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It seems all the important results from B It seems all the important results from B 
factories have already been shown andfactories have already been shown andfactories have already been shown and factories have already been shown and 

discussed at this workshop in the last two discussed at this workshop in the last two 
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OutlineOutline

•• IntroductionIntroduction
CPV d CKMCPV d CKM•• CPV and CKMCPV and CKM

•• New physics searchesNew physics searches•• New physics searchesNew physics searches
•• Future prospectsFuture prospectsFuture prospectsFuture prospects

All introductory slides are put in the backup part.
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Integrated luminosityIntegrated luminosity

KEKB + PEP-IIKEKB + PEP-II

~ 1 Billion BB pairs
/fb ( )/fb ( )

KEKB
~710/fb (Jan 07)~710/fb (Jan 07)Triumph in 

accelerator science !
for Belle

~400/fb~400/fb

PEP-II

~400/fb~400/fb

for BaBar

4



Achievements at B factories Achievements at B factories 
Evidence for 
D0 mixing
Evidence for 
D0 mixing

Exciting results
Observation of direct CP 
violation in B π+π−
Observation of direct CP 
violation in B π+π−

Exciting results
every year !

Observation of  b dγObservation of  b dγ

Evidence for B τνEvidence for B τν

Evidence for direct CPV in B K+π−Evidence for direct CPV in B K+π−

Discovery of X(3872)Discovery of X(3872)

Observation of B K(*)llObservation of B K(*)ll

Hint at new physics: CPV in B φKsHint at new physics: CPV in B φKs

y ( )y ( )

Observation of CPV in B meson systemObservation of CPV in B meson system

Observation of B K llObservation of B K ll
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CPV and CKMCPV and CKMCPV and CKMCPV and CKMCPV and CKMCPV and CKM



Discovery of CPV in the B meson Discovery of CPV in the B meson 
system (2001) by BaBar and Bellesystem (2001) by BaBar and Bellesin2β history (1998 2005) y ( ) yy ( ) ysin2β history (1998-2005)
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Mar. 2007Mar. 2007

sin2φ1 = 0.678±0.025 (4% accuracy)sin2φ1 = 0.678±0.025 (4% accuracy) World avg.
(i.e. with OPAL,

(φ 21 3 ± 1 0 d ) ALEPH,CDF)(φ1 = 21.3 ± 1.0 deg.)

Average withAverage with
B factories only

PRL 98, 031802 (2007) hep-ex/0703021

BB00 J/J/ψψΚΚ00
BB00 J/J/ ΚΚ00 BB J/J/ψψΚΚ ,,

ψψ(2S)(2S)KKSS, , 
ηηccKKSS, , 
χχc1c1KKSS, , 

BB00 J/J/ψψΚΚ00
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J/J/ψψΚΚ∗0∗0



Direct CPV in BDirect CPV in B00 J/J/ψψ KK00

C = 0.049 ± 0.022 ± 0.017  

C(J/ψK0)
with all charmonium modes 
combined 
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Systematic uncertaintiesSystematic uncertainties

i 2β
Sin2Sin2φφ11 AA

VertexingVertexing 0.0120.012 0.0090.009

sin2β
C

Flavor taggingFlavor tagging 0.0040.004 0.0030.003
ΔΔt Resolutiont Resolution 0.0060.006 0.0010.001
Physics parametersPhysics parameters 0 0010 001 0 0010 001Physics parameters.Physics parameters. 0.0010.001 0.0010.001
Possible fit biasPossible fit bias 0.0070.007 0.0040.004
BG fractions (J/BG fractions (J/ψψKKSS)) 0.0030.003 0.0010.001
BG fractions (J/BG fractions (J/ψψKKLL)) 0.0050.005 0.0020.002
BG BG ΔΔtt 0.0010.001 0.0010.001
TagTag--Side interferenceSide interference 0.0010.001 0.0090.009

totaltotal 0.0170.017 0.0140.014
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Uncertainties from vertex reconstruction ~ 0.01
OK for present B factories, key for more precise measurements at Super B



b b s tCPV: One of the best new physics probess tCPV: One of the best new physics probes

SUSY as an exampleSUSY as an exampleMethod: Compare SUSY as an exampleSUSY as an exampleMethod: Compare 
S(φK0) with S(J/ψK0)
SM prediction:SM prediction:
ΔS ≡ S(φK0)−S(J/ψK0) ≅ 0

NewNew
CP-violating
phase can enter

O(1) effect allowed
e en if SUSY scale

11

even if SUSY scale
is above 2TeV.



