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Introduction

¥ Interference of different tree diagrams with V,,;, (— ¢3) through BB
mixing (— 2¢,)
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Introduction

¥ Interference of different tree diagrams with V,,;, (— ¢3) through BB
mixing (— 2¢,)

“ Time-dependent asymmetry can be derived using the relation,

D(B°(At—[))-T(B°(At—f)) _ .
(Bt P FT (B (A T)) — Ssin(Amyg) — C cos(Amy)

ST = —2 Rsin(2¢;1 + ¢3 £ 0) = x1
for B — D**x7 final states  (|C| = (1 — R?)/(1 + R?) ~ 1)
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Introduction (Cont'd)

D*t partial

HFAG notation:
St4+5- St—5-

aparameters EEXS SRR 7 C= >

BaBar
PRD 73 (2006) 111101

Belle
PRD 73 (2006) 092003

Average
HFAG

PRD 73 (2006) 111101

Belle
PRD 73 (2006) 092003

Average

HFAG

BaBar
PRD 71 (2005) 112003

Belle
PRD 73 (2006) 092003

Average

BaBar
PRD 73 (2006) 111101

Average
HFAG

PRELIMINARY
-0.010 + 0.023 + 0.007

-0.050 + 0.021 + 0.012
-0.030 + 0.017
-0.040 £ 0.023 £ 0.010
-0.039 + 0.020 + 0.013
-0.039 + 0.017
-0.034 + 0.014 + 0.009
-0.041 + 0.019 £ 0.017
-0.036 + 0.014
-0.024 + 0.031 + 0.009

-0.024 + 0.032
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D*t partial

aparameters [EEXS

BaBar
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Average
HFAG
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PRD 73 (2006) 092003

Average

HFAG

PRD 71 (2005) 112003

Belle
PRD 73 (2006) 092003

Average

BaBar
PRD 73 (2006) 111101

Average
HFAG

PRELIMINARY

-0.010 + 0.023 + 0.007

-0.050 + 0.021 £ 0.012

-0.030 + 0.017

-0.040 + 0.023 £ 0.010

-0.039 + 0.020 + 0.013

-0.039 =+ 0.017

-0.034 + 0.014 + 0.009

-0.041 £ 0.019 £ 0.017

-0.036 + 0.014

-0.024 + 0.031 + 0.009

-0.024 + 0.032

HFAG notation:

ST4+S—
92

StT—S~
2

a = , C =

HFAG average for D*r | |:
(full and partial, Babar and Belle)

a = —0.037 = 0.011

c = —0.006 = 0.014

*
pPn B

PRELIMINARY
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Introduction (Cont'd)

AD: CFD fraction B(B" — D* w") is large (2.76 x 107).
. the amplitude ratio is not sizable,
R=A(B’— D*"nm7)/A(B® — D* ") ~ 0.02.
: B — B® — D*tx~ (CFD) is large compared to the DCSD
amplitude.
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Introduction (Cont'd)

AD: CFD fraction B(B" — D* w") is large (2.76 x 107).
. the amplitude ratio is not sizable,
R=A(B’— D*"nm7)/A(B® — D* ") ~ 0.02.
: B — B® — D*tx~ (CFD) is large compared to the DCSD
amplitude.

Two possible ways for reaching R :

* B BY— D>|<Jr -
[t = tan ecig* \/BEBOHD* 7T+§

allowing the error from the assumption of SU(3) symmetry.
R — TR0 2B B+—>D*+7T )

as suggested by Dunlez, PLB 427 (1998), using the isospin
relation.
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BY — D*r partial reonstruction
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BY — D*r partial reonstruction

tag-side B

High-momentum lepton is required in tag-side.
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BY — D*r partial reonstruction

D)+
TS
tag-side B .7 .. >
— ot . (not used for vertex)
l L CORRERR > EO
C'P-side B

_|_
Ty

High-momentum lepton is required in tag-side.

Two charged pions must have high and low momentum.
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BY — D*r partial reonstruction

tag-side B

. (not used for vertex)

L CXXEERR > ﬁO

C P-side B |
iy

At = (Az + offset) /B¢

High-momentum lepton is required in tag-side.
Two charged pions must have high and low momentum.
Vertex positions are obtained from single tracks.

Proper-time difference can be derived from Az.
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Yield extraction for BY — D*r

R 008 006004 002 0 042 004 0.06

C} D*7 signal
-

correlated bkg.
oo

uncorrelated bkg.

- (qq, D)

Fit in two kinematical dimensions: 7, momentum along the opposite
direction of 7 (p;|) and momentum difference between w; and D* (ps).

