.5 Billion        pairs !~ 1.5 Billion        pairs !BB
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Tevatron

Main Injector
 & Recycler

Tevatron

p source

Booster CDF DØ
Delivered 3.46 fb-1

Recorded 2.96 fb-1

April 2002 – January 2008

tracker
Also contributing valuable results in Also contributing valuable results in BB decays decays
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What we learned from B Factories

Most of the results are consistent with SMMost of the results are consistent with SM
Needs Needs preciseprecise measurements for verification measurements for verification
Good Good large statisticslarge statistics & good  & good analysis toolsanalysis tools needed needed

Many unanticipated particles discovered Many unanticipated particles discovered 
The The X, Y,X, Y, and  and ZZ's  's  →→ See  See J. Brodzicka'sJ. Brodzicka's talk talk

Some small room for Some small room for New PhysicsNew Physics
Deviations from Deviations from SMSM in  in phasesphases and  and magnitudesmagnitudes
Several possible contributions from Several possible contributions from variousvarious  
theoretical modelstheoretical models

  →→  Needs Needs experimental validationexperimental validation

Sorry, but won't cover all interesting topicsSorry, but won't cover all interesting topics
Also won't go over most detailsAlso won't go over most details



Direct CP Violation in
 Bhh
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DCPV in B→hh

Decay amplitudes can be described as:Decay amplitudes can be described as:

CP violating asymmetry is then defined asCP violating asymmetry is then defined as

A non-zero AA non-zero A
CPCP

 needs the following conditions: needs the following conditions:

More than 2 amplitudesMore than 2 amplitudes
Non-zero Non-zero strongstrong phase diff.:  phase diff.: 
Non-zero Non-zero weakweak phase diff.:  phase diff.: 

¢± = ±i ¡ ±j 6= 0

¢Á = Ái ¡ Áj 6= 0

A(B ! f) =
X

i

Aiei(±i+Ái)

ACP (B ! f) =
j ¹Aj2 ¡ jAj2
j ¹Aj2 + jAj2 /

X

i;j

AiAj sin(±i ¡ ±j) sin(Ái ¡ Áj)

¹A(B ! f) =
X

i0

¹Aiei(±i0+Ái0 )
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DCPV in B→hh

DCPV in B DCPV in B →→ K Kππ giving rise from the  giving rise from the 
interferenceinterference between  between TreeTree and  and Penguin:Penguin:

NavNavïïelyely expect  expect similarsimilar A A
CPCP

 for                        & for                        &B0 ! K+¼¡

B§ ! K§¼0

Major 
contributions

T
P
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DCPV in B→hh

DCPV in B DCPV in B →→ K Kππ giving rise from the  giving rise from the 
interferenceinterference between  between TreeTree and  and Penguin:Penguin:

NavNavïïelyely expect  expect similarsimilar A A
CPCP

 for                        & for                        &B0 ! K+¼¡

B§ ! K§¼0

Major 
contributions

T
P
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K-π+ K+π- K-π0 K+π0

The Kπ “Puzzle”

AA
CPCP

 results from the B factories: results from the B factories:

HFAG w.a.:HFAG w.a.:

Signal
ππ reflection
continuum

charmless B

A
cp

=-0.086±0.023±0.009

A
cp

=-0.107±0.018±0.006

A
cp

=-0.094±0.018±0.008

A
cp

=+0.03±0.04±0.01

A
cp

=+0.07±0.03±0.001

A
cp

=-0.086±0.023±0.009 A
cp

=+0.03±0.04±0.01≠

Deviation ≈ 5.2σ !



13

The Kπ “Puzzle”

Two more amplitudes for KTwo more amplitudes for K++ππ00

Color 
suppressed Tree

Electro Weak 
Penguin

T
P

C
P

EW
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The Kπ “Puzzle”

Two more amplitudes for KTwo more amplitudes for K++ππ00

Expecting small in SM

Color 
suppressed Tree

Electro Weak 
Penguin

T
P

C
P

EW
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The Kπ “Puzzle”

Two more amplitudes for KTwo more amplitudes for K++ππ00

• Enhancement of C ?

     C＞ T is needed?

• Enhancement of P   EW ?

     Would indicate NP. 4th generation?

• Due to poor understanding of strong int.?