Mar. 2007: Mar. 2007: φφ11 with with bb ss PenguinsPenguins
Smaller than b ccs 
in all of 9 modesin all of 9 modes

Theory tends toTheory tends to 
predict positive shifts
(originating from 

h i Vt )phase in Vts)

Naïve average of all b s modes
sin2βeff = 0.53 ± 0.05
2 6 d i ti b t2.6 σ deviation between
penguin and tree
(b s) (b c)
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(b s)     (b c) 
More statistics crucial for mode-by-mode studies



BB±± φφφφKK±± : ultra: ultra--clean modeclean mode
M H i PLB583 285 (2004)M. Hazumi, PLB583, 285 (2004)

•• Interference between B Interference between B ηηcc(( φφφφ)K and 3)K and 3--body b body b s processs processcc

•• CPCP violation in the SM ~0,  can be ~0.4 if new physics enters b violation in the SM ~0,  can be ~0.4 if new physics enters b ss
•• UltraUltra--clean mode to reconstruct, almost no backgroundclean mode to reconstruct, almost no backgroundgg

Belle observation (hep-ex/0609016)
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CP asymmetry in ηc region:



b b ccdccd
another place
to study φ1y φ1

B0 D+D−B0 D+D−hep-ex/0702031hep ex/0702031

not confirmednot confirmed
by BaBarEvidence for 

large CPV
from Bellefrom Belle

14Need more data



φφ22 ((αα ): ): BB00 ππ ++ππ −−
22

hep-ex/0608035 hep-ex/0703016

of
 E

v.

200

300
ep e /0608035
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Δt (ps)

A
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B ll 535MBB Δt (ps)
A

sy
BaBar 383MBBΔt (ps)

Aππ = +0.55 ± 0.08 ± 0.05
0 61 0 10 0 04

Belle 535MBB Δt (ps)BaBar 383MBB
Cππ (−Aππ) = −0.21 ± 0.09 ± 0.02

S 0 60 ± 0 11 ± 0 03
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Sππ = −0.61 ± 0.10 ± 0.04 Sππ = −0.60 ± 0.11 ± 0.03  

Direct CPV @ 5.5σ CPV @ 5.5σ



φφ22 ((αα ): ): BB00 ππ ππ
Constraint on φ2

CCππ

Consistency: 2.Xσ2.1σ

φ (deg )* 1 CL 0 f φ 0

φ2 = 92+12
−10

φ2 (deg.)

Sππ

* 1-CL ~ 0 for φ2 = 0

16

φ2 10ππ



φφ (( )) BB00 00 00φφ22 ((αα ): ): BB00 ρρ 00ρρ 00

hep-ex/0612021BaBar 384MBB

10)19.0 0.33 07.1( 6×±±= −B 3.5σ

17
04.0 0.13 87.0 ±±=Lf



φφ22 ((αα ): ): BB00 ρρ ρρ

C t i t

B ρρ is
not the best mode anymoreConstraint on φ2
not the best mode anymore

A+−/√2 A00
Before 2006 Summer

( ff ) A0+

A+−/√2 A00

2(φ2
eff – φ2) A

Triangles were squashedg q

With New B.F. of B ρ0ρ0, ρ+ρ0

φ (deg )
18

φ2 (deg.)
φ2 = 92 ± 21 deg.

For further improvement,
we need ACP of B0 ρ0ρ0.



φφ22 ((αα ): ): BB00 ((ρπρπ))00 Dalitz AnalysisDalitz Analysis

hep ex/0701015hep-ex/0701015
hep-ex/0703008

φ (d )

Belle 449MBB
Dalitz + Pentagon Analysis

φ2 (deg.)
φ2 (deg.)

