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MotivationMotivation

Charmless 3 body B decays K, KK and KKK

Spectroscopy: , K and KK mass spectra.

Mainly contributing diagrams: bs loop, bu tree and 
bd loop. (good place to look for New Physics).

CKM Physics:
Testing CKM constraints from charmless modes: 

   and 
 
measurements.

Compare with global CKM fits.
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Experimental IssuesExperimental Issues

Small S/B ratio, mostly continuum (e+eqq, qb) background.
Use kinematical and eventshape variables to discriminate:

* 2 * 2    ES beam Bm E p
Beam-energy substituted mass

* *
B beamE E E∆ = −

Combinatorial 
Background

(spherical)

(jet-structure)

(multivariat
e methods)

2.5 MeV �

15 MeV �

Energy difference Event topology

Correctly 
reconstructed  
BB events
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Complex amplitudes          and        determine DP interference pattern.Complex amplitudes          and        determine DP interference pattern.
Module and phase con be directly fitted on data.Module and phase con be directly fitted on data.

Time-dependent Dalitz Plot AnalysesTime-dependent Dalitz Plot Analyses

Parameterizing signal PDF using Isobar Model

Dalitz Plot 
Isobar Model 

Shapes of intermediates
states over DP

Timedependent DP PDF 

CP violation varies over DP

Timedependent CPV parameters:Timedependent CPV parameters: Interference helps disentanglingInterference helps disentangling
strong and weak phases and thusstrong and weak phases and thus
raises  the degeneracy on theraises  the degeneracy on the
phases. phases. 
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Complex amplitudes          and        determine DP interference pattern.Complex amplitudes          and        determine DP interference pattern.
Module and phase con be directly fitted on data.Module and phase con be directly fitted on data.

Time-dependent Dalitz Plot AnalysesTime-dependent Dalitz Plot Analyses

Timedependent DP PDF 

CP violation varies over DP

components components
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Spectroscopy: Spectroscopy:  , , KK  and  and KKKK mass spectra mass spectra
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mass spectrum: use 
    f

0
(980)K+, (770)K+, f

2
(1270)K+ 

    and a scalar f
X
(1300)K+ with 

                     m = 1479   8 MeV/c2 and
                      = 80   19 MeV/c2

f
0
(980)K+

(770)K+

f
2
(1270)K+

f
X
(1300)K+

Some resonances are wide, they overlap and interfere 
    (e.g. K+ and f

0
K+)   B+K+ Dalitzplot (DP) analysis (time

integrated) is needed: magnitudes and relative phases of amplitudes are 
directly fitted.
Sensitive to DCPV in decay rate asymmetry and in relative phase 
asymmetry.
Largest S/B ratio among BK decays Used to study and K
mass spectra.

Dalitz analysis of BDalitz analysis of B++KK++      
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mass spectrum: use 
     K*0(892), K*0

2
(1430)

    LASS lineshape used for describing 
KSwave. 

(892) K*0
2
(1430)

LASS lineshape

Dalitz analysis of BDalitz analysis of B++KK++      

Nucl. Phys., B296:493, 1988

Some resonances are wide, they overlap and interfere 
    (e.g. K+ and f

0
K+)   B+K+ Dalitzplot (DP) analysis (time

integrated) is needed: magnitudes and relative phases of amplitudes are 
directly fitted.
Sensitive to DCPV in decay rate asymmetry and in relative phase 
asymmetry.
Largest S/B ratio among BK  decays Used to study and K
mass spectra.
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 arXiv:0803.4451 (accepted in PRD)

A
CP

()=(+44   10   4+5
13

)%

Some resonances are wide, they overlap and interfere
     (e.g. K+ and f

0
K+)  B+K+ Dalitzplot (DP) analysis (timeintegrated) is 

needed: magnitudes and relative phases of amplitudes are directly fitted.
Sensitive to DCPV in decay rate asymmetry and in relative phase asymmetry.
Largest S/B ratio among BK decays Used to study and Kmass spectra.

Dalitz analysis of BDalitz analysis of B++KK++      

f
0
(980)K+

A
CP

(K*0+) ~ 0 (as expected in SM).

Evidence of DCPV in decay rate and relative phase for B+at 3.7 
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 arXiv:0803.4451 (accepted in PRD)

A
CP

()=(+44   10   4+5
13

)%

Some resonances are wide, they overlap and interfere
     (e.g. K+ and f

0
K+)  B+K+ Dalitzplot (DP) analysis (timeintegrated) is 

needed: magnitudes and relative phases of amplitudes are directly fitted.
Sensitive to DCPV in decay rate asymmetry and in relative phase asymmetry.
Largest S/B ratio among BK decays Used to study and Kmass spectra.

