Time-dependent v measurements at BABAR

Ada Rubin

lowa State University
BABAR Collaboration

6th International Workshop on the CKM Unitarity Triangle
University of Warwick, UK
September 8, 2010




Over-constraining the UT angle v

@ Test the SM, look for new physics, check for consistency with
=R indirect, high statistics measurements

— @ Most precise measurement of v from CKM fit
s (67.2 4 3.9)°(CKMfitter), (67.3 + 4.8)° (UTfit)
N, d Error~ 6 — 7%

@ Direct measurements: (71725)°, Error ~ 35%

amg

@ Extract v from sin(23 + ~) with TD analyses of 5°B°
@ Interference between V., Vi from relative weak phase e
@ 23 from B°B° mixing

@ Why?

@ Theoretically clean compared to time integrated methods
@ Tree level only - no penguin contributions.
@ Purity of the D)7 modes

@ Possibility of large asymmetries in B% — D°)KQ modes

s
P

@ But  is the most difficult angle to measure directly

@ Smaller branching ratios & reconstruction efficiencies
p — m from sin(23 + ~) @ CP violating effect in each mode depends on the (small) ratio of
magnitudes of Vi, : Vg




Summary of BABAR results of ¥ measurement via TD

methods

@ Measurement of Time-Dependent CP-Violating Asymmetries
and Constraints on sin(23 + ~) with Partial Reconstruction of
B — D*Fx* Decays
Phys.Rev.D 71, 112003 (2005)
232 x 108 BB pairs

@ Measurement of time-dependent CP asymmetries in
BY —» D™=xF and B® — D*pT decays
Phys.Rev.D 73, 111101 (2006)
232 x 10° BB pairs

@ Time-dependent Dalitz plot analysis of B — DTKx* decays.
Phys.Rev.D 77, 071102 (2008)
347 x 108 BB pairs

@ Measurement of B® — D(*)9K(*)0 Branching Fraction
Phys.Rev.D 74, 031101 (2006)
226 x 108 BB pairs



Introduction to B — D)7+ /p* decays

Favored: V., ~ 0.04 Suppressed: V,, ~ 0.004
d ¢ pe-

wH i E“ w- i Ed

b ¢ _ b u

BO d— BO g—d—

T
The TD decay rate

@ ="\ [1 — Biag(a + BragDiagh + DtagC)sin(AmAL) + BragDiagcos(AmAL)]

@ Byog = +1(—1) for BY(BP), Drag = +1(—1) for D*)+(Dt)—)
@ CP parameters

a=2rsin(283 + ) cos §

b = 2r' sin(28 + ) cos &’

c=2cos(28 + v)(rsind — r'sind’)

1 refers to CKM suppressed decays of the tagging B; r,’eplon =0, r;ann =r

e
D*~

A Vip Vi e
@ All CP parameters oc r = |SA“iLesf:d\ — | 27| ~ 0.02 = very small & difficult to measure
favore cb Yud
[ (BABAR
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Partial reconstruction

@ Why? Large single mode signal samples, but more bkg
@ Only B — D*xp, D* — D%7s reconstructed
@ Hard pion 7, from B, soft pion s from D** used

@ Missing mass: Ave.(1/|pp(cos(¢))|2) of min,max over ¢

@ ¢ — unknown dir. of B® (azimuthally about =)
@ Peaks @ D° mass

@ Resolution ~ 3 MeV/c?

Procedure

@ Exiract sig, bkg fractions & PDF params from 2D MLL fit to
Mpiss X F (Fisher Discriminant)
sig sig
o Nlep = 18710 &+ 270, N, ., = 70580 + 660
@ Fix parameters for the next step

@ Extract At bkg params from MLL fit to mp,ss x F x Atin
the sideband 1.81 < Myss < 1.84 GeV/c? and fix

@ Extract At sig params from MLL fit to mp,ss x F x Atin
Mpiss > 1.845 GeV/c?