68° < φ2 < 95°
Belle 449MBB

BaBar 375MBB

°+ )87( 45φ
19

φ2
with other 

allowed regions
°= +

− )87( 45
132φ



DPF/JPS2006: BaBar(DPF/JPS2006: BaBar(ππππ//ρπρπ//ρρρρ) + Belle() + Belle(ππππ//ρρρρ))

α/φ2 = [93    ]°+11
− 9α/φ2 [9 ]− 9

αGlobal Fit = [ 98     ] º+5
-19

consistent with a global fit w/o α/φ2

B ρπ to be included

• Solution around 0/180deg. is eliminated if
Br(Bs K+K−)  + SU(3) is used for ππ.  (see talk by M.Ciuchini)
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Direct CP violation and Direct CP violation and φφ3 3 ((γγ))

φ2VudV*
ub

VtdV*
tb

φ1
φ3

*
B D(*)K(*)

VcdV*
cb

C l d C l ll d

u
V*

ub s Κ+
Vusλ3

Color suppressed Color allowed

b
u
c

s

W
B+

d

D0

Vcs

fCOM
b

u

c

W

B+

Κ+

V*
cb

u u
sd

Κ+Vcs

λ3 u u

cBd D0
cb _

fCOM

21
Choice of fCOM very important !



φφ33 SummarySummaryφφ33 yy

/φ [62 ]°+38γ/φ3 = [62    ]°+38
−24

fCOM

22

Improvements with more statistics 
expected in the near future



Vus
HQE (Heavy Quark Expansion)

Vcb
THEORY

Decay rate with expansion in series of 1/mb,
non-perturbative parameters extracted
from shape information

Vcs Inclusive semileptonic B decays: B Xclν
METHOD

THEORY

Vtb
VtsVts

3 independent parameters
EXPERIMENT

p p

El: lepton energy
q2: lepton-neutrino mass squared

EXPERIMENT

23

Mx: hadronic mass



Vus

Vcb
1% accuracy**

Vcs Inclusive semileptonic B decays: B XclνRESULTS

Inputs: 
decay rates and moments 
(shape) from BaBar Belle

Vtb
Vts

(shape) from BaBar, Belle,
CDF, CLEO, DELPHI

Vts
B Xsγ
Eγ spectrumEγ spectrum
also used as
an input

24

** B D(*)lν (exclusive) 
with LQCD ~4% accuracy



|Vub| = (4.49±0.19±0.27)x10-3

~7% accuracy**

Vub
VusInclusive semileptonic 

d l

Method

V b

B decays: B Xulν

Vcs
Vcb

large 
b c background

EXPERIMENT

theory uncertainties (shape function)

b c background

Vtb

several different schemes

25

Vtb
Vts

** B πlν (exclusive) with LQCD ~12% accuracy



Summary ofSummary of
Vub

Summary of Summary of 
|V|Vcbcb|, |V|, |Vubub||

Vus
|V|Vcbcb|(10|(10--33)) |V|Vubub|(10|(10--33))

V b

|| cbcb|(|( )) || ubub|(|( ))

ExclusiveExclusive 39.439.4±±1.61.6 3.973.97±±0.550.55

Vcs
Vcb

InclusiveInclusive 41.741.7±±0.4*0.4* 4.494.49±±0.330.33

* ij C 2006

Vtb

*P. Urquijo, CKM2006
other numbers from C. Schwanda, Lathuile2007
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Vtb
Vts



Vtb
VtsVtd

Cannot be measured from top semileptonic decays ...
METHOD1 Loop diagrams BF(B ( / ) ) V

2 2 2⎛ ⎞
3METHOD1 Loop diagrams

W −
γ

BF(B → (ρ / ω )γ )
BF(B → K *γ )

=
Vtd

Vts

mB
2 − mρ

2

mB
2 − mK *

2

⎛

⎝⎜
⎞

⎠⎟
ζ 2 1+ ΔR( )

Light Cone Sum Rules

Vts

W

u c t
b ss,d

Light Cone Sum Rules

6
Belleu,c, t

Inclusive BF(B Xsγ) 
for E >1 6GeV

BaBar+Belle(10-6)

M (GeV/c2)for Eγ>1.6GeV
|Vts| with ~7% accuracy

Caveat: This assumes
Vtd = 0.197 0 018

+0.019 (exp) ± 0.015(th)
B→ργ

Mbc(GeV/c2)
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Caveat: This assumes 
the unitarity. Vts ργ

0.197−0.018 (exp) ± 0.015(th)



Vtb
VtsVtd

METHOD2

diBox diagrams LQCD

CDF
(Okamoto, hep-lat/0510113)

BaBar+Belle
~1% accuracy

~0.7% accuracy Limits precision on 
|Vtd|, |Vts| to ~ 10%
Limits precision on 
|Vtd|, |Vts| to ~ 10%

|Vtd| = (7.4 ± 0.8) x 10-3|Vtd| = (7.4 ± 0.8) x 10-3

28

BaBar
(PDG2006)



Vtb
VtsVtd

METHOD2 Box diagrams

(~4% accuracy)

CDF (2006)
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CKM Global FitCKM Global Fit

Good overall agreement. O(1) new physics unlikely. 
Need to be able to detect O(0 1) effects as the next stepNeed to be able to detect O(0.1) effects as the next step.