Experiment Nggs | Nsig insignal region | S/(S+ B) | cut for lepton
Belle (PRD 73, 092003 (2006)) | 386 M 21,773 &£ 214 66% > 1.2GeV/c
Belle 2008 Summer 657 M 50, 196 + 286 59% > 1.1GeV/c
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C'P fit

Unbinned ML fi t :
to minimize the quantity —2 > . 1In £,

£7j — fD*ﬂ'PD*ﬂ' =+ fD*pPD*p =+ funcopunco =+ fcorrpcorr
Time-dependent decay rates :

P(BY — D**1F) = (1/871g0)e 12 /1po[1 F C cos(AmAt) — ST sin(AmAL)]
P(B° — D**7F) = (1/87g0)e 12 /150[1 — C cos(AmAt) T S* sin(AmAt)]

Mistagging :
taken into account in the fi t,
P(l,m;)=(1—- )PB*—=D*n)+(1—- )P(B"— D*n) (wy/— ~5%)

Detector resolution function :
J /¢ events are analysed and Az = z,+ — z,- is used.
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Az Tit results

w*nbins = 86477

A

-lELE -0.15-0.1-0.05 -0 0.05 .1 0.15 0.2
Azicmi

Ainbins = 125.1/80

570.15 -0.1-0.0

) 0.1 0.15 0.2
Azicm)

ynbins =122 879

ﬂﬁﬁﬁ{[:a‘m}ﬂ.ﬂﬁ 0.1

correlated bkg.
(D**m, D*ay)

uncorrelated bkg.
(qq, D)
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Az Tit results

wnbins = 86.4/77 yinbins = 122 879

,j/;l N L) ormsons

lELE -0.15 -0.1-0 =0 D0.05 1 0.15 0.2} -%.2-&.15 -0 -ﬂ.ﬂ -0 ..{IE 0.1 015 0.
& Azicm)

1B
atl

yinbins = 125.1/80 ] wmbins = B3.477
correlated bkg.

(D**m, D*ay)

m uncorrelated bkg.

570.15 0.1 -u.ﬁﬁgm]u 0.1 0.15 0.2 95615010 08 -0 0051 0.15 0.2 (qq, D)

SF (same flavor)
. 7 and tagging lepton have same charge
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Az Tit results

w*nbins = 86477

83%.75-01-0.05 -0_0.05 0.1 0.15 0.2

Ainbins = 125.1/80

570.15-0.1-0.05 -0 0.05 0.1 0.15 0.
Azicm)

OF (opposite flavor)

ynbins =122 879

wmbins = B3.477

AN

93576.15-01-005 0 0.05 0.1 0.15 0.2
Azicm)

D D*7 signal

correlated bkg.
(D**m, D*ay)

uncorrelated bkg.
(qq, D)

. m¢ and tagging lepton have opposite charge
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Az Tit results

y3inbins = B6.4/77 yinbins = 122 879

i& (] D signal

- ol 5.
-0.2-0.15 -0.1 -n'oﬁ.&zfgm?"}s 0.1 015 0.2 -E.E -0.15 -0.1 -'ﬂ.ﬂ%ﬁgm}ﬂ.ﬂﬁ 0.1 0.15 0.2

+
atl

Tl soof

Ainbins = 125.1/80 400

saisk correlated bkg.
200f (D**m, D*aq)

100f W uncorrelated bkg.

3015 01-005 0 00501 018 02 i) ' p (qq, D)
Azicm)

S+ =0.057 £ 0.019 (stat.), S— = 0.038 & 0.020 (stat.)
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C' P asymmetry

N_—,—(Az)—N (Az _(Az — .+ (Az)
A = < _i_ EAZ%—FNﬂ-iii Azi (SF) A _ 77+z (Az)—N l+( (OF)

=0.2-0.15-0.1-0.05 -0 0.05 0.10.15 0.2 '“-ﬂ.z—o 15-0.1-0.05 -0 0.05 0.10.150.2
Az(cm) Azicm)

-16.0-120-9.0-4004.09.0 12.0 16.0 -16.0-120-9.0-4004.09.0 12.0 16.0
At(ps) At(ps)
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C' P asymmetry

./4— ——(Az)—N, 4,4 (Az) (SF) A = N +,—(Az)—N, 4 (Az) (OF)

N a—1— (AZ)—f—N _|_l_|_ AZ) N _|_l (AZ)—f—N l_|_(AZ

DF Asymmetr

'”3.20150 10.05-0 0.050.10.150.2  ~0:9.2-0.15-0.1-0.05 -0 0.05 0.10.15 0.2
Aem) Jz{cm}

-16.0-120-9.0-4.004.09.0 12.0 16.0 160 -12.0-9.0 -4.0 0 4.0 9.0 12.0 164 ..
At(ps) At(ps) preliminary