     Final State Interactions? NLO in pQCD?

•　C.-W.Chaing, et al., PRD 70, 034020

•　Y.-Y.Charng, et al., PRD 71, 014036

•   C. Chua, et al.,        PRA 18, 1763

•　W.-S.Hou, et al.,     PRL 95, 141601

•　S.Baek, et al.,         PRD 71, 057502

•　S.Baek, et al.,         PLB 653, 249

•　H.-n.Li,et al.,           PRD 72, 114005

•  etc…

ACP~ 0 if C and PEW  are neglected

Expecting small in SM

Color 
suppressed Tree

Electro Weak 
Penguin

T
P

C
P

EW



16

Benchmark BR & DCPV B→ππ/Κπ

See C. Bauer -SCET

See S. Mishima-PQCD

TH & EXP agree in some areas, but not all-

  & TH errors still too large
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Is the ΔAIs the ΔACP CP “puzzle” settled?“puzzle” settled?

Experimental Experimental validationsvalidations on theoretical  on theoretical 
predictionspredictions needed needed

Sum rule relation proposedSum rule relation proposed  ((M. Gronau, PLB 672, 82-88M. Gronau, PLB 672, 82-88))

A more precise relation derived from A more precise relation derived from HH
effeff

 

Violation of the sum rule would be an unambiguous evidence of NPViolation of the sum rule would be an unambiguous evidence of NP

Discussion on the “Puzzle”

ACP K
−ACP K

0 
BK 0





B K 


−


0



=ACP K


0


2 B K


0


BK −

0



ACP K
0


0


2 B K 0


0


BK− 

The sum rule predicts  A  CP(  ) = –0.15±0.06

 –15% DCPV in  ???

 ACP() is still too large to claim a discrepancy.

 Have to examine this with larger statistics
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 ACP()=+0.05±0.14±0.05
“sin21” = +0.33±0.35±0.08 

 ACP()=+0.24±0.15±0.03
“sin21” = +0.40±0.23±0.03 

ACP(Β0Κ0π0)
PRD 76, 091103(2007)

• ACP() and S() with time-dependent CP analysis
• b flavor tagging efficiency =~30%
•  vertex from S trajectory and IP : efficiency =~ 30%

fit result
SM prediction
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 ACP()=+0.05±0.14±0.05
“sin21” = +0.33±0.35±0.08 

 ACP()=+0.24±0.15±0.03
“sin21” = +0.40±0.23±0.03 

ACP(Β0Κ0π0)
PRD 76, 091103(2007)

• ACP() and S() with time-dependent CP analysis
• b flavor tagging efficiency =~30%
•  vertex from S trajectory and IP : efficiency =~ 30%

fit result
SM prediction

• ACP() = –0.14±0.11

• “sin21” = +0.38±0.19 
    consistent with HFAG Ave: sin21 = +0.668±0.026

HFAG W.A.HFAG W.A.
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A Recent Publication

ACP = ACP() – ACP() = +0.164±0.037 @ 4.4

Published in Nature

What is happening with ACP(Κ+π−) and ACP(Κ+π0) ?
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A Recent Publication
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A Recent Publication

ACP = ACP() – ACP() = +0.164±0.037 @ 4.4

Published in Nature

What is happening with ACP(Κ+π−) and ACP(Κ+π0) ?



Radiative and Electroweak 
Penguins
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bsγ Decays

Most powerful mode to constrain new physics!Most powerful mode to constrain new physics!
Example discussed: modifications to the rateExample discussed: modifications to the rate

Measure primary  only:
monochromatic E spectrum

Important to measure low E 
  to reduce model dependence  

Huge Background (semi-log)
             experimental challenge

Background suppression
• continuum: event shape
•  veto
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Inclusive measurements

Two methods so far:Two methods so far:
                fully inclusivefully inclusive and  and sum of exclusivessum of exclusives

Photon energy cut around 1.8-2.0 GeVPhoton energy cut around 1.8-2.0 GeV
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New Updates from Belle

Inclusive approachInclusive approach

Reconstruct Reconstruct onlyonly the photon the photon

B.G. suppress with B.G. suppress with lepton taglepton tag

Yield above endpoint from B decay is Yield above endpoint from B decay is 
consistent with zeroconsistent with zero