Results: partially reconstructed B — D*Tr*

Phys.Rev.D 71, 112003 (2005)

Lepton tags Kaon tags
Parameter Value Parameter Value
ap. . —0.042+0.019 + 0.010 aé*ﬂ —0.025 + 0.020 + 0.013
bg*w —0.004 +£0.010+ 0.010
Chep —0.019+0.022 + 0.013 | cf. —0.003 + 0.020 + 0.015
AMps 0.518 £0.010 ps T Amp«, 0.4911 £0.0076 ps— T
TDs (1.48 £ 0.02+0.02) ps | Tp-n (1.49 + 0.01 = 0.04) ps
a 0.1 T T
< (a) Lepton
0.05)
2 4
o- | =
008 | + @ Raw, TD asymmetry
Np,,,=1(At)=Np,, —1(At)
T 0 5 10 A(At) = N a9 ADLN a9 Al
A(pS) Brag=1 (A1) +Npg=—1(Al)
2 ") Kaon @ In the limit of no bkg + high statistics =
R SEE A(At) is sinusoidal if ap«, # 0
o +++ T , :
. ® Am & 7 in good agreement with PDG
T 0 5 10 i
At(ps)
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Results: partially reconstructed B — D*Tr*
Phys.Rev.D 71, 112003 (2005)

Interpretation of results in terms of sin(25 + )

BB =D =) fpx

@ Must estimate r due to low statistics r = B0 =) To;

tan(6¢) = 0.01575:994 1 30%

theoretical uncertainty
to account for:

@ Small but unknown contribution of exchange diagram amplitudes (< 10%)

@ Ratio of decay constants ;g—: to take into account SU(3) breaking & factorization
s

@ |sin(28 + )| > 0.62(0.35) @ 68%(90%) CL

-l E
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' 08
07

ettt
%01 02°0.

.6 0.7 08 09 1
[sin(2B+7)|




TD analysis of fully reconstructed B — D*Fr* /p*

Phys.Rev.D 73, 111101 (2006)

%9 3
% 6000 o B - Dn
g 4000 Prjrily: 87.0+0.3% Why? . . .
S [ Yield: 15038+ 132 @ High purity and signal
< 2000 - ylelds
> C
5 F Reconstructed modes
- 0F @ D+t — DOt
6000 |- )
r BoDz o D0—>K_7T+,
4000 [ Purity:032£02% K= nt 70,
C Yield: 14002 + 123 K_7r+7r_7r+, K§w+7r‘
2000 - @ ot ata®
ok Procedure
2000 E - @ Extract signal &
E o background fractions &
- Purity: 81.7 £ 0.4 %
2000 - vire gv3ss 101 MEs P_DF params from
E e MLL fit to mgs and then
1000 fix
e rerrevoreresereeeeenesmaitd o - .\ @ Extract CP params
0 1 1 1 1 .
52 522 524 526 5.8 53 from 2D MLL fit to
mgg (GeV/c) mgs X At ig ABAR

Peaking bkg ~ 1 — 2%

8/17



Results of fully reconstructed B — D*Tn*/p*

Phys.Rev.D 73, 111101 (2006)

Ewp ooe ooy o GP parameters L
m /\ ap, = —0.0100.02340.007 8235
| b = —0.03340.04240.012 07
M M apr = —0.04040.0234+0.010 03
Chen = 0.049+0.042:£0015 03

aw ap, = —0.024 £ 0.031 4 0.009 0.1¢

2 B =D'm B, =IXf B,=D"n B, =I'X X () B
;:::c) /\ o /\ C[Dp — _0.098 4 0.055 -+ 0.018 0 010203040506 0.|7Sil(1J.(2;B(19Y)|1
+ —— .| Interpretation of results in terms of sin(23 + v)

@ Combined CP results from partially reconstructed B — D*Fr+
study

@ Used same r with 30% theoretical uncertainty

@ |sin(28 + 7)| > 0.64(0.40) @ 68%(90%) CL

Events/(1ps)

4,

f ELTEY

9/17




TD Dalitz plot analysis of B® — DTK7r*

@ Why?
@ Avoids limitation of small r(b — u: b — ¢) ~ 0.02
@ For this three-body B-decay r has been estimated to
be as large as 0.3 in some regions of the Dalitz plot

