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Introduction

» BaBar detector at the SLAC B-factory
e*te— Y(4S) — BB e

* Physics Goal

e Study CP-violation in the B-meson sector
*9.0GeV e, 3.1 GeV e

- Key measurement - the angle B through *311:2 0" delivered

the study of B® meson decays

 Precise test of the SM VudV:b
« Searches for New Physics

Vch:b
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Experimental Technique

* Study CP violation through measurements of the time-dependent
CP asymmetry Ap(t)

N(

Acp (f) = \T(

B0 — T — N 0 ) — ]
‘3 t) = fep) "\T(B_ ) = fer) _ S¢sin(Amt) — C'r cos(Amt)
BY(t) — fcp) + N(B°(t) — fcp) | |

B decay * Decay into CP eigenstate -, after time t
o \ between two B decays
mixing T fCP * A determined from unbinned maximum
EO /d{ecay likelihood fit to time distributions of B? and B°
tagged events

* Unless otherwise stated, all measurements presented here are
based on a dataset of 232x10° BB events (~211fb")
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Independent measurements of 3

« Can independently measure (3 using three different categories of
BC decays

(a) Charmonium (b) Open charm  (c) Penguin-dominated

b —ccCs b —ccd b —»sdd, b —sss
b, . c i b g
T v
T .ol
i W
b . . c £

3 * 7 7 * 7 7 ) i
e ks e e isiios ieilop | G Pl el e e
n. Ks, JwK,, Jymo, D" D* ' KO, K10, w K,
Jw K (K* —> K419 £.(980) K.,
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BO—charmonium + KO

" J/UKY, TR, pRKS, xo KY, m.KY, J/UKY (K — Kim')

- ‘ ? «  “Golden modes” dominated by b — ¢Cs tree
\:‘-‘1< level diagram with internal W boson emission
. * «» Leading penguin contribution to the final state has
7 a the same weak phase as the tree diagram

« To a good approximation: C'y = 0

Evts. /0.4 psN

= Acp(t) = —nysin 26 sin(AmAt)
 Theoretically clean

<
wn
I

Experimentally clean (J/yp resonance) with N
relatively large branching fractions (~10e#) —w L H*
» Unbinned maximum likelihood fit to fop e N [y = 1
the At distribution SN -
PRL 94, 161803 (2005) %*W o)
sin2 3 = 0.722 = 0.040(stat) *+ ().()23(syst) i ; s
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Measuring the sign of cos(2[3)
B— J/YyKV (K7

BaBar . —

. Measurement of sin(2p) leads to N CO%%ZBKO . 4B
a four-fold ambiguity in the 'L sinzp A v
determination of the angle B. | cos(2] : G

- Reduce this to a two-fold s : . !
ambiguity by measuring the = o e A :
sign of cos(2B). L } Z\BL °

. Time-dependent angular o8 e ]
analysis using 81.9 fo-"measures | ¢ ~ \D

cos2B =+2.725020 £0.27 | [Emm ool b
PHYSICAL REVIEW D 71, 032005 2005] ™. s o os 1 . 2

* This excludes negative solutions 5

of COS(ZB) at 86% CL. Constraints in the (p,n) plane not including

the angle measurements in the global fit.
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Events [ (2 ps)

Events /{2 ps)

Asymmetry

b —ccd decays
B —-D™D™ and B°—J/y’

* b—ccd tree amplitudes have same weak phase as b—ccs.
* b—ccd penguins have different weak phase than the tree amplitude
* If there are significant penguin amplitudes in b—ccd decays then

hep-ex/0507074 S # SCCS and Cccs;é O [Grossman, Worah. Phys Lett B 395 241 (1997)]
“C BaBAR

preliminary _ 7] ¢ BO_>D*+D*_ : admixture of CP-odd and
e .- — CP-even components. CP-odd fraction
extracted by means of a transversity analysis

BaBar

ccd

o f ., =0125+0.044+0.070
odd
0 PRL 95, 151804 (2005)
"L (L = 0.06+0.17(stat) £ 0.03(syst)
S— ; (T S, = —0.75 £0.25(stat) £ 0.03(syst)
Cyjpno = —0.21 £ 0.26(stat) £ 0.09(syst),
S0 = —0.68 £ 0.30(stat) £ 0.04(syst). [« In agreement with SM expectations
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Searches for New Physics
IN penguin decays

 SM predicts the amplitude of CP violationin b — sqq (¢ = d, s)
charmless hadronic final states sin 2(3.i to be approximately sin 23
- b — sqq dominated by one-loop transitions

» Potentially accommodate large virtual particle masses

« Contributions from physics beyond the SM could invalidate

this = sensitivity to New Physics ; W= i
. : s
* Modes which are noted as having g K
. . . 5 0] n _
small theoretical uncertainties in the y+ b 9 ®g y
measurement of J.¢ are b Sy d g d
o 0 170 - S -
B — Q‘)I& BY t g S B’ — /K" decay via
. BU N I(qfqufg ) K0 | internal gluonic penguin.
Phvs. Le FOe i) _._JL_ Y : - d > d Colour-supressed tree diagram not shown
ws. Lett. B 596, 163 (2004)
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BO— KO

PHYSICAL REVIEW D 71, 091102 (2005)

« Almost pure h — s5s penguin ol ek, @]
. L. W S :

* Theoretical prediction: 0 | — et =

Buyks - Byxs ~ few % beﬂﬁ

[e.g. Grossman,Ligeti,Nir,Quinn: PRD 68 r | )

015004 (2003)] I - -

- Experimentally very clean: 08 Lok, '

* narrow ¢ resonance allows

powerful background suppression Enhanced by a cut on the likelihood ratio.

