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B° — a *n* branching fraction ;"""

* a:(1260)* — (pm)* dominant, JP=1+ 60Sigrjal enhanced projections '

Signal+Bkg ]
- 't ~ 50% - possible ot = 2.5% systematic

Events / 10 MeV
N
(=)

« BaBar: ML fit (AE, MEs, Fisher, Ma,, COSGH) 02 01 0 01 02
- Ngg =421 +48 = BF = (33.2+ 3.8+ 3.0) x 10° R

Events /1 MeV
o)}
=)

mye=n\s/4— p

* Ma1(1260) and Fa1(1260) poorly known (model . .
- _ 525 526 527 528 529
uncertainties) = extract from the fit to the data meg (GeV / c?)

i— Ma1(1260) = [1229 + 21 (Stat)] MeV * 2
| — Ta1¢1260) = [393 = 62 (stat)] MeV * g
T * within ranges allowed by PDG e EEVEERT ‘c‘zl'g
m, (GeV / c%)
- Belle BF (535M BB) is consistent with BaBar £,/ ¥ -
- 3D fit (AE, mes, cos8y) + 1D fit to ms, & sof o

==

L 05 0 05 1 15

- BF = (29.8 £ 3.2 + 4.6) x 10" [arXiv:0706.3279]
Fisher
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o measurement in non CP-eigenstates
« Time-dependence of BY(— BY) — a_liﬁ [Aleksan et al.; NPB 361, 141 (1991)]

G:I:?T:F E_|i‘r|/f
FG™ (A1) = (1+Acp) {1+ng><

8T C.
S
- \{(S + AS) sin(AmgAt) — (C + AO}/cos(AmdAf)] }

« Penguin pollution and strong phase between tree amplitudes
20l

S:l: — \/1 — Cjzz pd Siﬂ(QH -+ 2&{1/:& SV 2 Oleff*

- get aeg = o + A« by averaging out &

5[°] 4

« 8 trigonometric ambiguities ° °
- Reduced to 2 (factorization = |§| < 90°) '®°¢ ° °
* Negligible rescattering e ®
[Gronau and Zupan: PRD 70, 074031 (2004); D Q) for A%=9
PRD 73, 057502 (2006)] o 90 o [°]
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B° — a *n* time-dependent analysis

* Fit At model to data (Nigged = 461 * 46)

S = 0.37£0.21 £0.07
AS =-0.14 £0.21 £ 0.06
C =-010£0.15+£0.09
AC = 0.26 £0.15£0.07
Acp = -0.07 £ 0.07 £0.02

* Mai(1260) = 1229 MeV
["a1(1260) = 393 MeV [PRL 97, 051802 (2006)]

« Correlations are weak (at O(%) level)

O eff = (79 T 7)0
{11,41,49,79,101,131,139,169}°

-CL

Events /1 ps
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o o
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PRL 98, 181803 (2007)
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Constraining penguin contributions

« Use symmetries to constrain Ao = a.g —

[Lipkin et al.: PRD 44, 1454 (1991);
Gronau: PLB 265, 389 (1991)]

SU(2) not a viable option

— use approximate flavor SU(3)

[Gronau and Zupan: PRD 70, 074031 (2004);
PRD 73, 057502 (2006)]

* AS=0decays: A(B” — af77) =t +p,
ABY —wa7mt) =et_ +p_

* AS=1decays: A(BT — K),nt) = _(X)—lleA o

ABY - af K" = —(\)"1==p_

A= [Veal/|Ves| ~0.23
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Constraining penguin contributions

* Derive bounds on Aa from ratios of CP-averaged rates of AS=1
and AS=0 B decays:

CoS Q(Qfﬁ — «)

Vv

(1 - 270) /1 (AZp)°
cos2(ay —a) > (1-2R0)/\/1- (Ap)?

- Rates for AS=1 decays to Kiaw and a:K are both necessary
VBT | 2B K)
fic, Blaim™) ~ fiBlagmt)

0
R—i—

 Include factorizable SU(3) corrections
- Ratios of decay constants

- Neglect exchange (AS=0) and weak annihilation (AS=1) diagrams
[Gronau and Zupan: PRD 70, 074031 (2004); PRD 73, 057502 (2006)]
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B° — a,~K* and B* — a_*K°
BaBar: ML fit (AE, mes, Fisher, m,,, cos6y)

PRL 100, 051803 (2008)

Events / 3 MeV/c?
5

5.25 526 527 5.28 5.29

m, (GeV / ¢?)
« BF(B® —a, K*)=(16.4+3.0+2.4)x10%  &sf :
N, =272+ 44 (5=5.10); A, =-0.16 £ 0.12 £ 0.01