@ Ultimately, sin(23 + ~) from this measurement has
very little dependence on the value of r

o @ Final state reached through the following intermediate
states

]
g
N

Qo calaol

@ ® @ BY — D**0KY (right column, color-suppressed) with
D**0 = {Dy*(2400), Dj;*(2460)}
. 7 @ BY — D—K** (left column, tree-level) with
K* = {K*(892), K:(1430), K; (1430), K*(1680)}
@ Dt 5 Kntn—
@ Small contribution from B® — D} (2573)7~ expected
@ CP sensitivity of B — DT K7+ comes from
interference between
9@ b — ¢ (b) & b — u (d) transitions of D**0K?
© D**°KQ b — u (d) & D~ K** b — ¢ (a) decays

ol

=
Al
2ol oalac

29

(c) (d)
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N;“ 160F
S 140~
§ 120- @ Extract fit parameters & yields from 3D MLL fit to
2 100 JI % mgs X AE x F
I soH Ngjg = 558 + 34
g OO B # ¢ @ Fix parameters for next step
e . .

200 ‘\\ @ Fit TD Dalitz plot

0347355 306 327 558 3.29
myg (GeV/c?)

TD Dalitz plot PDF

,J_it
2, p2 =
Bethu w278 % {1 — DiagBiagCCOS(AMgAL) + BiagSp,,Sin(AmyAt)}
with:
i(2B4~)+Diaqi(dc—du)
2Im(AcAue g

9 Sp,, = 2 e )
@ C= Ac_Azzl

AZ+A2
@ Ac, oc = Amplitude, strong phase at each point of the Dalitz plot for b — ¢

@ Ay, u = Amplitude, strong phase at each point of the Dalitz plot for b — u
@ Unable to determine A, = fix the ratio of Ay/Ac = 0.3
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Results of TD Dalitz plot analysis of B° — DTK%x*

Phys.Rev.D 77, 071102 (2008)
Dalitz plot PDF projections on data:

Emlé L :E.m t 32007 b)
Z am| - f 2150
= I 3 = .,
S T e
[T} I = . N
100] 1 r - A b 50
Lan-t“J- .‘!.1 rr“ 0
a0 1 | ml = 0 02 04 06 08 rl
L I TR TR T B34 6 & 1013 1.2
I g T apeligt - sraried 1.0 C)
Comy Dt R b GeNETD miK" 7" p (VKT -
Resonance Vep magnitu de Phase (°) =4 0.8
K™ [832) T. ) T 06
D5(2400) . | 02904 0.048 £ 0.067 | 267422435 0
D5(2460) | 0.042+0.050 +0.048 | 325+ 46 + 20 0.2
K;(1430) | 0135+ 0.058 +0.099 | 284+ 30 + 11 L S R A TSN R
KP{1430) | 0.108B40.056 +0.051 | 221+ 30+ 14 28 + ~ (rad)
K*(1680) | 0.404+0.047 +0.046 | 128+ 22 + 24
BE 4+ (B3 £ 53+ 20)° and (263 + 53 £ 20)°

@ Central value has weak dependence on r = ﬁggjgg (b)
@ Errors decrease as r — 1 as expected .
@ Ambiguity at (83 + 180)° (c) PEABARY
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Prospect: v from B® — DY)K?

Phys.Rev.D 74, 031101 (2006)

@ TD Decay rate
2
< e AT 1 = B,agD,ec<11+:§ ) cos(AmgAt)+
b

c
D)o Do
N € e U 7 . )
B jtl/\: o \;“ Biag (ﬁ) sin(28 + v + Drecd) sin(AmgAt)]
b

" kow K" @ Small theoretical uncertainty

@ A(B° — DOKO) x Vi,V &
A(B® — DOKO) o V2 Vs = O(A3),
A = sin(0caibbo) = 0.22

@ Expect large asymmetries

@ Previous analyses measured 3 only

@ At 2x the previous data set expect more than
200 B° — DOKQ events

Events / (0.01 GeV )

@ Final state reconstructed via the following

@ p*0  pOx0
@ po K- =, K77r+7r0, K ntn— ot

@ K0 5 Kk nt
@ B result from 2D MLL fit to mgg x AE:

Events / (0.01 GeV )

B Mode Ng s B[10-5] IR}
BY — DOKO 104 +14 920 53+07+03
BY —» D*Ok0  1714+52 430 3.6+12+03 13/17




Conclusion

@ All analyses need to be updated to the final data set
@ We expect an improvement in the measurement of ~ with
B — D®Fx% /p* since r can be more precisely estimated

0
; ; : [ 78 2B(Bt—D*+x0)
@ We can use the isospin relation r = = BESDT ) as suggested

by
o Search for Bt — D*+=° decay

BELLE, Phys. Rev. Lett. 101, 041601 (2008)
@ And use the estimate r < 0.051 @ 90% CL

@ The BABAR data sample is just large enough to possibly detect CP
asymmetry in B° — DOK?

@ Thus far, there is no experimental evidence of any sort of deviation
from SM predictions for ~

@ At present, the errors on direct measurements of + are too large to
detect variation from CKM fit: (67.2739)° vs. (7173})° -
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for B — D*Fr*/p*

a parameters

ICHEP 2008
PR

ELIVINARY

Summary: HFAG CP param results

¢ parameters

ICHEP 2008
PR

ELIVINARY

world averages

BaBar
PRD 73 (2006) 111101

3
<]

elle
PRD 73 (2006) 092003 "}
Average

HFAG

-0.010+0.023 £ 0.007
0.050 +0.021 £ 0.012

-0.030£0.017

Dn

BaBar
PRD 73 (2006) 111101
I

elle
PRD 73 (2006) 092003 "

Average
Auerag H

0.033£0.042%0.012
0.019+0.021 £0.012

-0.022 £ 0.021

BaBar
PRD 73 (2006) 111101 *[*

00404 0,023 1 0.010

BaBar
PRD 73 (2006) 111101

Belle }
PRD 73 (2006) 092003 **

0.049% 0.042 ¥ 0.015

PRD 73 (2006) 092003

PRD 73 (2006) 092003

3 Belle -0.039£0.020 £ 0.013 3 -0.011£0.020 £0.013
& PRD 73 (2006) 092003 *HT* &
2 Average L -0.039£0.017 9 Average I 0.002 +0.021
HFAG H HFAG H
“BaBar I -0.034£0.014£0.009 B “BaBar 0019+ 0.022£0:013
k] PRD 71 (2005) 112003 [7*T* k<] PRD 71 (2005) 112003 *T*7
§ elle el -0.047£0.014£0.012 5 elle L -0.009£0.014 £0.012
& arvos0s.dens B S anv0800.0203
= Average ) -0.040 £0.012 = Average -0.012+0.015
a0 i B o I
BaBar 0,024+ 0.031 £ 0.009 BaBar 10098+ 0.055 £ 0.018
o PRD73(2006) 111101 o PRD73(2006) 11
O Average -0.024 +0.032 O Average -0.098 + 0.058
HFAG HFAG
03 02 0.1 01 02 05 04 03 02 01 0 01 02 03 04
& E3
Merged D*m a fadas Merged D*m ¢ faisefe
PRELIVINARY PRELIVINARY
aBar -0.040.%0.023 £0.010 BaBar 049 £0.042+0.015
PRD 73 (2006) 777707 PRD 73 (2006) 111101
Belle -0.39+0.020 £{0.013 Belle -0.011+0.020 £0.013

BaBar S -0.034 + 0.014 +10.009 BaBar -0.019+0.022 + 0.013
PRD 71 (2005) 112003 PRD 71 (2005) 112005

Belle i~ 0.047 +0.014 £0.012 Belle ppidy 0.009 +0.014 £ 0.012
arXiv:0809.3203 arXiv:0809.3203

Average -0.040 £0.010 Average -0.007 £0.012
HFAG HFAG

008 0.06 004 002 0 0.14 0.12 0.1 0.0 0.06 004 0.02 0 002 0.04 006 0.08 0.1 012




Summary: HFAG constraints on 23 + ~ from

B — D*Fr*/p*
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p — n from UTTit
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