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Standard-Model expectations

* b — spenguin dominated decays B’ - n'K%and B° - w K are
sensitive to the CKM angle 5 (¢ );

_ F(EO(At) — f) — F(BO(At) — f) With only penguin
Af(At) B F(EO(At) N f) —F(BO(At) _ f) amplitudes:
= —Crcos(AmpAt) Jﬁsin(AmeAt) 5 =sin2p

- However, the presence of color-suppressed tree amplitudes causes S, to
shift from sin 28 ;

Wt _
b S b U
K° R w
Leading amplitudes o4, d B W ¢
g _ _
d S
w
i d d ]

for B’ - o K/ KO

d
» Verifying that AS = - € S - sin 23 is within theory expectations is a crucial

test for the validity of the Standard Model. £ = -1forK_ +1 for K
f s’ L
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Estimates of Tree Pollution

» AS estimated/constrained using perturbative QCD, QCD factorization,
and SCET;

» Also possible to get constraints on AS_ from SU(3) flavor symmetry: need

experimental input from related decay modes;

* Small contribution of tree amplitude to B - n'K?;

» Large contribution of tree amplitude to B — o K*;

ASn’KO < [—0.037 +(),()3] C. measures the direct CP-asymmetry:

expected to be ~0.01 for n'K? and ~0.1
AS,k, € [-0.0,+0.2] o

QCDF Beneke, PLB 620, 143 (2005)

SCET/QCDF Williamson, Zupan, PRD 74, 014003 (2006)
QCDF Cheng, Chua, Soni, PRD 72, 014006 (2005)
SU(3) Gronau, Rosner, Zupan, PRD 74, 093003 (2006)
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Time dependent analysis

* Fully reconstruct B__ , 0 e

B

flavor-tag the other B ;

* Both BaBar and Belleuse ~ 1(4S5) —»
multivariate flavor-tagging
algorithms;

Az = BycAt
Effective tagging efficiency: At =tep — tiag >
Q =¢(1-2w)? |

e = efficiency

Q=(31.2 £ 0.3 )% (BaBar)

w = mistag probability Q=(29x1)% (Belle)
e—|AL]/T
f+(At) = . 11 £ (=&5Sysin(AmAt) + Cr cos(AmAt)))

- f, modified for mistagging and At resolution. The relevant parameters are

determined on a large sample of fully reconstructed self-tagging B decays.
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Background discrimination

* Dominant background: qg (g = u, d, s, ¢);
* Exploit B meson kinematics (well determined at B-factories) and event-
shape (qq tends to be jet-like, while B decay products are 'spherical’);

_ 2 2
| AE = Fp- By mps = M= B, — b}
3 3
S x10 | S (i Signal from
v (Signal i 0 Signal : silmulation,
E a0 ] 600:' ¢ . E 60¢ ] 600:' 1t__)ackground
o 400} : o 40} {400} cidebands
:’q; 200;' Background é 20¢ ] 200;' Background (from BaBar)
Ui O 0 : g 0 O ] |
02 0.0 02 02 0.0 02 % T s s 526 58

AE (GeV) AE (GeV) m. (GeV) m, (GeV)

Event-shape discriminating variable:
Fisher discriminant # (BaBar) or Likelihood Ratio Ks/b (Belle) exploiting

variables related to the event topology: Legendre or Fox-Wolfram
moments, direction of momentum and thrust with respect to beam
axis, ...
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Irntegrated Luminosity (pb_“)

Datasets
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Data taking still on-going:

Measurements presented today
based on an integrated
luminosity of 492 fb™
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As of 2008/04/11 00:00

500
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Data taking ended on Apr 7™ 2008:

BaBar's last word on B? - n'K?%and
B°— wK/ , based on the full Y(4S)
sample (425 fb™?)
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0 4,
B° - n'K
* Pretty high Branching Fraction: (65 + 4) x 10°°;

* Both BaBar and Belle reconstruct 7 final states:

0 (py, oy T T, Nap i ) KO (7 77)
0 (py, nyymtm )KO( Om0)

77(77777T+7T 77737r7T T )KO

* Unbinned Maximum Likelihood Fit to the variables:

AE, m_, Fisher AE, M ., R,

K, modes: drop m__ K. modes: drop AE

* Dominant background: gqq events, modeled from data sidebands;
* BB background component modeled from the simulation.
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535M BB BO_)n’KO

Belle Collaboration, PRL 98, 031802 (2007)

