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I nt r oduct ion and Mot ivat ion

Hist or y of Measur ement s

Time dependent CP Asymmet r y in B0        122MBB)

Updat e of B0 227M BB)

Const r aint on Unit ar it y Tr iangle angle 

Out lineOut line
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CP St udy in B0 -> Decays CP St udy in B0 -> Decays 
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Pure CP = +1

Transverse is
Non-CP 
eigenstates

BR(B0 10 6 f L =5430
04.0
03.003.099.0

( hep-ex/0404029, submitted to PRL )

I t is almost a pur e CP eigenst at e (CP =+1)

The branching fraction of - is 5 times larger than B0->

is a mixt ur e of CP even/ odd! 
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Mot ivat ion:  Measur ing Mot ivat ion:  Measur ing 
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dominat es

Determine CKM angle arg[-(Vtd Vtb*)/(VudVub*)]= S+-

B phys(t) -> -) (B0
phys(t)-> -)

B phys(t) -> -) + (B0
phys(t)-> -)

= S+-sin( mt) C+- cos( mt) 

I f t he decay is dominat ed by t r ee amplit ude, t hen S+-= sin(2 )
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Mot ivat ion:  Measur ingMot ivat ion:  Measur ing

But ...cont r ibut ion f r om
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Penguin

I nt er f er es wit h Tr ee:
ACP(t ) sin(2 eff)

eff = + peng

dir ect ACP 0 
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Mot ivat ion: The Squashed Tr iangles in B->Mot ivat ion: The Squashed Tr iangles in B->
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BAAGronau &  London, 

PRL 65, 3381 (1990)

Advantage :  
BR(B0-> )/BR(B0-> -) < 0.07 (90 % C.L.)

vs. BR(B0-> )/BR(B0-> -)  0.33 0.07 [Z. Ligeti, ICHEP04]

The triangles are squashed in B-> decays

A00 small Grossman-Quinn bound  [PRD 58, 017504 (1998)] 
Gives same bound on peng
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Challenges and Assumpt ionsChallenges and Assumpt ions

Theoretical limitations:

Assume Isospin symmetry, neglect EW penguin  [Z. Ligeti ICHEP04 ]

We neglect interference with other decays to final states  or other 
resonant modes (a1

+ - , + - 0, - 0 - 0) 

I=1 decay amplitudes are also neglected.  I=1 absent due to  Bose statistics 
but reintroduced by the finite .. 

(Falk, Ligeti, Nir, Quinn, Phys. Rev. D69:011502,2004)

Exper iment al challenges:
Two 0 in the final state.

is broad ( ~150 MeV)!
Many sour ces of B backgr ounds 
(charm and charmless decays).
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Review of B-> measur ement sReview of B-> measur ement s

BR  and f L measur ement s:

f L=1.0* B0

B0

* B+

f LBF (10-6)Mode

8.55.22 7.5
4.5

)CL%90(1.2

04.097.0 03.0
07.0

* PRL 91, 171802 (2003)  (BaBar)

hep-ex/ 0404029, submit t ed t o PRL (BaBar)

)( 000BBF

5430 04.0
03.003.099.0

BB89M

Time dependent B0-> f r om 123 M BB 
Updat e of                         in t his t alk (227 M BB)

CLong = -0.17 0.27 0.14
SLong = -0.42 0.42 0.14

SLong and Isospin bound yield: 
O 5

4
16
12 13102 pengsyststat
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CP(t ) in B0 DecayCP(t ) in B0 Decay

Reconst r uct                  candidat es combine 
Find ver t ex posit ions of and ot her B meson 
Tag f lavor of  
Comput e t =t CP-t tag

0
CPB

CPB tagB

tagB

Fit par ams

))cos()sin(1(
4

)(

))cos()sin(1(
4

)(

/||

)(

/||

)(

00

00

tmCtmS
e

tf

tmCtmS
e

tf

TranTran

t
Tran

BB

LongLong

t
Long

BB

Set to 0 since fL 1



August 31, 2004                Haibo Li  Wisconsin 10

8 discriminating variables
mES , E, NN output and t (m 1, m 2, cos( 1), cos( 2)).