Dalitz analysis of BDalitz analysis of B++KK++      

f
0
(980)K+

A
CP

(K*0+) ~ 0 (as expected in SM).

Evidence of DCPV in decay rate and relative phase for B+at 3.7 

First evidence of DCPV in a charged mode
(Belle see evidence at a similar level of significance)
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KK S-wave from KK S-wave from KK++KK      KK++KK--KK00

Observation of B+K+Kat 9.6:
    BR = (5.0   0.5   0.5)x106 
    (429 43 events)
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Observation of B+K+Kat 9.6:
    BR = (5.0   0.5   0.5)x106 
    (429 43 events)

Broad peak at ~1.5GeV/c2 in KK mass
(ss)  peak not seen 

     (as expected in SM)

PRL99:221801PRL99:221801

B+K+K

KK S-wave from KK S-wave from KK++KK      KK++KK--KK00

sPlot
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PRL99:221801PRL99:221801

B+K+K

PRL99:221801PRL99:161802

DP analysis B0K+KK Broad peak at ~1.5GeV/c2 in KK (scalar) 
also seen in other modes:

    B0K+KK0

 m = 1539 20MeV/c2,  = 257 33MeV/c2

B0KKK modes dominated by 

     non-resonant component

KK S-wave from KK S-wave from KK++KK      KK++KK--KK00

Observation of B+K+Kat 9.6:
    BR = (5.0   0.5   0.5)x106 
    (429 43 events)

Broad peak at ~1.5GeV/c2 in KK mass
(ss)  peak not seen 

     (as expected in SM)

PRL99:161802

sPlot

sPlot
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CKM physics:CKM physics:   andand  
  
measurementsmeasurements



Alejandro Perez,            Workshop Meson 2008, Jun 7th 2008 15

bbsqq penguins: loop-dominancesqq penguins: loop-dominance
bscc:

“golden” modes for sin(2), i.e. J/K0
S

treedominated decays
penguins carry same  weak phase

bsqq:
pure “internal” or “flavorsinglet” penguins, i.e. K0

S

dominant phase, same CKM factors as bscc
BSM particles could contribute in loops

A window to New PhysicsA window to New Physics

Standard Model:
S

scc
 = S

sss
+ S

SM
 = sin(2)

C
scc

  C
sss 

0

New Physics:
S

scc
  S

sss
+ S

SM

C
scc

  C
sss

Theoretical issue:  evaluate S
SM

 for each mode
                              identify clean modes (with small S

SM
)
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sin(2sin(2
effeff

) from B) from B00 'K'K00

Experimentally clean:    largest BR among bs penguin modes
                                              kinematical identification of  '
                                               'K0

L
 adds 50% more events

Theoretically clean:       negligible tree contributions
First bsqq mode to establish CP violation; 

     results in agreement with bscc

Measurements:
C = 0.16   0.07 0.03
S =  0.58   0.10 0.03

Observed mixinginduced 
CPV at 5.5 level

B0'K0
S

B0'K0
L PL98:031801 (2007)

B0 tag
B0 tag
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spectrum: as in B+K+, f
2
(1270)K0

S
 and a scalar f

X
(1300)K0

S

Amplitude analysis for f
0
(980)K0 and (770)K0: 

     measure of 2
eff

 instead of sin(2
eff

)

f
0
(980)K0

(770)K0

f
2
(1270)K+

f
X
(1300)K+ f

0
(980)K0 band 0(770)K0 band

Time dependent asymmetries:

m


(GeV/c2)

B0tag B0tag

B0tag B0tag


effeff

 from time-dependent DP analysis: K from time-dependent DP analysis: K00

SS
   

Signal enhanced
 projection
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2
eff

(f
0
(980)K0)

stat.
stat. + syst.

2
eff

(0(770)K0)

stat.
stat. + syst.

f
0
(980)K0

(770)K0

golden modes 
2 value

f
2
(1270)K+

f
X
(1300)K+

spectrum: as in B+K+, f
2
(1270)K0

S
 and a scalar f

X
(1300)K0

S

Amplitude analysis for f
0
(980)K0 and (770)K0: 

     measure of 2
eff

 instead of sin(2
eff

)


effeff

 from time-dependent DP analysis: K from time-dependent DP analysis: K00

SS
   

m


(GeV/c2)

2
eff

(f
0
(980)K0) = (88.6+23.3

-22.4
)o (stat. + syst.)