Kobayashi-Maskawa model of CP violation has been firmly
established just like Newtonian mechanics was established
Kobayashi-Maskawa model of CP violation has been firmly
established just like Newtonian mechanics was established

30

established, just like Newtonian mechanics was established. established, just like Newtonian mechanics was established. 



M. NeubertComment on |Vub| tension (1)

M i d EW 2007Moriond EW 2007
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|Vub| from CKM fit 3

T. IijimaComment on |Vub| tension (2)

 ]4
|Vub| from CKM fit
(direct meas. not included)

-3
|Vub| from SL

) [
x1

0 
 -4 SM formula w/ 

f B = 0.216 +/- 0.022 GeV 

Br(B τν) ∝|Vub|2

B
r(

τν
) ( ) | |

Belle result  
Br=(1.79 +0.72 -0.71 )x10

-4

Improved Br(B τν) measImproved Br(B τν) measImproved Br(B τν) meas.
important to disentangle
possible origins of the
“V b t i ”

Improved Br(B τν) meas.
important to disentangle
possible origins of the
“V b t i ”

32
|Vub| [x10   ]-3 “Vub tension”“Vub tension”



Direct CPV in BDirect CPV in B00 KK++ππ−− (established in 2004)

hep-ex/0608049
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K+π-: -0.093±0.018±0.008

Di CPV l d b d i K d I i i B

hep-ex/0703016(4.7σ)

• Direct CPV already observed in K decays. Important to see it in B 
decays ? Yes ! There are well-motivated “B-superweak” models.
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– e.g. Superstring-inspired “B-superweak” model that also allows SUSY EW 
baryogenesis [M. Brhlik et al., PRL 84, 3041 (2000)].



AACPCP(K(Kππ) puzzle ?) puzzle ?

ACP(K+π0) = +0.047 ± 0.026
ACP(K+π−) = −0.093 ± 0.015
d i ti 0 14/0 03 > 4 6

ACP(K+π0) = +0.047 ± 0.026
ACP(K+π−) = −0.093 ± 0.015
d i ti 0 14/0 03 > 4 6

34

deviation: 0.14/0.03 > 4.6σ
New physics ?

deviation: 0.14/0.03 > 4.6σ
New physics ?



AACPCP(K(Kππ) puzzle ?) puzzle ?

• Naive expectation ACP(K+π0) ~ ACP(K+π−) is too crude and isNaive expectation, ACP(K π )  ACP(K π ), is too crude and is 
not adequate for new physics search. 
– Large color-suppressed tree may exist.

• “Sum rule” offers more precise tests.☺ D. Atwood, A. Soni, PRD58 (1998) 036005

M. Gronau, PLB627 (2005) 82

A(K0π0) = −0.16±0.04 (from sum rule)
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(as of Aug.2006)
A(K π )  0.16±0.04 (from sum rule)
A(K0π0) = −0.12±0.11 (tCPV meas.)



Summary of CPV and CKMSummary of CPV and CKM

•• KobayashiKobayashi--Maskawa model of CP violation has been Maskawa model of CP violation has been 
established, just like Newtonian mechanics was established.established, just like Newtonian mechanics was established.

