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Introduction

[1 The B decays relevant to the sin(23 + ~) have either small branching fraction
(B — DWK™) or a small asymmetry (B — D%z /p/a;)

d -+ C  px-
W+ u W d
c b

b _ u
B® g DB g 5wt strong phase 9,
weak phase 23 + vy
Cabibbo favoured doubly Cabibbo suppressed (-26 from mixing)
Ab—>c ~ u*dvcb ~ Ab—>u -~ ‘/;Zvube@N A =sinb.,
(1—A%)AN — AXiQ

[1 Contribution from only pure tree decays (no penguin)

(0 Timeevolution: |P(BY — D*Fn=, At) oc 1 & C cos(AmgAt) + ST sin(AmgAt)
P(B" — D*Tr%  At) < 1 F C cos(AmgAt) — ST sin(AmgAt)

St =

rooe —r2 BO_, px—nt
Zosin(2B+y£0) C=L1Tm1 |r=48200T0 50,02

[ small CP violating asymmetries

[1 r can not be extracted fitting C' (1 — C ~ 10_4)
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Analysis Methods
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[1 CP asymmetry is small = statistics is crucial

Events / 2.5 MeV/c’
o
S

[] Two methods of the reconstruction:
[ exclusive: low background

BO_> D*_ 0: . ‘ ‘ /\

52 5.22 5.24 5.26 5.28 5.3

L] partial reconstruction: I_,— 3B
increases  efficiency DY 00— | | -
about x10 % g o0p| lepton tags ]

Sample Yields Purity § 800 Signal\\ y

Fully Reconstructed (232 M BB) ~ ‘%% . E

DEr¥ (alltag) 150384132 87% S ]

D*iﬂ'q: (aII tag) 14002 £ 123 93% E EIDDH other peaking N

D*p¥ (alltag)  8736+101  82% = o0 ]

Partially Reconstructed (232 M BB) 200 e = .

D*=71F ({) 18705 + 273 54% AH L -

Dt T (K) 70584 + 661 31% 0 182 184 1.86 1.88

mmiss (GeV/c2)
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Exclusive B — D)F %/t

[1 exclusive reconstruction [Phys.Rev.D 73, 111101 (2006)]

[1 presence of the DCS decays on tag-side introduces
extra CP-violation [Phys.Rev.D 68, 034010 (2003)]

Events /(1 ps)

[] use abc-parameterization

a = 2rsin(23 + ) cos

b = 27r’'sin(28 + ) cos ¢’

c = 2cos(283 + ~v)(rsind — r’sin §’)

At (ps)
: Brec = D*ETU— B a0 I'X é Brec = DﬁrTl‘ Blav =1"X
- g

[1 PDF includes combinatorial and peaking backgrounc

Events /(1 ps)

[] fit all decay samples and tagging categories simul-
taneously (assume r’ = 0 for lepton tag)

a””™ = —0.010 & 0.023 =+ 0.007 i

Coy = —0.033 £ 0.042 + 0.012 |
aP’™ = —0.040 4+ 0.023 4 0.010 g

co™ = 0.049 £ 0.042 =+ 0.015 "

a”? = —0.024 + 0.031 =+ 0.009

c2r = —0.098 £ 0.055 £ 0.018 [J 3-Gaussian resolution function
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Frclusive B — DWFxE/pE (Systematics)

[1 Dominant systematic error = vertexing

[J SVT misalignment, resolution function;

[1 beam spot position and z-scale uncertainty.

BY mode D*n¥ D**r¥ D*pT 2 3500F

Source o, |o. |o, |o. |o, |o, S 3000;

Vertexing (oa¢) 0.37 | 0.64|0.80|1.14 | 0.47 | 1.15 =

Fit (o) 0.51]0.95/0.52/0.99 | 0.75 | 1.34 S 7

Model (0oa) 0.12/0.13]0.12 | 0.13|0.01|0.18 g 2000

Tagging (0tag) 0.07 |0.16 | 0.11 | 0.14 | 0.06 | 0.12 = 15007

Background (o) 0.13]0.10 | 0.10 | 0.09 | 0.28 | 0.29 1000F

m..0o Dependence (0)) | — |— |— |— 10.16/0.16 500}

Total (oot) 0.66|1.17/0.97|153|0.94|1.81 OOL404OXIL1J214f16182
mp (GeV/c?)