2
eff

(0(770)K0) = (37.4+20.8
-19.3

)o (stat. + syst.)

arXiv:0708.2097 
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2
eff

(f
0
(980)K0)

stat.
stat. + syst.

2
eff

(0(770)K0)

stat.
stat. + syst.

f
0
(980)K0

(770)K0

m


(GeV/c2)

golden modes 
2 value

f
2
(1270)K+

f
X
(1300)K+

spectrum: as in B+K+, f
2
(1270)K0

S
 and a scalar f

X
(1300)K0

S

Amplitude analysis for f
0
(980)K0 and (770)K0: 

     measure of 2
eff

 instead of sin(2
eff

)

Non-gaussian result for f
0
K0

S

2
eff

(f
0
(980)K0) = 0 (=180) 

excluded at 4.3 (3.9)


effeff

 from time-dependent DP analysis: K from time-dependent DP analysis: K00

SS
   

2
eff

(f
0
(980)K0) = (88.6+23.3

-22.4
)o (stat. + syst.)

2
eff

(0(770)K0) = (37.4+20.8
-19.3

)o (stat. + syst.)

arXiv:0708.2097 
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Fit strategy:
     fit on the whole phase space. Average CPV parameters (same 

eff
)

     fit on low KK mass (mostly f
0
(980)K0

S
 and (1020)K0

S
 components).

     fit on high KK mass (mostly nonresonant component).
whole KK mass low KK mass

(1020)K0

timedependent asymmetries

PRL99:161802


effeff

 from time-dependent DP analysis: K from time-dependent DP analysis: K++KK--KK

sPlots Likelihood scan
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Fit strategy:
     fit on the whole phase space. Average CPV parameters (same 

eff
)

     fit on low KK mass (mostly f
0
(980)K0

S
 and (1020)K0

S
 components).

     fit on high KK mass (mostly nonresonant component).
whole KK mass low KK mass

(1020)K0

timedependent asymmetries

PRL99:161802

whole KK mass:
CPV signifiacance of 4.8

 –
eff

 solution excluded at 4.5
Likelihood scan


effeff

 from time-dependent DP analysis: K from time-dependent DP analysis: K++KK--KK
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effeff

 (loop b (loop bs) vs s) vs   (tree b (tree bs)s)

golden modes:

sin(2β ) = 0.680 ± 0.025

 (HFAG average)

9 bsqq modes

J/K0
S
 Mode
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S(f
0
(980)K0) BaBar measurement 

2.1  above from golden modes value

S golden modes value


effeff

 (loop b (loop bs) vs s) vs   (tree b (tree bs)s)
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S golden modes value


effeff

 (loop b (loop bs) vs s) vs   (tree b (tree bs)s)
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K* Isospin relations:
     A(B0K*+) = V

us
V*

ub
T+ + V

ts
V*

tb
P+

 2.A(B0K*0) = V
us

V*
ub

T00 + V
ts
V*

tb
(P++P

EW
)

Neglecting P
EW

, the amplitude combinations:

     3A
3/2

 = A(B0K*+) + 2.A(B0K*0) = V
us

V*
ub

(T++T00)

     3A
3/2

 = A(B0K*) + 2.A(B0K*0) = V*
us

V
ub

(T++T00)

     which gives: R
3/2

 = (3A
3/2

)/(3A
3/2

) = e2i

Direct access to Direct access to   CKM angle CKM angle

CPS PRD74:051301
GPSZ PRD75:014002

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 
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K* Isospin relations:
     A(B0K*+) = V

us
V*

ub
T+ + V

ts
V*

tb
P+

 2.A(B0K*0) = V
us

V*
ub

T00 + V
ts
V*

tb
(P++P

EW
)

Neglecting P
EW

, the amplitude combinations:

     3A
3/2

 = A(B0K*+) + 2.A(B0K*0) = V
us

V*
ub

(T++T00)

     3A
3/2

 = A(B0K*) + 2.A(B0K*0) = V*
us

V
ub

(T++T00)

     which gives: R
3/2

 = (3A
3/2

)/(3A
3/2

) = e2i

From experiment:From experiment:

CPS PRD74:051301
GPSZ PRD75:014002

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 

Measurable from K+ - and K0
S
+

 |A( |A(BB00 KK*+*+ )| and |)| and |A(A(BB00 KK*0*0 )|)|
 |A( |A(BB00 KK** )| and |A()| and |A(BB00KK*0*0 )|)|
                                Through BRsThrough BRs
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K* Isospin relations:
     A(B0K*+) = V

us
V*

ub
T+ + V

ts
V*

tb
P+

 2.A(B0K*0) = V
us

V*
ub

T00 + V
ts
V*

tb
(P++P

EW
)

Neglecting P
EW

, the amplitude combinations:

     3A
3/2

 = A(B0K*+) + 2.A(B0K*0) = V
us

V*
ub

(T++T00)

     3A
3/2

 = A(B0K*) + 2.A(B0K*0) = V*
us

V
ub

(T++T00)

     which gives: R
3/2

 = (3A
3/2

)/(3A
3/2

) = e2i

From experiment:From experiment:

CPS PRD74:051301
GPSZ PRD75:014002

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 

Measurable from K+ -

   = arg(A(= arg(A(BB00 KK*+*+ ))A*(A*(BB00KK*0*0 ))))
   = arg(A(= arg(A(BB00 KK** )A*()A*(BB00KK*0*0 ))))
                                Through interferenceThrough interference
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K* Isospin relations:
     A(B0K*+) = V

us
V*

ub
T+ + V

ts
V*

tb
P+

 2.A(B0K*0) = V
us

V*
ub

T00 + V
ts
V*

tb
(P++P

EW
)

Neglecting P
EW

, the amplitude combinations:

     3A
3/2

 = A(B0K*+) + 2.A(B0K*0) = V
us

V*
ub

(T++T00)

     3A
3/2

 = A(B0K*) + 2.A(B0K*0) = V*
us

V
ub

(T++T00)

     which gives: R
3/2

 = (3A
3/2

)/(3A
3/2

) = e2i

From experiment:From experiment:

CPS PRD74:051301
GPSZ PRD75:014002

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 

Measurable from K0
S
+

   = arg(A(= arg(A(BB00 KK*+*+ ))A*(A*(BB00KK** ))))
                                Through interferenceThrough interference
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K* Isospin relations:
     A(B0K*+) = V

us
V*

ub
T+ + V

ts
V*

tb
P+

 2.A(B0K*0) = V
us

V*
ub

T00 + V
ts
V*

tb
(P++P

EW
)

Neglecting P
EW

, the amplitude combinations:

     3A
3/2

 = A(B0K*+) + 2.A(B0K*0) = V
us

V*
ub

(T++T00)

     3A
3/2

 = A(B0K*) + 2.A(B0K*0) = V*
us

V
ub

(T++T00)

     which gives: R
3/2

 = (3A
3/2

)/(3A
3/2

) = e2i CPS PRD74:051301
GPSZ PRD75:014002

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 

With non zero P
EW

, 

nontrivial constraint in ()
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K0
S
+ timedependent DP analysis K+ - timeintegrated DP analysis

(892)

S-wave K

(892)

S-wave K

mK0(GeV/c2)

K  spectrum: as in the B+K+  using LASS lineshape to 
describe Swave K . No significant K*0

2
(1430) contribution

Signal enhanced
 projections

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 
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(892) Obervation at 5.6of B0K*0(892) decay
BF(B0K*0(892)) = (3.6+0.7

0.8
 0.4)x106

mK0(GeV/c2)

B0K+ -

arXiv:0711.4417 

K0
S
+ timedependent DP analysis K+ - timeintegrated DP analysis

K  spectrum: as in the B+K+  using LASS lineshape to 
describe Swave K . No significant K*0

2
(1430) contribution

S-wave K

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 
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|A
ij
|  BRs well measured

  obtained from Dalitz B0K0
S
+:

        Single likelihood min, error ~31o

  and obtained from Dalitz B0K+ -:
       2 minima close in Likelihood units, ~1 
        Phases weakly constrained

B0K0
S
+, arXiv:0708.2097 

B0K+ -

arXiv:0711.4417 

degeneracy

  ~31o

Second minimum 
excluded at ~3.6

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 



Alejandro Perez,            Workshop Meson 2008, Jun 7th 2008 33

|A
ij
|  BRs well measured

  obtained from Dalitz B0K0
S
+:

        Single likelihood, error ~31o

  and obtained from Dalitz B0K+ -:
       2 minima close in Likelihood units, ~1 
        Phases weakly constrained