Background properly subtractedBackground properly subtracted

PeaksPeaks at half the mass of b-quark at half the mass of b-quark

Significant signal at Significant signal at 1.7<E1.7<Eγγ<2.8 GeV<2.8 GeV

B.F.B.F.((BB  !!  XXss  °°) =) =  

(3.31(3.31§§0.190.19§§0.370.37§§0.01) x 100.01) x 10{4{4  

EEγ cut extended to 1.7 GeVγ cut extended to 1.7 GeV

The current The current most precisemost precise  
measurementmeasurement
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bXsγ Summary

The NNLO calculations agreement has been degradedThe NNLO calculations agreement has been degraded

Tension between  average and NNLO calculations?Tension between  average and NNLO calculations?

Note: NNLO calculations are not finalNote: NNLO calculations are not final

Andersen-Gardi error is quite largeAndersen-Gardi error is quite large
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Charged Higgs bound
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DCPV for BXsγ

New result from BabarNew result from Babar
Fully reconstruct Fully reconstruct 16 exclusive modes16 exclusive modes

Main background: Main background: ππ00 and  and ηη from continuum, ISR from continuum, ISR
VetosVetos the daughter photons from good  the daughter photons from good ππ00 and  and ηη

Extract yields from MExtract yields from M
ESES

 fit to signal region fit to signal region

Background modeled with Background modeled with MCMC

Sidebands and Sidebands and BBXsXsππ00  control samplecontrol sample for: for:
Detector bias studyDetector bias study

BB Background shapeBB Background shape

Continuum shapeContinuum shape

ACP = ¡0:012§ 0:030(stat)§ 0:019(syst)



Time-dependent CPV in
 bs Channels
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CP Asym. from mixing
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Time-dept. CP Asym.

Belle BaBar
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Time-dept. CP Asym.

Belle BaBar

Vts: no KM phase

SM: sin2φ1 = sin2φ1 from BJ/ψ K0
 (bc c s)

unless there are other, non-SM particles in the loop

eff _

Penguin
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How New Physics may enter bs 



0
SK

0B

b
s

s

s
d d

0
SK

0B

b
s

s

s
d d

η'

Many new phases are 
possible in SUSY

New physics in loops?

O(1) effect allowed
even if SUSY scale is 
above 2TeV.
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Extra Dimensions

(by Randall + Sundrum)

New Kaluza-Klein  (K.K) particles are 
associated with the extra dimension. 

            (“Tower of states”)

Some may induce new phases 
and flavor-changing neutral 
currents. e.g. K.Agashe, G. Perez, A. Soni, PRD 71, 016002 (2005)

Model: K.K. Gluon near 3 TeV

RS1
SM

++CPV in D 
decay

Const. εK ?

m
4D

m

2m

3m

4m

5m
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Time-dept. CP Asym.

t: proper time
m: mass difference

A t =
 B0

 t  f CP− B0
 t  f CP

  B0
 t  f CP B0

 t  f CP

=
2 ℑ

1∣∣2
sinm⋅ t 

1−∣∣2

1∣∣2
cos m⋅ t 

=
q
p

A B0
 f 

AB0 f  SS A A (=(=C C ))
Belle BaBar

Mixing-induced CPV
Direct CPV

Time-dept. CP Asym.
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γ(4S)
Resonance

Analysis Procedure

Electron
(8 GeV)

Positron
(3.5 GeV)

ProcedureProcedure
● CP-side reconstructionCP-side reconstruction
● Flavor tagging & vertexingFlavor tagging & vertexing
●   

Proper time measurementProper time measurement
 z= t c

+

0
D

-
K+

-

B0
●Tagging-Side

K0

B0 J/ψ
●CP-Side

 z= t  c~200m
 c=0.43

●Proper time
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Vertex Reconstruction with KS

Extrapolate KExtrapolate KS S track to the track to the 
Interaction Point (IP)Interaction Point (IP)

Vertex recon. eff. ~33%Vertex recon. eff. ~33%
Events w/o the vertex can Events w/o the vertex can 
still be used to measure still be used to measure AA

good tag

  Ks track

 IP profile
BCP vertex

J/KS with the KS Vertexing

R
aw

 a
sy

m
m

et
ry The validity confirmed with 

the J/KS control sample.

