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measuring sin 23

_Im[eT 0 A,/ A] LA P|A P
Sf = 2 A AT Cf = A, P/A,
® choose AS =1 BY decays = exploit CKM hierarchy

o split the amplitude according to CKM factors

flf = )\Ca; + )\ua;ﬁ + )\tai}

= Ac(af — a’}) + Au(ay — ai})

S C u Ae+ A+ =0
p— ACA]C’ _|_ A'U,Af )\C — Vcbvcﬂ;,Au — ubVJS ~ )\2)\0

. b — ccs tree, cc rescattering (charming penguin)
. b — uus tree, uu rescattering (u—penguin)
. QCD penguins, EWP
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measuring sin 23

o oTmle A A o LA /AP
/ 1+[ A2 /] A2 b T AR 2] A2

® Dbecause )\, ~ 0.02). big hierarchy in A;
zzlf = )\CA? -+ )\UA?

# aslong as )\CA; > AUA?
Sin 20.g = —n]gPSf = sin 203 + 27 cos 0 cos 23 sin 7y
Cy= —2rysindssiny

with et = |\ /o] - 5 ~ 0.02
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2 Waystosin 23

® tree dominated: ® penguin dominated.
B’ — J/UKg,... B’ — ¢Kg,...

® expected to be SM #® possibly large BSM
dominated = sin 26,4 contribs = sin 2. "

c

b

# comparison of the two: test of KM mechanism

ASy = sin 26P§ — sin 20k = O(TPeng) O(r )

f Ty
. rffee corrections for sin 23 from J/¥ K¢ below percent
Boos, Mannel, Reuter, 2004
level = negligible Ciuchini, Pierini. Silvestrini. 2005

H.-n. Li, S. Mishima, 2006
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Exp. situation & Questions

see also talk by C.-h. Cheng

sin(ZBe”)Esin(Z YEEE o allAS; <0

PRELIMINARY
b-ccs World Average; N 0.68 £0.03 h h
BaBar : —— |} 5 0.12 +0.31+0.10
Oé Belle : P |=+f i 050£021+006 # what are the SM
Average : el 0.39 +0.18 :
. BaBar i i e | 058%0.10%0.03 expeCtatlonS’)
X Belle : i Ml ¢ 064+0.10+0.04
< Average oy 0.61 +0.07
""""" ' BaBar . |=H~  071+024:0.04 9 What alre the errors on
" Belle ! ——f| ! 0.30£0.32+0.08 . .
> Average = theory predictions?
.,  BaBar A Ll 033+0.26+0.04
°i¥: Belle : +——4 : 0.33+0.35+0.08
Average : Aena=l BE 0.33+0.21
""""" ¥ "’BaBar*020+052+024 '. What errors to eXpeCt
o Average ; i o 0.20 + 0.57 :
o in the future/can we
X Belle ! — 0.11 % 0.46 + 0.07 .
3 Average o 0.48 +0.24 IMm p rove’)
T . BaBar LT R 0.62+0.23
< Belle ; w——ffl | 018%0.23%0.11 ] 1
«» — Average : | 0.42 £0.17 —
DiBaBar """"" b 072+071+008 ‘. Wlth 50 a'b Of da'ta'
Average — - -0.72+0.71
R BaBar O2B O41+018+007+011 SQbKS,??/KS measured tO

10.68+0.15+0.03 RS

a precision of a few %

-3 -2 -1 0 1 2 3
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Another look at the data

® 2 measur.. S¢,Cr Vs
2 unknowns: siny ry, d¢

AS¢=2siny rycosoycos2f

Cy = —2sinvy rysindy
on plot: v = 60°

-0.2

® to predict ASy need
theory input

# answer channel depend.

04 |

o ASy, Cy estimated in several theor. frameworks

s SU(3) flavor symmetry
s 1/my expansion: QCDF, SCET, pQCD
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Using SU(3)
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Bounding using SU (3) ¢

Grossman, Ligeti, Nir, Quinn, 2003
Gronau, Rosner, JZ, 2004, 2006

® use AS =0 SU(3)r related modes (s — d) Raz, 2005

VaViy = VaVady VoV = VaViudy

s d,u

u

u
b
>
d d
y
S
d

# the hierarchy of tree and penguin contribs. is changed
P— AP, T —T'/\

» from the related modes can bound "tree pollution” r,

Y

al

d
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Some further details...

® abound on r; consists of a sum of modes

R—I—j\2 B (AS=
Tfé 1 _ R’ R<)‘Zf‘af’\/3;A5 1;

» bound can never be better than r; < A ~ 0.05

# for some AS = 0 modes only upper bounds are known
s forinstance for r, x, only bounds on Br for

7O, n(n()
s atpresent R,k < 0.116, while R < 0.045 for QCDF,
S4 (R < 0.088 SCET, Sol 1.)

room for improvement

°

# in general too conservative (if no dynamical
assumptions)
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Results

# results of 2006 numerical update Gronau, Rosner. JZ, 2006

0.2 —

0.2 —

C,},}/K
CTTK

0.0 —

oo
0.0 —

[ ! ! L1
0.4 0.6 0.8 1.0

S,k
® bounds on AS,x, much worse

® possible to treat Sk kx In this framework

: thilati Engelhard, Raz, 2005
s assuming small annihilation Engelhard, Nir. Raz. 2005

rK+Kk-Ko < 1.02, TKeKeKg < 0.31
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1/my expansion

see also monday talks by I. Stewart, H.-n. Li
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State of the art