% | 1 | .l.lz' | .114' ((136\”021)8

+ BF(B* > a,"K% = (34.8+5.0+4.4)x10° | r=———1n—
N, =241+ 32 (S=6.20); A, =012+ 0.11£0.02 2" !+ |
§20 + B"‘ +—

525 526 527 | 528

o 60F
. Th: BF(B* — a,* K% ~ BF(B° — a,~ K+))
- Not consistent with experiment 320k
[Cheng, PRD 76, 114020 (2007)] s [ '+ , ]
B ! l'Zm (GévA?c)
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K mesons PWA of diffractive K p — Knwt p data
1 [ACCMOR: PLB 187, 1 (1981)]

Intensity .

1*S[K*r] K-matrix model

Kia and Kig mixtures of two mass

eigenstates [Brandenburg et al.: PRL 36, 703 (1976) 3000
Carnegie et al.: PLB 68, 287 (1977)] 2000

- Kia & Kig: SU(3) partners of a; & by ™,

Relative phase |

[K1(1400)) = |Kja)cos®+ |Kip)sing o © f\1*Slenl [ © 73 f
K1(1270)) = —|Kia)sinf +|Kip)cosd wf . A
» Experimental features in the Knn 2 9

system explained by two resonances: ; |
K:(1270)| K:(1400) | |
M (MeV) 1273+7 1402+7 “r
I (MeV) 90 +20 174 +13
BF[K 7] 42+6  94+6 ol
BF[pK] 165  3+3
BF[(KT)s ave 7] 28 + 4 - o0}

D-wave/S-wave [K*n] 1.0 £0.7 0.04 £ 0.01 e e R S

M (GeV) M (GeV)

oK channel not fitted to data
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Signhal model for K1 — KT T pros1, 052000 (2010)

« K-matrix model for interfering resonances [Aitchison, NPA 189, 417 (1972)]
- 2 resonances x 6 channels [(K*nt)s, Kp, (KTt)s®t, K (ntwt)s, (K*t)p, Ko]

p Production  Decay g [ = o0 EjRj(l _ iKp);jl

R. — —Jpata; fpb b a = K1(1400)
¢ Mq—MEKrr Mb_MKTFTF b=K1(1270)
K. — JaiJaj Jvi Ib;
tJ MGL_MKTFTF Mb_MKTFTF
- K N g No M. dependence for f., and f.;

« Decay parameters determined from a fit to the results of PWA
of diffractive K p — Knrt p data [ACCMOR, NPB 187, 1 (1981)]

* Production parameters determined from a fit to B-decay data
- overall normalization = combined BF[B—K;(1270)n+K;(1400)]

- tang = |fu/fea|: relative K,(1270) and K,(1400) fraction

- ¢ = arg(feu/fpa): interference effects
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K.t production parameters

* (9,0) scan: at each node, ML fit (AE, megs, Fisher, Mgz, COSOY)

Events/(25 MeV)  Events/(25 MeV)

Events/(25 MeV)

60

L
=,

=)

— Mk PDF templates modeled upon MC for each { = (9,0) set:

PRD 81, 052009 (2010)

M) = D Fi(Myrr;C) Ci BWi(mse) Ai(©, 9, B)

40¢

20F

30F
20F
10§

1.2

1.8
my .. (GeV)

B° — m,_=[846,946] MeV
N, =545 + 41

1#wK
include systematics —» 413 b’
\"\ "\"""I/’"'I’-\_""l""l" I_
T6r 5 9 - g6 0
sl BY A = B Prob
4+ _
i 90% CL
2 (@ i
68% CL
o 05 1 15
) 1% (rad)
&% |
1ot

4_— o B

I @)

| 2
. 2F S
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B — K_, © branching fractions

 Weighted average over (¢,0)

PRD 81, 052009
(2010)

— weight(9,0) =

L(%,0) ® syst.

- Systematics on BF s,m included (convolution of L[BF] with 1D gaussian)

* In MC, “turn off” one K; at a time: ¢, fpa + cp' fo, — 0

- Evaluate corr(9,¢) =

BF; / BF o using MC (j = i)

Decay BF (x10°) S (o)
B’ —K;(1270)*n +K(1400)*x] | 31*%, | 7.5
B*—K:(1270)°n"+K;(1400)°z"] = 29*2%;; | 3.2
B’ —>K;(1270)*n 174844
B°—K;(1400)*r" 17+ 4
BO—Kiatm 14%9 44
B*—K;(1270)'z* <40
B*—K;(1400)°x" <39
B* Kot <36
Zi BFI * BF sum
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a, and K decay constants

* Agreement between f51 values obtained by different methods:

Method f.i (MeV) | Ref. B [ALEPH: EPJC 4, 409 (1998)]
QCD sumrules 238+10  [1 : R ~, ALEPH §
- 0.0 b L} e T STV,
fk1(1270) + SU(3) 215 -223* | [2 % oo ] Y oeromay,
Ty 20318 | [3 Z 003 / § = Welghtedaverage
* depends on K; mixing angle % 0.0 X
[1] Yang: NPB 776, 187 (2007) ool ’ |
[2] Nardulli: Pham, PLB 623, 65 (2005) 004;;;" L s ety
[3] Bloch et al.: PRD 60, 111502R (1999) Mass® (GeV/ch?
e |fk1¢1270|=175 = 19 MeV from Br[t — K;(1270) v]
[ALEPH: EPJC 11, 599 (1999), Oki  |fkial (MeV)
Cheng: PRD 67, 094007 (2003)] 370 293
« fxia calculated from quark model :> 58° 207

- use |fki1270)| @nd |fa1|=203 MeV as input  (cheng, Yang: PRD 76, 114020 (2007)]
[Cheng: PRD 69, 074025 (2004)]

* Naive quark model estimate of |fxia| variation with 6x; = 58°—72°

= |fk1a| decreases by O(20 MeV) (used in K-matrix
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Extraction of bounds on A rro a1, 052009 (2010)

 MC trials: generate quantities from experimental distributions
- For each set of values, solve system of inequalities for Aa

BF(a,*n7) [10°] BF(a,K*) [10¢] BF(a,*K?) [10€] BF(K,,"n-) [10¢] BF(K,r*) [10°€]
33.2+3.8+3.016.3+29+23/348+50+4.4 149 <36
f. (MeV) fk (MeV) far (MeV) fkia (MeV) 0[]
130.4+£0.2 155.5+ 0.9 203 + 18 207 + 20 72

|
2
Vv

f-a) > (1-2RY)/\/1- (A5
cos2afy —a) > (1-2R1)/\/1- (ALp)?

(P/T)pp < (P/T)ayn S (P/T)pe < (P/T)

 |Aoj<11°@68%CL |

Eps. Ao < 13° @ 90% CL o6}
i o= (79+7+11)° P&

Selected solution compatible 0'2—_9Q% CL \
with global CKM fits R B S

0 5 10 15 20
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Summary and outlook

« BaBar measured o/ ¢, from a, © + SU(3) to constrain penguins
- 8 ambiguities, reduced to 2 with assumptions on strong phase o
- o =[11£7]°[79 £7]°, |o—a | <11°(13°) at 68%(90%) CL
- 4th independent measurement — awaiting for Belle results

« Will benefit from further input from theory and experiment:
- Decay constants, K, mixing angle

- Null tests of assumptions, e.g., BF(B® — K,*K¥) (annihilation)

« Future measurements at LHC-b and Super B-factories
- Statistical error from TD analysis ~ pp
— (P/T)pp<(P/T)az=(P/T) pn<(P/T) 2

- Resume full SU(3) fit? Could provide cross check of assumptions
Thank youl!
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'Backup
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Charmless (quasi) two-body analysis

Kinematic variables: energy subsituted mass, energy difference

AE=E, —s/2
% 10000f5 . N
= F]
ﬁ 8000[ - Eﬁmn
-l : el i =
< 6000[ ] 2 1000k & ]
E 4000} . 2 ;‘E' ’
m B 2000+ ]
2000¢ E : i
g 33 T T
mgg (GeV/c?) AE (GeV)
« Event shape: dlstlngwsh Jet like” g events and more isotropic B decays
—— . - 0.12
%ém— .08
Qo Background
| " Signal
- T ] oo
i'h 1] 02 a3 04 fJ_ﬁfJ-th'.' 08 05w 1
Fisher discriminant |cost,|

« Extract the signal yield and CP asymmetries via an unbinned Maximum
Likelihood fit to several observables



Time dependent analysis

!3 mesons are produced coherently Identify flavor and vertex
in a boosted frame e of the other B: NN based

tagging algorithm with
K 6 categories

Y (4S) —»

By=056 B, ™
At Fully reconstruct
- e / signal final state
Atmem':treco_trag AZ:B’YCAtmE(H%260um
Fi(ﬁtmeas) —
Aty Include

} tagging performance

1 {1 F Aw £ (1 — 2w) | S sin(AmgAt) — C cos(AmgAt)
-

@ R Atmeqs — AF, 1) Experimental At resolution: convolution with
triple gaussian, with parameters obtained
from a large sample of fully reconstructed B
decays, and free to differ between tagging

category
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