B0 Lifetime t:1.503+/-0.036 ps

sin21=+0.68+/-0.06
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The Golden Mode

BB00 J/ J/ψψ K K00    

sin2φ1= 0.642 ±0.031 (stat) ±0.017 (syst)
      A =  0.018 ±0.021 (stat) ±0.014 (syst)

previous measurement
sin2= 0.652  0.044

(388 M BB pairs)

 

B0 tag
_B

0 tag

535 M BB pairs
_ _

hep-ex/0608039, PRL
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sin2φ1 : BaBar + Belle

A precise measurement of the phase 
of B d mixing  (< 4 % error) 

 Reference Point for NP search
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sin2φ1 : BaBar + Belle

“Yesterday’s sensation is today’s calibration and 
tommorow’s background.”- Val Telegdi
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Belle: tCPV in B0  φK0

“sin21” = 0.50  0.21(stat)  0.06(syst) 

 KS and KL combined
 background subtracted
 good tags
 t  –t for KL

t distributions and asymmetry

             _
535M BB

• Consistent with the SM (~1 lower)
• Consistent with Belle 2005 
(Belle2005: “sin21” = +0.44

unbinned fit
SM

hep-ex/0608039, 
PRL 98, 031802(2007)

a.k.a sin(2β)
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BaBar: φK0 using B0  Κ+Κ−K0

K0: sin2eff = +0.12 ± 0.31(stat) ± 0.10 (syst)

 measurement (not sin2)

[hep-ex/0607112]
             _
347M BB

a.k.a. sin(2 φ1)
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φ
1
(β) from b → s Penguins

Smaller than bSmaller than bccs in        ccs in        
7 of the 9 modes7 of the 9 modes
Theorists tend to predict  Theorists tend to predict  
positive shiftspositive shifts on sin2 on sin2effeff    

                                          (phase in V(phase in V
tsts
))

QCD factorization 
calculation of ∆S

Naïve average of all b  s modes

sin2eff = +0.56 ± 0.05
2.2  deviation between
Penguin and Tree   (CL=3%)
  (b  s)       (b  c) More statistics are crucial

in each studied mode



45

Extrapolation: B  φK0 at 50/ab

J/ψK0

φK0

Compelling measurement in a clean mode

MC

This would establish 
the existence of         
a NP phaseNP phase

With present WA values



Decays with
Large Missing Energy
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Motivation for  B+→τ+ν

 

Sensitivity to new 
physics from 
charged Higgs if the 
B decay constant is 
known

The B meson decay constant, determined by 
the B wavefunction at the origin
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Why measuring Βτν non-trivial

(4S)B- B+

t

e+

t

e

B+→τ+ντ,  τ+→e+νeντ

B-→X

The experimental signature is rather difficult: B 
decays to a single charged track + nothing 

Most of the 
sensitivity is 
from tau 
modes with 1-
prong
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Example of a Bτ ν candidate

Tag: BD0 , 

D0 K

Very difficult or impossible at 
a hadron collider
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Results from Babar and Belle

Hadronic taggedHadronic tagged Btag ! D(¤)[¼; ½; a1; D
(¤)
s ]

B(B ! ¿º) = (1:2§ 0:4§ 0:4)£ 10¡4
B(B ! ¿º) = (1:8§ 0:6§ 0:5)£ 10¡4

fB ¢ jVubj = (10:1§ 2:4§ 1:4)£ 10¡4GeV

fB ¢ jVubj = (10:1§ 1:5§ 1:2)£ 10¡4GeV

fB = 216§ 0:22MeV
HPQCD, PRL 95, 212001 (2005)

fB = 229+36¡31
+30
¡34MeV

(PRL 97, 251802 (2006))
(PRD77, 011107 (2008))
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Constraints on Charged Higgs mass

rH=1.130.51

Use known fB  and |Vub | 

Ratio to the SM BF.
2

2 2
2

(1 tan )B
H

H

m
r

m
= 

excluded

ex
cl

ud
ed

44
9M

Compare to direct searches for H+ At 50 ab-1 



New results from Tevatron
 BS mixing
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Time-dept. CP Asym. in Bs
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Time-dept. CP Asym. in Bs