•• Yet there are several inconsistencies that are uncomfortable Yet there are several inconsistencies that are uncomfortable 
for the Standard Modelfor the Standard Modelfor the Standard Model.for the Standard Model.
–– b b s tCPV (2.6s tCPV (2.6σσ))
–– Vub tension (2.9Vub tension (2.9σσ if you think bif you think b s tCPV anomaly is a statisticals tCPV anomaly is a statisticalVub tension (2.9Vub tension (2.9σσ if you think b if you think b s tCPV anomaly is a statistical s tCPV anomaly is a statistical 

fluctuation and use combined sin2fluctuation and use combined sin2φφ11))

•• Only more data will tell us the truth. At the same time, Only more data will tell us the truth. At the same time, 
theoretical improvements are also important.theoretical improvements are also important.
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New physics searchesNew physics searchesNew physics searchesNew physics searchesNew physics searchesNew physics searches



BB±± →→ ττ±± ν ν

Decays w/ Decays w/ 
“Mi i E( 1“Mi i E( 1 )”)”
Decays w/ Decays w/ 
“Mi i E( 1“Mi i E( 1 )”)”“Missing E(>1“Missing E(>1νν)”)”“Missing E(>1“Missing E(>1νν)”)”

SM :

B decay constant ↔ Lattice QCD

BSM iti t N Ph i f H±

38

BSM : sensitive to New Physics from H±

W. S. Hou, PRD48, 2342 (1993) 



Full Reconstruction MethodFull Reconstruction Method

•• Fully reconstruct one of the B’s to tagFully reconstruct one of the B’s to tag
–– B productionB production
–– B flavor/chargeB flavor/charge Equivalent to

“sin l B m s n b m” !
Equivalent to
“sin l B m s n b m” !

gg
–– B momentumB momentum single B meson beam” !single B meson beam” !

B
Decays of interests
B Xu l ν,
B K ν ν

Υ(4S)
e−
(8GeV) e+(3.5GeV)

π
full (0 1~0 3%)

B K ν ν
B Dτν, τν

B full (0.1 0.3%)
reconstruction
B Dπ etc.

39

Powerful tools for B decays w/ neutrinos 



B B τντν resultsresults

Belle BaBar9 2 1802 (2006) h /0608019

Belle Hadronic tag D l ν tag
+ (3 6%)

Belle BaBarPRL97, 251802 (2006). hep-ex/0608019 

e+νν (3.6%) 
μ+νν (2.4 %)
π+ν (4.9%)
π+π0ν (2 0%)π+π0ν (2.0%)
πππν (0.8%)

τ+ → e+νν (eff: 4.1%), μ+νν (2.4%),  
π+ν (4.9%), π+π0ν (1.2%)( ), ( )

l l

40
First evidence, 3.5 σ

No clear signal



Constraints on HConstraints on H±± massmass
Use known fB and |Vub |
R ti t th SM BFRatio to the SM BF.

2
2 2(1 t )Bm β

W. S. Hou, PRD48, 2342 (1993) 

rH=1 13±0 51

2 2
2(1 tan )B

H
H

r
m

β= −

rH 1.13±0.51
excluded
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Other searches with B decaysOther searches with B decays
•• Br(b Br(b ssγ): γ): best NP killer so farbest NP killer so far AFB(B K*ll)

•• BB00 KsKsππ00γγ tCPVtCPV

Extreme NP scenarios
are already excluded.
Extreme NP scenarios
are already excluded.

42
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Tau LFV summaryTau LFV summary
J. Yi, Moriond QCD 2007
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ττ μγμγ

535/fb535/fb

Dominant background: τ μνν + ISR  (90%)
Small contamination of μμ BG in ΔE>0

44

μμ



(Near) future prospect(Near) future prospect

10
-5

PDG2006

10
-6

•• Possible sensitivity at 5abPossible sensitivity at 5ab--11 PDG2006
Belle
Babar

10
6

based on eff. 
and NBG of 
most sensitive

10
-7

most sensitive 
analysis

10
-8 Estimated

upper limit
range of Br

10
-9
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e−

e− e+ μ− μ+

μ− e− e+ μ− μ+

e− π
e− π
e+ π
e− K
e+ K
μ− π
μ− π
μ+ π
μ− K
μ+ K e μ μ μ



Evidence for DEvidence for D00 mixingmixing
h /0703020h /0703020

K. Flood at Moriond EW 2007
384/fb

hep-ex/0703020hep-ex/0703020

46* No CPV is seen



Evidence for DEvidence for D00 mixingmixing

Presented at Moriond EW

hep-ex/0703036hep-ex/0703036
Presented at Moriond EW 540/fb

47(* No CP violation seen)



Search for light dark matter on Upsilon(3S)Search for light dark matter on Upsilon(3S)
PRL 98 132001 (2007)

Y(3S) runs : 2.9 fb-1

(Feb, 2006 : 4days) better sensitivity than ~7year Y(4S) data 

PRL 98, 132001 (2007)