« Small BF (~ 8 x 10-%) b KO H K"

« Combined ¢Kg and ¢K fit sin2By¢  +0.50 + 0.257007
« Measured sin(2B.¢) consistent Foven 0 1

within 10 of sin(2B) from b — ¢cs ¢ +0.50 = 0.257007

C 0.00 £ 0.23 £ 0.05

Yield 114 =12 98 * 18
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BO> KKK

hep-ex/0507052

« Reconstruct B? with two

% 20 f— 0 —f
- - 0_0 CIN LR
I& g — W—I_W_, One I‘L g — T T Eﬂ 10 :— preliminary _:
« Experimentally challenging = 0L E
5 20F _g =
» Absence of charged tracks 5 F :
. . . T 1wwf =
originating from B° decay vertex 5 | :
= 0
- B0 decay vertex uses Kg pseudo =~ | E i -
: - £ 05 E 1 =
particles and beam spot constraint 2z " E : — E
0 - o E 'F B e w—
* Developed forthe B — Kgm® Z osE ' —— E
analysis: Phys. Rev. Lett. 93, 131805 (2004). ;—] » ~ . . : ! :5
- Combine with previous K K K, result o e
v 40,32 ¢ - f oot )
(3 I{H . ﬁ—l_ﬁ_) Plys. Rev. Lett. 95, 011801 (2005). e — —U.U.ﬂ_(,_% I‘_s[n-l J :l: U.[]'—lli_hh«[-_]
- O = —0.10 4 0.25 (stat) & 0.05, (syst)

« Result agrees with SM expectations
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. Additibnal contributions from weak phases are ex

BO—sn'KO

* Gronau: Phys. Lett. B 596, 107 (2003),

» Beneke, Neubert: Nucl. Phys. B675. 333 (2003)
* Theoretical predictions for AS:

- SU(3):

S < O 1 [Gronau et al. Phys Lett B 596 107 (2004)]

- QCD: AS~0.01 [geneke,Neubert. Nucl. Phys. B675. 333 (2003)]

—
w
o

-—

—

—
wn

i
o
>

L

« Combined fit using both n'Kg and n'K_

Mode Signal vield S C

m K 3 137 £ 22 0.38 +0.44 0.34 +0.29

1;;)1 K9 303 £ 49 0.88 +£0.43 —0.1540.29
77{;(17‘)”]{2#— 188 £ 15 0.01 £0.28 —0.18+0.18

‘”;n Koﬁﬂ__ 430 4+ 26 0.444+0.19 —0.3040.13 >
?7;1(5" ”Jx”ﬂ, 54 +8 0.79 4 0.47 0.11 +£0.35 "g
7;{1( _«”Ixﬁw. 4449 —0.04 &£ 0.57 —0.6540.42 E.
- Ix 89 423 —0.45 4+ 0.68 0.41 +0.40 &
Comhined fit 1245 + 67 0.36 £0.13 —0.16 &= 0.09

» S differs from that measured in J/pKq

by 2.80

Katherine George

hep-ex/0507087

pected to be small

100}

(a)

(b

BC tagged

BABAR

preliminary

0 et :
5 0 T
At (ps)
Projections onto At for :;'ff{E
11
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BABAR measurements of sin(2[3.¢) in
penguin dominated channels

BaBar.
sy |0—ccs  World Aiverage H 0.69+0.03
World average 5 s b
. 0 P K° BaBar —h 050+025*20
(charmonium + KP) u : =
nK BaBar =l 0.36+0.13+0.03
,Ks  BaBar : A~ 0.95*3%+0.10
n K BaBar *—*— 0.35 05 £0.04
n'n Ky BaBar—k—— . 084+071+0.08
oK, BaBar : ke L 0507°% 4002
K'K K BaBar | *%0.4@110.1810.{)?10_11
Ave rage Ks Ks K BaBar '—k—' 0.63 0% +0.04
(S-peng uin mod es) — b—aggs Naive average e | 0.43+0.09

-2 -1 0 1 2
* s-penguin “average” value of sin(2B.¢) differs from J/wKs sin(2(3)
* Interpret this with CAUTION as each mode

Q * is theoretically affected by new physics in a different way
 has different SM uncertainties
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Summary

* sin(2B) from b—ccs (BY —charmonium + K°) decays
have been measured to 5% precision
sin2 3 = 0.722 = 0.040(stat) = 0.023(syst)
* Measuring sin(2p) in additional (independent) ways
allows us to probe for New Physics
« b—ccd decays : results are consistent with SM
e penguin decays : some deviations.
 First signs of New Physics ? Statistical fluctuation?
* Measurements are heavily dominated by statistical
errors.

« BaBar is aiming to double its dataset by summer 2006 and
quadruple it by 2008
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