O In case of B" — DTp* two additional background
components were considered: B — D¥p*(1450) and
B — D¥r%xY (non-resonant S-wave)

O f(DFpt(1450) + DFr*7w0%) < 0.02 at 90% CL
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Inclusive B' — D*Tn® (Kinematical Fit)

Lepton tag
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[1 All PDF parameters are extracted from the data.
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Inclusive B' — D*Tn® (Fit results)

Lepton-tagged 900
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2rsin(23 + ) cos 0 -0.042 + 0.019 £0.010 700}
2r cos(20 + 7y) sin 0* -0.019 + 0.022 + 0.013 500f

Kaon-tagged 200

L (b)

2r sin(20 + 7y) cos 6 -0.025 4+ 0.020 £+ 0.013 138
2r" sin(26 4 ) cos ¢’ -0.004 + 0.010 £ 0.010 140;
2cos(20 + v)(rsind* —r’'sind’) -0.002 + 0.020 + 0.015 100
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N(BY—-N(B°
Ace = N(m N (B)

[1 The most precise time-dependent C'P asymmetry
measurement [Phys.Rev.D 71, 112003 (2005)]

2rsin(28++) cosd = —0.034+0.014+0.009
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Inclusive B' — D*Tr® (Systematics )

Source Error (x1072)
Lepton-tagged Kaon-tagged
ahe. o aB. BB e
1. Step 1 fit 0.04 0.04 0.10 0.04 0.04
2. Sideband statistics 0.08 0.08 0.40 0.12 0.44
3. [ 0.02 0.02 0.02 negl. negl.
4. pper 0.02 0.02 0.02 negl. negl.
5. MC statistics 0.60 0.82 0.68 0.34 0.70
6. Beam spot size 0.10 0.10 0.07 0.13 0.06
7. Detector z scale 0.03 0.03 0.02 negl. 0.03
8. Detector alignment 025 055 0.25 0.13 0.41
9. Combinatoric background CP content  0.25 0.22 0.80 0.56 0.72
10. Peaking background CP content 036 038 0.29 0.17 0.27
11. D*p CP content 053 052 0.57 0.58 0.58
12. Peaking background 021 031 0.21 041 0.31
13. Signal region /sideband difference 0.0003 0.002 0.04 0.03 0.05
14. B(B — D*Fp*) 0.17 033 0.17 022 0.33
Total systematic error 1.0 1.3 14 10 15
Statistical uncertainty 1.9 22 20 10 20

[1 Measure CP-violation in D*p would minimize CP content systematics
p y
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BY — DWFrE /ot (Summary)

aparameters HEAC

PRELIMINARY
BaBar ‘]!, -0.010+0.023 +0.007
PRD 73 (2006) 111101 '_‘“"
E Belle : |1 -0.050 +0.021 + 0.012
a PRD 73 (2006) 092003 "I | !
Average L -0.030 + 0.017
HRAG D K
T BaBar [} -0.040%0.023+0.010
— PRD 73 (2006) 111101 ’ " S
2 Belle 7 € -0.039 + 0.020 + 0.013
F  PRD 73 (2006) 092003 i
0O Average IO -0.039 + 0.017
L HRAG e
_ BaBar -0.034 + 0.014 + 0.009
g PRD 71 (2005) 112003
3 Belle -0.041 + 0.019 + 0.017
f:l PRD 73 (2006) 092003
A Average -0.036 £ 0.014
.. HFAG e
BaBar i -0.024 + 0.031 + 0.009
a PRD73 (2006) 111101 " :
O Average w -0.024 + 0.032
. HFAG ) . o : ) .
-0.3 -0.2 0.1 0 0.1 0.2

C parameter's HEAC

PRELIMINARY
BaBar ’ Lt -0.033 £'0.042 £0.012
PRD 73 (2006) 111101 " [ [
E Belle T -0.019 + 0.021 + 0.012
[a) PRD 73 (2006) 092003 iy
Average ? -0.022 + 0.021
HFAG -~
"""""""" BaBar [: 0.049 + 0.042 + 0.015
= PRD 73 (2006) 111101 :
2 Belle -0.011 + 0.020 + 0.013
F  PRD 73 (2006) 092003
0 Average 0.002 + 0.021
LA oS -2 (O
_ BaBar -0.019 + 0.022 + 0.013
_g PRD 71 (2005) 112003
@ Belle -0.007 + 0.019 + 0.017
f:l PRD 73 (2006) 092003
A Average -0.013 £ 0.018
e L I
BaBar i i -0.098 + 0.055 + 0.018
o PRD73 (2006) 11 101’;‘ :
O  Average H § -0.098 + 0.058
HFAG g :
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