Br(Y(1S) in isible) < 2 5x10−3 (90%C L )
Y(3S) Y(1S)π+π−

Br(Y(1S) invisible) < 2.5x10 3 (90%C.L.)
Prediction is
di f d

B. McElrath, B. McElrath, 
PRD 72 103508 (2005)PRD 72 103508 (2005)

Nsignal = 38 ± 39
disfavored PRD 72, 103508 (2005)PRD 72, 103508 (2005)

Y(1S) DM DM

data
Fit  
BGBG 
Prediction
Br(Y(1S) invisble)=0.6%
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Future prospectsFuture prospectsFuture prospectsFuture prospectsFuture prospectsFuture prospects



Efforts for improvements never stop !Efforts for improvements never stop !
Oide’s talk

Cosmic-ray μ in newly-installed 
BaBar LST sextants (Nov.06) Crab cavities installed (Jan.07)

34 2

•• ~2/ab from BaBar+Belle by the end of 2008~2/ab from BaBar+Belle by the end of 2008
ill d iill d i

better μ detection efficiency luminosity goal = 3 x 1034/cm2/s

•• BaBar will end in 2008BaBar will end in 2008
•• Belle proposing a major upgrade (= SuperKEKB)Belle proposing a major upgrade (= SuperKEKB)

part of the “Japanese HEP master plan”part of the “Japanese HEP master plan”
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–– part of the Japanese HEP master planpart of the Japanese HEP master plan
–– luminosity goal : 8 x 10luminosity goal : 8 x 103535/cm/cm22/s (peak), 50/ab (integrated)/s (peak), 50/ab (integrated)



Important topics with 2/abImportant topics with 2/ab

•• b b s tCPV: 2.6s tCPV: 2.6σσ ~4~4σ (σ (for the same central values) for the same central values) 
•• Vub tension: 2.9Vub tension: 2.9σσ ? (depend on data + theory)? (depend on data + theory)( p y)( p y)
•• Improved measurements of DImproved measurements of D00 mixingmixing
•• Improved measurements of BImproved measurements of B τντν•• Improved measurements of B Improved measurements of B τντν
•• Evidence for B Evidence for B μνμν
•• More precise angle measurements, in particular More precise angle measurements, in particular φφ33 with with 

significant observation in B significant observation in B DD(*)(*)KK(*)(*)

Other new physics searches may also find something surprising !
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T o d ay
0.02 6 0.02 0

2 ab -1

sin 2 φ
1
/β (b→ c )

PhysicsPhysics

0.02 6 0.02 0
0.1 3 0.09

1

sin 2 φ
1
/β (b→ s)

φ
2 1 1 o 6 o

0.05                0.035

Physics Physics 
reach at 2/abreach at 2/ab 6.3% 4 .9%

0 8% 0 8%

φ
3 1 9 o 1 2 o

V
ub

(in c lu s ive )

Δ m 0.8% 0.8%
2 0.4 % 1 0.3%

36% 2 7 %

Δ m
d

B (B → (ρ,ω ) γ)
B (B → τν )
A (K *l+ l ) 2 3% 1 0%A

F B
(K *l+ l-)

δ(ρ,η) =ρ
(10.0%,4.4%)
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R. Itoh, @LHC upgrade WS, 
Jan. 2007



Upsilon(5S) runUpsilon(5S) run
(~3 weeks)

•• 2 papers on exclusive 2 papers on exclusive 
and inclusive Brand inclusive Br

PRL 98 052001 (2007)PRL 98 052001 (2007)

Estimated yields for 100/fb (6months)

–– PRL 98, 052001 (2007)PRL 98, 052001 (2007)
–– hephep--ex/0610003 ex/0610003 (~ 3weeks)

Br < 0.53x10-4 world best
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•• Papers based on 22/fb Papers based on 22/fb 
data set this yeardata set this year



Why are B factories so successful ?Why are B factories so successful ?