B0sB
0
sMixing

q

p
/ V ¤tbVts
VtbV ¤ts

Tree Diagram

A / V ¤cbVcs

ÁSM1s (¯SMs ) = arg(¡VtsV ¤tb=VcsV ¤cb) » 0:02

CP phase CP phase ÁÁ11ssSMSM   in SM is expected to be  in SM is expected to be very smallvery small

New Physics effect as:   New Physics effect as:   2 Á1s = 2 Á1sSM { ÁsNP 

If NP phase If NP phase ÁsNP dominates  dominates →→    2 Á1s =  { ÁsNP
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Bs → J/Ã Á  Decay Analysis

Φs ≈ 0

Φs ≈ 0

Extremely physics-rich channelExtremely physics-rich channel
Measuring lifetime, decay widthMeasuring lifetime, decay width

        with known with known ΔΔm, CP phase m, CP phase 
Decay of Decay of BBss  (spin 0) to (spin 0) to JJ//ÃÃ ,  , ÁÁ  

(spin1) leads to three angular momentum states:(spin1) leads to three angular momentum states:
L=0 (s-wave), 2 (d-wave) L=0 (s-wave), 2 (d-wave) →→ CP even  ~ CP even  ~
L=1 (p-wave)                    L=1 (p-wave)                    → CP odd    ~→ CP odd    ~

Three decay angles Three decay angles   ½½  ==  ((µµ,,  ÁÁ,,  ÃÃ))  describe directions of     describe directions of     
                                                      final decay products                                                      final decay products
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Bs  → J/ΨΦ decay rate

Decay rate as a function of time:Decay rate as a function of time:

terms with s dependence

terms with ms dependence

due to initial state flavor tagging 

The 'strong' phases:The 'strong' phases:

angular dependence terms

 Tagging → better sensitivity to s

time dependence terms
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¯s in Bs → J/Ã Á  Decay

  2s

  2s

                               arXiv:0712.2348                                                                                                         arXiv:0802.2255

  2s

1D Feldman-Cousins procedure w/o                       1D Feldman-Cousins procedure w/o                       
external constraints:external constraints:

With theoretical inputWith theoretical input  ΔΓΔΓ = 0.096+/- 0.039 = 0.096+/- 0.039

With external constrains on strong phase,                         With external constrains on strong phase,                         
lifetime and lifetime and ΔΓΔΓ

Both results from CDF and DBoth results from CDF and DØØ shows hints to NP shows hints to NP

2βs in [0.32, 2.82] at the 68% C.L.

2s in [0.24, 1.36] U [1.78, 2.90] at 68% C.L.

2βs in [0.40, 1.20] at 68% C.L.

w/o flavor w/o flavor 
taggingtagging
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¯s in Bs → J/Ã Á  Decay

  2s

  2s

                               arXiv:0712.2397                                                                                                         arXiv:0802.2255

  2s

1D Feldman-Cousins procedure w/o                       1D Feldman-Cousins procedure w/o                       
external constraints:external constraints:

With theoretical inputWith theoretical input  ΔΓΔΓ = 0.096+/- 0.039 = 0.096+/- 0.039

With external constrains on strong phase,                         With external constrains on strong phase,                         
lifetime and lifetime and ΔΓΔΓ

Both results from CDF and DBoth results from CDF and DØØ shows hints to NP shows hints to NP

2βs in [0.32, 2.82] at the 68% C.L.

2s in [0.24, 1.36] U [1.78, 2.90] at 68% C.L.

2βs in [0.40, 1.20] at 68% C.L.

with flavor with flavor 
taggingtagging



Summary
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Summary and Future Prospects

The success of The success of BB-factories-factories
Many Many fruitfulfruitful physical results physical results
UnexpectedUnexpected challenges to the SM challenges to the SM

Hints to NPHints to NP
BB  →→  hhhh   BRs and A BRs and A

CPCP
  

Gluonic and radiative Gluonic and radiative penguinspenguins
sin 2 sin 2 ÁÁ11ss (sin 2  (sin 2 ¯̄ss))  

... many others not covered... many others not covered

More More statisticsstatistics needed for further clarification needed for further clarification
Super B-FactorySuper B-Factory proposed proposed
Look forward to Look forward to up-comingup-coming results in the  results in the LHCLHC era era