® QCDF and SCET: hard kernels known to NLO in
ag(my), jet functions to NLO in ag(/Amy)

o for ASy calculations:

s QCDF: s hard scattering LO in ag(my),as(v/Amy)
s soft overlap NLO in ag(my)
s some 1/my corrections included (modeled)

all hard kernels LO in ag(m;)

jet functions not expanded

some 1/m; known, but not included
nonpert. param. (also P,,.,) fit from data

¢ SCET:

s pQCD: s soft overlap contrib. factorized
s some NLO included

# a lot of work needed to include 1/m; corrections (not
clear if possible to fix all)
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PK s

® Nno b — uus tree contribution

A% at%—at
A§ — a%:—a’gz ™~ O(1>

azj} either ag(my) or 1/my suppressed

Ay
A5
# both QCDF and pQCD

ASgxs = 0.02 +0.01

Beneke, 2005
Li, Mishima, 2006

o extremely clean, r; at percent level: rr ~ 0.02
— QCDF — pQCD — SCET

# FSI rescattering does not

change this
Cheng, Chua, Soni, 2005

# no prediction in SCET yet
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n'Ksg

® thereis b — uus tree level contribution

» 1y still small, since Af is also enhanced = \d_
= to explain large Br(B — n'Kg)
» enhancement can be understood through

interference of A(B — 1, sKgs) Lipkin, 1991
s gluonic contributions and/or Beneke, Neubert, 2002, 2003
SU(3) breaking needed Williamson, JZ, 2006

Gerard, Kou, 2006

< QCDF AS??,KS = (0.01 =0.01 Beneke, 2005
SCET: AS,/fy = —0.019 4 0.008(—0.010 = 0.010)

Williamson, JZ, 2006

# destructive interference in B — nKg, A IS suppressed,
AS, i, can be large, even O(1)

J.Zupan Predictions for sin(23/¢1)eginb — s...  FPCPO07, 13.05.07 —p. 14



Other 2-body modes

Beneke, Neubert, 2003, Beneke 2005
— QCDF — pQCD — SCET Li, Mishima, Sanda, 2005, Li, Mishima, 2006
Williamson, JZ, 2006

® receive b — uus tree
contribs

e . ® AS; ~0(0.1)

SN2 et ‘:sin2 BTreé

® AS,k, the only one that
predicted to be negative

# FSI could change
appreciably S,k ,k, but

o still AS; ~ 0(0.1)
Cheng, Chua, Soni, 2005

Mode QCDF pQCD SCET
™Kg | 0077002  0.053T092  0.077 4 0.030
pP’Kg | —0.087095  —0.18770 00 —

+0.03
wKg | 01340.08  0.15379:03 -
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Three-body

® B—m'1'Kg, B— KgKqKg CP-even

Gershon, Hazumi, 2004
® B — K™K~ Kg both components
s nNon ¢Kg¢ B — KTK~Kg mostly CP even

® Nnob— uustreein B — KgKgKg = naively one expects
ASk ki Very small, while others ~ O(0.1)

# calc. based on HMyPT+model of form factors &

non-res. amplitude behaviour give all ASy ~ 0.05
Cheng, Chua, Soni, 2005, 2007

® more work needed
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Conclusions

» experimental ASy are consistently lower than
theoretical predictions

® conservative® average of (ASy)corr = (ASf)Exp — (ASf)Tnh

(AS}) . = sin237e"8 — gin 27re

= —0.133 = 0.063 (> 2.10 effect)

Corr

* no 3-body, (AS¢)Th the lowest value in Beneke 2005 QCDF scan, only exp. error in
average (almost exactly the same result if (AS¢)n the smallest th. pred., exp.+ th. err.

added quadratically)
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Backup dlides
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B — KnvsB — K/

# Lipkin '91: constructive and destructive interf.
A B—Fyy — COS PA B—Kn, + sin CbAB_j(nq
AB—J_(n — —sIn ¢A3—>[_{773 + COS QbAB—J_(nq
with ¢ = (39.3 £ 1.0)°, so that cos ¢ ~ sin ¢
o |If AB—j(??q ~ AB—J_(US
s = aconstructive interference in Az,
s = adestructive interference in Az_
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B — KnvsB — K/

# Lipkin '91: constructive and destructive interf.
A B—Fyy — COS PA B—Kn, + sin CbABHan
AB—J_(n — —sIn gbAB—J_(ns + COS QbAB—J_(nq
with ¢ = (39.3 £ 1.0)°, so that cos ¢ ~ sin ¢
o |If AB_J—(% ~ AB—J_(US
s = aconstructive interference in Az,
s = adestructive interference in Az_

#® exactly what happens in QCDFact, SCET
s penguin dominated mode

AB—>K77q \/_(Pan + QPan) T
AB—J_(US ~ PKns —I—QPQKUS + ...
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B — Kn) hierarchy

Kns _
o SU(3) break. 1 + AT(g) = P<g)n /P(g), P(g) =P

1
Ap- - X (V2 — rqtan ¢) P, + (— — Ttan¢)P_|_ e

V2
= (0.59 + 0.8A7r,)P; — (0.11 + 0.8Ar)P + - - -
t
Ap- - X (Tg + \/§tangb)Pg un (r 4 a\“;l;>P NI

= (2.16 + Ary) Py + (1.59+ Ar)P + - -

® Br(B —nK) < Br(B — n'K) for most arg(FP,/P),
no cancelation between P and P, needed

# the suppression is larger for P than for P,
® Py, Ar) =0= Br(nK)~O0(10~") and not ~ O(1079)
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