St =0.057 £ 0.019 + 0.012 . a = 0.047 = 0.014 = 0.012
St =0.038 +0.020 4+ 0.010 c = 0.009 =0.014 = 0.012
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C' P asymmetry

(Az)—N_ (Az) __ N_ (Az)—N__ 4+ (Az)
A= ¥ omgmtag SF) A= Fiayyxy (OF)

DF Asymmetr

'“3.20150 10.05-0 0.050.10.150.2  ~0:9.2-0.15-0.1-0.05 -0 0.05 0.10.15 0.2
Aem) Jz{cm}

-16.0-120-9.0-4.004.09.0 12.0 16.0 160 -12.0-9.0 -4.0 0 4.0 9.0 12.0 164 ..
At(ps) At(ps) preliminary

St =0.057 £ 0.019 + 0.012 a =0.047 3 0.014 4= 0.012
>

ST =0.038 + 0.020 £ 0.010 significance of CPV is 2.60
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Systematic uncertainties for S=*

Source Sy ST
Az offsets 0.002 | 0.003
Ry 0.002 | 0.003
Raet 0.002 | 0.002
Rup 0.008 | 0.007
Background param. 0.004 | 0.004
Phys. param. 0.004 | 0.004
Yield fi t 0.003 | 0.003
Resol. model 0.006 | 0.002
Az offsets fbated in bkg. | 0.002 | 0.003
Total 0.012 | 0.010
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Updated HFAG average

Belle result using partial reconstruction
aparameters & IS updated from the previous plot

PRELIMINARY

BaBar : -0.010 £ 0.023 + 0.007
PRD 73 (2006) 111101

Belle i -0.050 + 0.021 + 0.012
PRD 73 (2006) 092003 ;

Average ; -0.030 + 0.017
HFAG —

..........................................................................................

-0.040 £ 0.023 £ 0.010

PRD 73 (2006) 111101

Belle :  -0.039 + 0.020 + 0.013
PRD 73 (2006) 092003 :

Average -0.039 + 0.017

-0.034 + 0.014 + 0.009

' . -0.047 £ 0.014 £ 0.012

ICHEP 2008 preliminary

D*1t partial

PRD 73 (2006) 111101

Average -0.024 + 0.032
HFAG

..............................................

-0.024 + 0.031 + 0.009
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Updated HFAG average

Belle result using partial reconstruction
aparameters & IS updated from the previous plot

PRELIMINARY
BaBar : -0.010 + 0.023 + 0.007

PRD 73 (2006) 111101 : .
Belle }  .0.050 +0.021 £ 0.012 HFAG average for D*7 | ]:

PRD 73 (2006) 092003

Average 0.030£0.017 (full and partial, Babar and Belle)

HFAG

..........................................................................................

ESDB% ) i -0.040 £ 0.023 £ 0.010 a4 = — O . 040 :I: O . O 1 O

Belle :  -0.039 + 0.020 + 0.013
PRD 73 (2006) 092003 :

Average ¢ = —0.007 £ 0.012

-0.034 + 0.014 + 0.009

' . -0.047 £ 0.014 £ 0.012

*
s,

ICHEP 2008 preliminary

PRELIMINARY

D*1t partial

...........................................................................................

-0.024 £ 0.031 + 0.009
PRD 73 (2006) 111101

Average -0.024 + 0.032
HFAG
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Estimate for R

IS to be derived from S using the relation,
S* = —2 Rsin(2¢; + ¢3 £ 9).

201 + ¢35 results in Belle (prp 73, 092003 (2006)) were assuming
SU(3)-breaking effect as 30% on R.

Very recent publication from Babar (prD 78, 032005 (2008)) IS
mentioning the effect as 10% — 15%.
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S* = —2 Rsin(2¢; + ¢3 £ 9).

201 + ¢35 results in Belle (prp 73, 092003 (2006)) were assuming
SU(3)-breaking effect as 30% on R.

Very recent publication from Babar (prD 78, 032005 (2008)) IS
mentioning the effect as 10% — 15%.

Another way using has not been tested for a
decade due to its small amplitude.

B(Bt — D*'x%) < 1.7 x 10~* (90% C.L.) was only available from
CLEOQO'’s results, prL 80, 2762 (1998).
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Estimate for R

IS to be derived from S using the relation,
S* = —2 Rsin(2¢; + ¢3 £ 9).

201 + ¢35 results in Belle (prp 73, 092003 (2006)) were assuming
SU(3)-breaking effect as 30% on R.

Very recent publication from Babar (prD 78, 032005 (2008)) IS
mentioning the effect as 10% — 15%.