4 types of events:
True Signal and Misreconstructed signal 

Longitudinal (fraction of misreconstruction: 42%),
Transverse (fraction of misreconstruction: 15%).

Continuum.
floating parameters to model PDFs

B backgrounds:
Charmless B background (B0 + -, B+ 0 + . ).
Charm B (b c) background.
17 distinct PDFs!!!

Likelihood:
The likelihood is t he sum over t he t ypes of event s of t he t er ms :

Pdf(NN) Pdf( E) Pdf( mB ), Pdf( t) Pdf( m 1) cos( 1) Pdf(m 2) cos( 2)

I n a simult aneous f it we measur e: signal yield, polar izat ion, Clong and 
Slong..

Maximum Likelihood FitMaximum Likelihood Fit
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in B0 Decayin B0 Decay

Run1-3 data (122M       ) Preliminary

32133 events in fit sample: 87% of backgr ound is 
cont inuum, 13% B backgr ounds

BB

Events with cleanest tags

mES E

Fit: total

Fit: bkgd

314±34 Signal Event s  (205 t agged)      f L=1.00±0.02

BaBar prelim BaBar prelim

After cuts on 
likelihood ratio



August 31, 2004                Haibo Li  Wisconsin 12

cp in B0 Decaycp in B0 Decay

Run1-3 dat a (122M       )BB

0B

0B

CP

)(14.0)(24.023.0

)(11.0)(33.019.0

syststatC

syststatS

long

long

t (ps)

BaBar prelim

Main systematic: CPV in B bckground
Detail study of B background : 
209 charmless B decay simulated.

      ,

      ,  ,   
0BB

aBaBcharmB
0

11,

Comprehensive study of systematics
due to interference of signal mode with 
other decays to final states

Prelim studies show it s not large
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C
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Sear ch f or B0Sear ch f or B0

mES E

Dominant Syst

a1 interfer:  ±7.5 events

PDF variations:  ±6 events

B bkgds:  ± 5.8 events

BaBar prelim BaBar prelim

Analysis description similar to
that of B0

Updated with Run1-4 data 
(227M  BB)

BB background
.).%90(101.1)(
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Const raint onConst raint on

Preliminary update on a constraint:
BaBar BF( BF( ) and Slong and Clong

World average BF( )=                          (HFAG)

O 1141096 pengsyststat

Run1-2 result:
O 5

4
16
12 13102 pengsyststat

61.6
4.6 10)4.26(

prelim

From measurement
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Const r aint s on Using BaBar
, , and Measur ement s

Const r aint s on Using BaBar
, , and Measur ement s

from , , only 

from full CKM fit

K, Vub, md,s, sin(2 ))

O10
11)103(

Mirror solutions being          
disfavored!

From full CKM fit:

http://ckmfitter.in2p3.fr/
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ConclusionConclusion

Fir st measur ement of ACP(t ) in B0 decays
Updat ed (2004) wit h Run1-3 data (122M      ) 

Limit on
Updated with full Run1-4 sample (226.6M       ) 
Low BF allows f or r elat ively clean measur ement of via 
isospin relations!

I mpor t ant milest one f or B-Fact or ies!

Coming soon updat e of ACP(t ) in B0 wit h f ull 
Run1-4 dat a sample and impr oved analysis

BB
)( 000BBF

BB

O 1141096 pengsyststat
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Backup SlideBackup Slide

A00 small Gr ossman-Quinn bound PRD 58, 017504 
(1998).  Gives same bound on peng
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Backup SlideBackup Slide

Dist r ibut ions of ± helicit y and mass  f or dat a
Clear demonst r at ion of st r ong longit udinal polar izat ion
from helicity distribution.

BarBar preliminary
cos(H ) m
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Backup SlideBackup Slide

Const r aint s in 
t he plane:
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