0 Combined BABAR/BELLE result for B — D*¥xr® decays

2rD"7 sin(28 + v) cos § = —0.037 £ 0.011
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sin(23 + ) Constraint

[1 Use frequentistic approach
[1 Two methods of interpretation:

O |sin(28 + 7)] limit vs. r2'7;

[J use SU(3) symmetry to constraint r;

D*m partial reco

lSinc(>2E+cY)|

e 2
o

N
=) -lk
[TTTT]TTTITTITT T T TTITITITTITTT

e o <
e\ R

psags; (st .
0.01 0.02 0.03 0.04 0.05

A lower 90% C.L. limit on |sin(26 + 7)|

© 0.9
— (0.8F
0.7
0.6F
0.5F
0.4F
0.3F
0.2}
0.1 ;
0:.... TN AN AN NV Vi 0
0 0.10203040506070809 1
Isin(2B+y)|

0 Estimate r from B(B — D*77) with
additional 30% error due to SU(3) breaking

rP7™ —0.020 =+ 0.003

k
r? ™ = 0.01513:506

rPP = 0.006 &+ 0.003

| sin(28 + v)| > 0.40, 90%CL
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Perspectives (EO — D<*>OI_(<*>O)

b Vey c b Vup i
plo D0
- 708 W A
) _
B [?(*)0 N K(*)O
d B d d - d

(0 Small B ~ O(107°), estimate from
B(B" — D*K*) ~sinf, B(B" —

[1 Expect r ~ 0.4 = enable to fit C
[0 Use 226 M BB [Phys.Rev.D 74, 031101 (2006)]

D*Oﬂ'o)

EO — DOKO E — D*OKO
o E L LA D e B S B ; i T T L E
S sofF & 1o 1
3 E 3 s a
(=) 40; S [ ]
% 300 é of ]
o L o L ]
B 205 4 ‘ + '
10; 2ff | A d
0:\ Lo b b oy | \: 0:\ | TI\ L \HH\ PN R R R N \I\ \I\ \:
01 -005 0 005 0.1 01 005 0 005 0.1
. - AE [GeV] . AE [GeV]
BO — DOK*O BY — DOK*0
~ ET T T T T T T ~ 245‘ L I L B T
E 405 Z nE
g 20F
3 5 5 18t +++ +
S 30- S 16 +
— 25 - 14:
‘S 20F HFJF LT g {ﬁ?l I xl.x WJ»J( I J{f %
@ 15 f @ gh
ST H T++++ SR IR LN
5; ;; E|
0= 1 005 0 005 o1 0= 1 005 0 005 o1
AE [GeV] AE [GeV]

+7T_ ()
_ E%—w %gg*og = r5+r5+2rprp cos(y+4;)

B(B' — D'K") = (53+£0.7£0.3) x 107°
BB’ — D*K") = (3.6+12+0.3) x 10°°> [ Bayesian constraint from observables
B(B" — D'K*) = (4.0+0.74+0.3) x 107° rp<0.40 at 90% C.L.
B(B" — D'K*™) < 1.1 x 107° at 90% C.L. O Substentially larger data sample is re-
quired for sin(23 + 7y) measurement
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Perspectives (B — D<*>$aoi,2)

[J Expect large CP asymmetry (r ~ 1)

Cabibbo favoured

isospin suppressed

0 Search B” — Dfag, (SU(3) conjugate)
that have larger B

Cabibbo suppressed

isospin favoured

[] Naive factorization:
B(B" — DFaf) ~8-107°
B(B" — DFay) ~1.5-107°

[1 Reconstruction modes:
0 D — o™, KYKT KgK+
[] aan — 't (B=100,15%)

+a- +a-
DTa, DTa;
27 nn { —
1 . M| A
0 w A{
x4 — x4 o —
Ds a’O Ds a’2
2 L
1 ] _ L
0 | <m> Mﬂ \ P S | N § I — Dt J‘
5.2 5.23 5.26 5.2 5.23 5.26 5.29

[0 Use 230 M BB [Phys.Rev.D 73, 071103 (2006)]
O Upper limits at 90% C.L.