Another way using has not been tested for a
decade due to its small amplitude.

B(Bt — D*'x%) < 1.7 x 10~* (90% C.L.) was only available from
CLEOQO'’s results, prL 80, 2762 (1998).

Assuming R = 0.02, and with B(B® — D* 7t) = 2.76 x 10~ from
PDG, B(B* — D* %) = 5.9 x 1077
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Bt — D*t7Y reconstruction

“ 4 sub-decay modes are combined in reconstruction.
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4 sub-decay modes are combined in reconstruction.

Likelihood is calculated through the combination of SFW, cos 635,
Az and cos 6;,.
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Bt — D*t7Y reconstruction

“ 4 sub-decay modes are combined in reconstruction.

“ Likelihood is calculated through the combination of SFW, cos 0,
Az and cos 6;,.

“ Its requirements are applied with the favor information, for the

maximal point of S/v/S + B in the signal region ( |[AE| < 0.1 GeV,
5.27GeV/c? < My, < 5.29 GeV /c?).
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Extraction of BT — D**x% event and R

Two-dimensional unbinned extended-ML fi t
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Extraction of BT — D**x% event and R

Two-dimensional unbinned extended-ML fi t

— D*t7Y signal

— total

. BY D*+p_

=
(b
S
AN
(@)
o
~
(75
-
c
(<]
>
Ll

— — other BB bkg.

- q bkag.
.22 5.24 5.26 5.28 5.3 449 b9

. (GeV/c?)
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Extraction of Bt — D** 7' event and R published in PRL 101,
041601 (2008)

Two-dimensional unbinned extended-ML fi t

D* 70 signal

total

. BY = D*tp~

=
(b
S
AN
(@)
o
~
(75
-
c
(<]
>
Ll

other BB bkg.

L S TR T PP ) 0 b= q bka.
01 0 01 0.2 5.2 5.22 524 526 5.28 5.3 44 DY

AE (GeV) M, (GeV/c?)

Signal event is extracted as 4.5 in the signal region from 657 M
BB pairs (¢ = 0.56% from MC).

B(BT — D*t7%) = [1.2F 5 (stat) oo (syst)] x 10~°
(<3.6x107°% at 90% C.L.) — R <0.051 (90% C.L.)
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Main systemtaic uncertainties for B(B* — D**x?)

Source Systematic error

(number of events)

+0 —0
|Hy| of B® — D*Tp~ 0.7 1.9
AFE shift of BY — D*Tp~ 0.0 —0.6
Fraction of backgrounds 0.8 —0.4
Gaussian width of 0.5 —2.0
background PDF
2D correlation for ¢gg 0.0 —1.3
and Bt — D*TqY
Fit bias 0.0 —0.5
Quadratic sum 1.2 —3.2
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Summary

a=0.047£0.0144+£0.012 ¢=0.009=0.014 = 0.012
CPVin B — D* =« is found to be 2.60 from lepton-tag analysis of
657 M BB pairs at Belle.

BBt — D*n%) <36 x107° R <0.051 at90% C.L.

from isospin relation. Estimate of R is still much better in
SU(3)-related measurement. (Much data will be needed for using
Isospin, ~ x10 or more ..)

Weak phase 2¢, + ¢5 can be extracted using S*. Additional
kaon-tag analysis will be achieved in near future. SU(3) symmetry
will be used to obtain 2¢; + ¢3, at that time.
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Backup slides
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Other systemtaic uncertainties for B(B+ — D**7Y)

Source Systematic error (%)
+o
L requirement 3.0
AM requirement 3.3
Secondary branching fractions 3.3
Track fi nding effi ciency 5.1
Particle identifi cation 4.4
7V reconstruction 4.1
K? reconstruction 0.3
MC statistics 0.5
Number of BB pairs 1.4
Quadratic sum 9.8
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Experimental and theoretical estimate for R

« |B(BY—D!Tx—
IR = tan (90 ;g* \/BEBOHD*_W"‘%

Belle prD 73, 092003 (2006)
R(%) = 2.0 £ 0.7 (stat and syst) +0.6 (SU(3)-breaking)

Babar PRD 78, 032005 (2008) (for R(p«r))
R(%) = 1.817016 (stat) 0.09 (syst) +£0.10 (fp)
+ SU(3)-breaking (10 — 15% on R)
— still 15 — 20% error on R

—  B(B' — Ditr) =[26102402] x 107°
B(BY — D* n) =[2.76 £ 0.13] x 1073
fp</fpx =1.24 £0.07 (lattice QCD)

W-exchange contribution (only seen in B® — D**77) is included
(~ 5%) in SU(3)-breaking.
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