•• Great ideas (tCPV, innovative collider design)Great ideas (tCPV, innovative collider design)
•• Clear target luminosity from physics requirementClear target luminosity from physics requirement
•• Competition between two B factoriesCompetition between two B factories
•• Simple physics goalSimple physics goal

–– Discover CP violation in the B meson system !Discover CP violation in the B meson system !
•• Large variety of measurementsLarge variety of measurements•• Large variety of measurementsLarge variety of measurements

–– Different star results every year Different star results every year press release every yearpress release every year
•• New ideas for measurements after the experiments startedNew ideas for measurements after the experiments startedpp

–– Dalitz analysis for Dalitz analysis for φφ33
–– 33--body CP eigenstates (KsKsKs etc.)body CP eigenstates (KsKsKs etc.)

V t i ith K d IP t i t (KV t i ith K d IP t i t (K 00 t )t )–– Vertexing with Ks and IP constraint (Ks Vertexing with Ks and IP constraint (Ks ππ00 etc.)etc.)
•• Constant improvementsConstant improvements

–– continuous injectioncontinuous injection
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continuous injectioncontinuous injection
–– sophisticated flavor tagging sophisticated flavor tagging εεeff = 20% eff = 20% 30%30%



Integrated Luminosity Projection for SuperKEKBIntegrated Luminosity Projection for SuperKEKB

100 × current statistics !

Super B factory will produce 
even more important 
(f d t l) h i lt !

Super B factory will produce 
even more important 
(f d t l) h i lt !(fundamental) physics results !(fundamental) physics results !

Wonderful physics Wonderful physics 
with this luminositywith this luminosity
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Peak Luminosity History and ProspectsPeak Luminosity History and Prospects
20461039 20461039

L 1039/ 2/32 L = 1039/cm2/s
in 2046

32
sounds more

impressive thanp
100TeV collider !

Flavor physics will continue
beyond your retirement.
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2050



Backup SlidesBackup SlidesBackup SlidesBackup SlidesBackup SlidesBackup Slides



Two asymmetricTwo asymmetric--energy energy BB factoriesfactories
PEP-II at SLAC

9GeV (e−) × 3.1GeV (e+) 13 countries
peak luminosity:

1.2×1034cm−2s−1

13 countries, 
57 institutes,
~400 collaborators

Belle

KEKB at KEK
BaBar

8GeV (e−) × 3.5GeV (e+)
peak luminosity:

1 7×1034cm−2s−1
11 nations, 
80 institutes
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1.7×1034cm 2s 1

world record
80 institutes, 
623 persons



B Factory Physics ProgramB Factory Physics Program

II CP Violation in B DecaysCP Violation in B Decays ± qiI.I. CP Violation in B DecaysCP Violation in B Decays
II.II. Fundamental SM Parameters Fundamental SM Parameters 

(C l Q k C li )(C l Q k C li )

W± qi

qj
Vij(Complex Quark Couplings)(Complex Quark Couplings)

III.III. Beyond the SM (BSM)Beyond the SM (BSM)

qj

Cabibbo-Kobayashi-
Maskawa

IV.IV. Unanticipated New ParticlesUnanticipated New Particles
_ _

(ρ η)

Maskawa
(CKM) matrix

(ρ, η)

φ2(α)Unitarity Triangle

βφ (γ)

φ2(α)
being overconstrained
at B factories
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(0,0) (0,1)φ1(β)φ3(γ)



Some Statistics on B FactoriesSome Statistics on B Factories

B BB B B llB ll
from spires as of Mar. 27, 2007

BaBarBaBar BelleBelle

# of “well# of “well--known” known” 
papers (papers (≥≥50 citations)50 citations)

3333 4141
p pp p

Total # of papersTotal # of papers 446446 297297

Total # of citationsTotal # of citations 80008000 75717571

+ many indirect citations through PDG/HFAG citations
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+ many indirect citations through PDG/HFAG citations



V
Vud Vus

Vub
Vud Vus

V d V
Vcb

Vcd Vcs

Vtb
VtsVtd
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Vub = 
|Vub|exp(−iφ3) 

Vud Vus

|V | p( φ3)_ _
(ρ, η) Normalized with 

|VcdVcb*|Vud Vus
φ2(α) ρ = ρ(1−λ2/2)

η = η(1−λ2/2)

V d V
Vcbφ1(β)φ3(γ)

η η( )

Vcd Vcs
(0,0) (0,1)

φ1(β)
( , ) ( , )

62Vtd = |Vtd|exp(−iφ1)



TimeTime--dependent dependent CPCP violation (tviolation (tCPCPV)V)
““doubledouble--slit experimentslit experiment”” with particles and antiparticleswith particles and antiparticlesdoubledouble slit experimentslit experiment with particles and antiparticleswith particles and antiparticles