B0K0
S
+, arXiv:0708.2097 

B0K+ -

arXiv:0711.4417 

degeneracy

  ~31o

Second minimum 
excluded at ~3  level

All ingredients for CPS/
GPSZ are there!

statistically limited 
constraint

Gronau et. al. PRD:77,057504 (2008)

“ ”“ ”(CPS/GPSZ) from (CPS/GPSZ) from KK++ -- , K, K00

SS
 ++ 
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ConclusionsConclusions

BaBar is exploring many interesting topics in Charmless B 
decays:

Probing and Kmass spectrum with: B+K+

Evidence of DCPV: B+K+3.7 in K+)
Probing KK mass spectrum with: 

    B+K+K& B0K+KK

sin(2
eff

) from  'K0
S
, results compatible with 

bscc


eff
 from timedependent DP analyses:

   K0
S
, f

0
K0

S
, K0

S
 & high mass K+KK

“ ”  via CPS/GPSZ: B0K+,B0K0
S
, nontrivial 

constraint in () plane
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OutlineOutline

Dalitz analysis of B+K+:
  mass spectrum.
Kmass spectrum.
Large Direct CP Violation (DCPV).

KK S-wave from B+K+K B0K+K-K0

bsqq penguin-dominated charmless decays.
bsqq penguins and new physiscs.

sin(2
eff

) from B0  'K0 (Q2B analysis)

Dalitz analyses: 2
eff 

from B0K0
S
 & B0K+K-

K

“” (CPS/GPSZ) from B0K+& B0K0
S
Dalitz 

analyses.
Conclusions
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The Standard Model and the CKM MatrixThe Standard Model and the CKM Matrix

SM: gauge theory of strong and electroweak 
interations. With the simetry group,

In the quark sector:
mass eigenstates 

≠  
gauge eigenstates

CKMV CP violation in SM Complexe

Quarks mixing described by 3 real parameters and one phase

Experimental  
hierarchic structure

CP violation possible in the CP violation possible in the 
SM only if SM only if  ≠0≠0

Unitarity Triangle
power expansion until 3 with   =sin(cabibbo) ≈ 0.22
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CKM Matrix: Current knowledgeCKM Matrix: Current knowledge

Compare “pure tree” 
measurements with 

“pure loop” 
measurements

CKMFitter Group (J. Charles et al.) Eur. Phys. J. 

C41, 1131 (2005) 

All measurement 
compatible between 

each other

(Compatible with SM)
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Collision de e(9GeV)/e+(3.1GeV)

ECM = m((4S)) = 10.58GeV

e+e → (4S) → B/antiB

Almost at rest at CM

Impulsion of (4S) with   = 0.56

Background: e+e → q/antiq (q = u,d,s,c) 
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The BaBar Experiement The BaBar Experiement 
(4S) data taking ended Dec 
2007 ~ 465 M B antiBs.
Have recorded ~ 30/fb on 

     (3S)  and ~15/fb on (2S).

Routinely collected data at 
40MeV below (4S) peak (off
peak data) for background 
characterization.

Finished running on April 8th
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The BaBar DetectorThe BaBar Detector

e

e+

Magnet of 1.5T

Electromagnetic calorimeter (EMC)

Detector of 
Cherenkov light (DIRC)

Drift Chamber (DCH)

Silicon Vertex Tracker (SVT)

Intrumented flux 
return (IFR)

Charged particles ID
K/  separation >2.5 until 4GeV/c2

Detection of , e identification 
and 0→  reconstruction, Measurements of Energy

Decay vertex reconstruction
of tracks near from IP

µ +/ Identification

charged particles tracks deviation 
reconstruction: angles and 
momentum measurements.

positive z axis
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The The t and tagging measurementt and tagging measurement

 The neutral B mesons are produced in a coherent B0 antiB0 state

 Flavor B tagging is made with B parner

 t measurement from z
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The Dalitz PlotThe Dalitz Plot
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t-Dalitz Plot PDFt-Dalitz Plot PDF
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sin(sin(
effeff

) from B) from B00 'K'K00

Channel have access only to sin(
eff

)

Samples of:
    B0'K0

S
 and 

    B0'K0
L
 used.

Measurements:
C = 0.16   0.07 0.03
S =  0.58   0.10 0.03

Observed mixinginduced 
CPV at 5.5 level

B0'K0
S

B0'K0
L

B0'K0
S

B0'K0
L
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