Mode-dependent cuts applied on AE

- Ng 600 [ b fKO C fKO
§400 i g 400 o ; "-- ) .( e All
E § Background
g 200 e S 200}
> - = 4 :
TN /////////////A R BT ./ s
0 0.5 14 5.2 5.25 5.25 5.3
Re/b M, .(GeV/c?)
i i : =TIV &)
Signal yields: S 800 (i) WK 4 % 150
n'K;: 1421 + 46 S 288 " 3100
'K: 454 + 39 s =
L Z 200 W/ ==
total: 1875 + 60 0
0.5 0.75 1
I:{s/b
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535M BB BO_)U’KO

B 150F . . .
O : Maximum Likelihood fit
:: 100} simultaneously to K_ and K :
h [
2 50}
= : _fn'KO Sn'KO = 0.64 £0.10 £0.04
L 0 =
- Cn'KO = 0.01 £0.07 £0.05
£0.5
§_0_5 Separating K, from K :
75 5 25 0 25 5 7.5 —&yrsOyrs =  0.67£0.11
-£ A(pS) Cyrs = 0.03+0.07
Dominant systematic uncertainties: —&yk OSyk;, =  046+0.24
S: uncertainties on resolution function Cpr, = —0.09=x0.16

C: interference from DCSD on tag side
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BaBar Collaboration, arXiv 0809.1174 [hep-ex]
submitted to PRD
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improved by a Neural Network which
exploits variables related to the shape
of the clusters in the calorimeter

Signal yields (flavor tagged):

1959 + 58 (1457 = 43)
556 = 38 ( 341 + 23)

n'K.:
n'K:

total:

2515 + 69 (1798 * 49)
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467M BB

— All

Events / ps

Asymmetry

At (ps)

Dominant systematic uncertainties:
S: BB background and resolution model
C: Interference from DCSD on tag side
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Events / ps

Asymmetry
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CU'K L

. O 5
I = O =0
o) T

Maximum Likelihood fit
separately to K_and K modes:

= 0.53x0.08£0.02
= —0.11x0.06 £ 0.02

= 0.82+0.19x0.02
= 0.09x0.14x£0.02

1 Final results computed

“® through scans of -2 In L:
&y odyxo = 0.57£0.08 £0.02
Cyro = —0.08+0.0640.02
12

A. Gaz - University of Colorado



BY - a)KSO

* Branching Fraction ~5.5 x 10°®;

* Only usable decay mode: w — I 770 K¢ — T ;
* Discriminating variables:
m M
ES bc
AE AE (D
Fisher Ks @
® Mass /b
o helicity @ Mass

* Dominant background: qg events, modeled from data sidebands;

* BB background component modeled from the simulation.
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467M BB Bo — a)KSO

o)
-

 BABAR ] Signal enhanced projection plots
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Events / ps

Signal yield: 163 £ 18 (121 + 13 flavor
tagged) events

Results on the CP-violation parameters:

— 10.26 oF
_€WKSSWKS — 0.55_029 :I: 0.02 ? 0.5 e |
! — 52+O.22 +0.03 g 0.0 —"7_’“_7‘ —j\\\
wKs = -02_0.20 L Y- Z b R
BaBar Collaboration, arXiv 0809.1174 [hep-ex] 10; e — _6
submitted to PRD At (ps)
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535M BB BO —> a)KSO
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Signal yield: 118 + 18 events !
1F Asymmetry
Results on the CP-violation parameters: o 0.5¢
E OF“\—<:,——-‘:£L*’
_€WKSSWKS — 0.11 :|:O.46:|:0.07 % S N
<C L
Cuxs =  0.0940.29 +0.06 A S
1 _ ............. SM expectation

Belle Collaboration, PRD 76 091103 (2007) ST T T At (ps)
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SU(3) related channels

* The decay amplitude for B? — n' K can be written as:

A(BO%HIKO): /PJFA/ :‘Al ezéJr‘A ‘ew

sin 23 + 2| A}, /Alb| cos dsin(23 + ) — | AL/ A|* sin(2a)

Spx =
A_: amplitudes containing Vcb* V_ ! Rn’K
A_: amplitudes containing V "V 2| AL J Al sin d sin y
o : strong phase Cn'K —

Ryx
Ryx = 1+2|AL /Al cosécosy + |Ap /AR

v : CKM angle

« Using the flavor-SU(3) decomposition, A’ /A’_ can be expressed in terms of SU(3)

related amplitudes, and bound: R— 32 R Iy

A /A
R A

N(|ZrarACF)1P + [XrarA(S))? A : sine of Cabibbo angle

R2 _
|A(BY — 7’ K9)|2 + |A(B® — 1/ K9)|2 f : SU(3) related final state
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SU(3) related channels

* Among the several relations that can be used:

1
YrarA — 070y — —A ™)+ —A "y Y. Grossman, Z. Ligeti,
1) ZrarAlf) 4\/— Alrm™) — Al ’n) 6\/_ (") ¥ Srossman
11 PRD 68, 074012 (2003)
+ _—A _—A / ’
== Alm) — == Al) = = Alm)
5 \/g M. Gronau, J. L. Rosner,
2)  SrasA(f) = —=A(rn) + —A( n)——A(m) ) 2upan
6 3v/2 2 PRD 74, 014003 (2006)

2) Assumes exchange and penguin annihilation to be negligible

* Using the available experimental information, GRZ quote:

1) ®<0.116 2)  ®<0.070
—0.133 < ASy gy <0.152 —0.046 < ASy i < 0.094
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as9mBB| SU(3) related channels

* BaBar searched for B° - n'n, B° - nx%and B° - n' z° with the full

dataset;

Mode B(107%) (90% C.L. upper limit) -l- 40:

BY =1/ 05+04+0.1 (< 1.2) i i o]

B — nr0 0.940.4+0.1 (< 1.5) 2l + ]

BY — p'x0 0.940.4+0.1 (< 1.5) B — ;
R B

(@)
O
L
|

* Improvement by a factor ~1.5 on the upper
limit of " n with respect to previous results, i

——
——
S

S
[«)
b
T
!
—_
wn

g
.y
",

% [ >10-‘
no improvementon n z%and n' z°. S 20¢ 12
p 77 77 " | BO — nﬂ-o + E 5_‘
_ N SO <
Theory predictions: :2)30% _ 530_—
Mode SU(3)  QCD fact. SCET PQCD 57 + P
200 +T FTFTF . _
B®—yn 12401 0375 2fS - T ™1 ot
Bg 5 nffgo 1.0£0.1 0.4%;%’ ots 02102 IRy W IN
. 0 eeieigaae®’ [EEERCTS0 | B | A g’ L tvewun L
B" — nn LOx0.1 0'3—0-3 I+l 02+0.1 525 526 527 528 529 k 02 -01 00 01 02
m, (GeV) AE (GeV)

BaBar Collaboration, PRD-RC 78 011107 (2008)
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Conclusions

* BaBar and Belle get consistent results on the CP-violation parameters for
B°—-n'K’and B’ —» oK/, no significant discrepancy with the Standard

Model is seen:

BaBar —
0.57 + 0.08 + 0.02 T] , K 0
Belle
0.64 = 0.10 + 0.04 —
Average from ccK®
BaBar
0.55 + 0.28 + 0.02 ®
oK
Belle S
0.11 + 0.46 + 0.07
| | | = | | | |
-0.4 -0.2 0 0.2 0.4 0.6 0.8

S

f

* Some progress on flavor-SU(3) bounds, but probably we are getting close
to the limits of the method.
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SU(3) related channels

Modes related to through SU(3) flavor symmetry:

AB - KTK™)
A(BO — KOK())
V2A(B® — 7%7°)
V6A(B® — %)
V3A(B® — %)
(3/V2)A(B® — m)
3v2A(BY — ')
3v2A(B® — my)

CKM Workshop 2008

—e — pa
p+pa
p—cCc+e+pa p: penguin

s: singlet penguin
—2p—s+2e c: color suppressed
p+25s—e e: exchange

pa: penguin annihilation

pF+s+c+e+(3/2)pa

= pt+4s+c+te+ 3pa

—2p — 98 — 2¢ — 2e
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SU(3) related channels

More experimental results:

BR(B® —nn) = (0.8 £ 0.4 + 0.1) x 10°® (< 1.4)
BR(B — n'n') = (0.9*°% _+0.1) x10° (< 2.1)

0.

Preliminary result presented at FPCP, Taipei 2008

BR(B° — n°z°) = (1.83 = 0.21 + 0.13) x 10®°
arXiv: 0807.4226 [hep-ex]
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B 5 oK/

S

* Selection:

Belle BABAR

5.27 < M. < 5.29 GeV 5.2 < mgs < 5.29 GeV
—0.10 < AFE < 0.08 GeV | —0.20 < AF < 0.20 GeV

468 < m(K2) < 528 MeV | 486 < m(K2) < 510 MeV

E(vy) > 50 MeV E(v) > 50 MeV
118 < m(yy) < 150 MeV | 120 < m(~vy7y) < 150 MeV
p*(7Y) > 350 MeV E(m%) > 250 MeV

752 < m(w) < 812 MeV 735 < m(w) < 825 MeV

CKM Workshop 2008 A. Gaz - University of Colorado
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BY - a)KSO

3
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