Quantum interference between two diagramsQ g

tree diagram box diagram + tree diagram
V d

b c J/ψ b KS
ddt

g
Vtd

d

c
s
d

ψ
KS J/ψ

KS
c
s+

d d KS d c J/ψbt
Vtd

Vtd = |Vtd|exp(−iφ1)

63
You need to “wait” (i.e. Δt≠0) to have the box diagram contribution.



ttCPCPV in BV in B00 decaysdecays

e.g. for J/ψ Ks
S = −ξCPsin2φ1 = +sin2φ1
A = 0
t d i ti

Mixing-induced CPV Direct CPV

to a good approximation
(ξCP : CP eigenvalue)

64(A = −C  a la BaBar)

Mixing induced CPV Direct CPV



Principle of tPrinciple of tCPCPV measurementV measurementpp
CP-side μ+

J/ψ
B0
_

electron

ϒ(4S)
resonance B1

μ-

K

ψ
B0

positron B2 -
0

D
νμ

KS/LB0

βγ = 0.425 (Belle)
0.56 (BaBar)

2

π-K
+

π-D

( )

Δt ≈ Δz
βγ c

Flavor tag and 
vertex 

reconstruction

Flavor tag and 
vertex 

reconstruction
μ+
π

Δz ~ 200μm (Belle)  
~ 260μm (Babar) βγ c

1. Fully reconstruct one B-meson which decays to CP eigenstate
2 Tag side determines its flavor (effective efficiency = 30%)
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2. Tag-side determines its flavor (effective efficiency = 30%)
3. Proper time (Δt) is measured from decay-vertex difference (Δz)



ttCPCPV and V and φφ2 2 ((αα))

φ2VudV*
ub

VtdV*
tb

With the tree diagram only 

S + i 2φ
φ1

φ3

VudV ub Sπ+π− = +sin2φ2
Aπ+π− = 0

VcdV*
cb

V* V uV

B0b– d
––t

B0 –
V tb Vtd

b–
d–
uπ/ρVud

V*
ubB

d bt
B

V*
tbVtd

B0
b

d d
u– π/ρ

tbtd

Mixing diagram Decay diagram (tree)
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3 measurements: ππ, ρρ, ρπ



ππππ :tough bananas:tough bananasππππ :tough bananas:tough bananas
• Aππ world average observation of large direct CPV
• Large penguin diagram (P) ~ Tree diagram (T)g p g g ( ) g ( )
• Large strong phase difference between P and T 

b

W

g π+
Vtd

V*
tb

t
d

B0
d

d d
u
u

g π+

π-

t

d d
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θφφφππππ +=−= 222

2       )2sin(1 effeffAS



Isospin analysis: flavor SU(2) symmetryIsospin analysis: flavor SU(2) symmetry

[Gronau-London 1990]

• Model-independent (symmetry-dependent) methodModel independent (symmetry dependent) method
• SU(2) breaking effect well below present statistical errors
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θφφφππππ +=−= 222

2       )2sin(1 effeffAS“Penguin pollution” can be removed by isospin analysis



Interpretation: Direct CP violation+SU(3)
The results support the expectation from SU(3) symmetry that 

)(3~)( −+−+ − πππ KAA CPCP

N.G. Deshpande and X.-G. He, PRL 75, 1703 (1995)
M Gronau and J L Rosner PLB 595 339 (2004)M. Gronau and J.L. Rosner, PLB 595, 339 (2004)

015.0093.0)( ±−=−+πKACP
HFAG summer 2006

3.0~)( +−+ππCPA
ICHEP2006 World Average

07.039.0~)( ±+−+ππCPA
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)(CP )(CP



VV polarization
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Experimental targets today and near futureExperimental targets today and near future

Kobayashi-Maskawa (KM) modelKobayashi-Maskawa (KM) model 
of CP violation is now a tested 
theory. No need to introduce an y
alternative framework.

Paradigm shift at the beginning of
21st century thanks to two B factories.

New targets

•• Effects of TeV new physics Effects of TeV new physics deviations from SMdeviations from SM
•• LFV and new source of CPVLFV and new source of CPV
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•• Hidden flavor symmetry and its breaking Hidden flavor symmetry and its breaking 