B(B" — Dfay) < 1.9-107°
BB — Dfa;) < 1.9-107*
B(B" — D*fa;) < 3.6-107°
B(B" — D*'ay) < 2.0-107*

[] Rule out the naive factorization

S.Ganzhur
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Perspectives

[0 Decay modes relevant to sin(23 + <) measurement:

[ extraction of  (talk M.Baak): B" — D r=/p= BT — D(+)

0 model independent sin(23 + v) measurement with B? — D*Fp™*

[] time-dependent angular analysis with a fully reconstructed sample;
[] the interference term between different helicity amlitudes o< 7;
[1 enhance statistics with a partally reconstructed sample;

[0 time-dependent Dalitz analysis (talk F.Polci): B" — D" K7~
[J Could be done

0 B — D*Fa; resolves two-fold ambiguity in CP angles
0 B —» D*Frx* CLEOQ partial reconstruction proved the principle
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Conclusions

[1 BABAR has very broad program to measure sin(23 + )
[0 Available results with 232 M BB:

0 B — D®W¥x* and BY — DTp* with full reconstruction technique
0 BY — D*Fx* with partial reconstruction technique

[] uses both “lepton” and “kaon™ B flavor tagging;
[] provides the most precise measurement of time-dependent CP asymmetry:

2r sin(23 4+ v) cosd = —0.034 4 0.014 + 0.009

[0 The other analyses relevant to sin(23 + )

0 B — DWOKEN (BF)
0 B — D(*Fafﬁ (BF of SU(3) partners )
0 B — D*Tp* (BF, lifetime, Am, transversity)

[1  Other potential analyses could be done:
0 B — D*Faf
0 B — D™+
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Backup

Backup slides
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Inclusive BV — D*Fr*

[0 Use a partial reconstruction technique for B? — D*Tr*
[0 PDFs
[1 PDF for on-resonance data is a sum over the PDFs of the different event types:
P = > i Pi,
where the index ¢ = {D*r, D*p, peak, comb, qq}
Pi = Mi(mmiss) Fi(F) T (At, o a1, 8,5 8,
where s, = 1(—1) for B%(BY), s = 1(—1) for “unmixed” (“mixed")
[ Analysis steps:

[] Determine f;, F,q, and Fgp from the kinematical (KIN) fit: P; = M, (myiss) Fi( £)
O Determine 7)., and 7. from fit of side-band (SB) region (1.81 < My < 1.84 GeV/c¢?)

[J Determine 7). and ’Z;’q from signal-region fit (1.845 < mpie < 1.880 GeV/c?)
using the results of the KIN and SB fits.

[0 All PDF parameters are extracted from the data.

[1 Use abc-parameterization to take into account tag-side C'P-violation effect.
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sin(26 + v) with BY — D*Fp*

[0 20.7fb~'- 5500 events

[1 In addition 690 peaked events
from B — D*Taf

%25 185 1855 186 1865 1§ 1875 05 06 07 08 09 1 |:| qq Continuum iS d dominant
Missing mass (GeV) m(rho) (GeV)
| background
~ [T T |:|S|gnal
8,900 Peak. BB 1
=2 0 200fb~"- about 55000 non-
=700F omb. BB .
£ 60 O continuum tagged signal events

77 200fb~"- 6000 (20000) events
for lepton (kaon) tag

45 -4 35 -3 25 2 -15 -1 -05 -15 -10 -5 0 5 10 15
Fisher Decay Time Difference (ps)
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Tag-side CP-violation

[0 Only one decay amplitude for B —
D*Fl*v = no CP-violation

[1 Partial

reconstruction

number of events (88 M BB)

[1 117600 (561900)- lepton (kaon) tag

[1 Expected
o[2r'sin(23 + ~)] ~ 0.008

statistical

provides

large

error

[1 Use lepton tag as a validation check

:3/12/08 20.25

LeptUnmixed

entries/ 0.1
©
8
e

« data

700 - ] O

[ [ other

600 -l B*

- I combinatoric
5000 = [ continuum

g

¢

-2 0 2 2
M2 (Gev/ch)

2250 - LeptMixed

3 * data
[t 18°
1750 F [ other
. mmB
1500 - [l combinatoric
I continuum

0 covidd
M, 2 (Gev/c)

10000F
7500 Unmixed BO Prompt
5000; B+ Signal
E Combinatorial
2500~ Continuum
0:\ P Y

L Mixed

L L ] L ] L L ] L1 L1 ] L L L1 L L ] L1 L1 ‘ L1
10 -75 5 25 0 25 5 75 10
At(ps)

[1 The most precise measurement of the
lifetime and Am [Phys.Rev.D 73, 012004 (2006)]

TB, = 1.507 £ 0.008 £ 0.030 ps
Amp, = 0.523 £ 0.004 £ 0.007 ps—*
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