A consistent resolution for
possible anomalies in B — ¢ Kg
and B — 'K decays

Sechul OH
KEK

- B. Dutta, C.S. Kim, S.0., G. Zhu
- Dutta, Kim, S.O., Phys. Rev. Lett. 90, 011801 (2003)

\_

2nd International Conference on Flavor Physics A
(KIAS, Oct. 10, 2003)

consistent resolution for possible anomalies in B — ¢Kg and B — n’ K decays

(page 1)



~ Outline

Introduction

Effective Hamiltonian (R-parity violating SUSY)

QCD factorization

e Decay amplitudes of B — ¢K and B — 1)K decays

e Our analysis and results
— SM case
— R-parity violating SUSY case

e Summary

-

2nd International Conference on Flavor Physics o copsistent resolution for possible anomalies in B — ¢K g and B — 1’ K decays
(KIAS, Oct. 10, 2003) (page 2)



. Introduction ~
CP asymmetry in B? — ¢Kj

e CP violation in B system has been confirmed in measurements of time-dependent CP
asymmetries in BY — J/WUKg decay.
World average (2003): (01 = 0) b — cCs

sin(2¢1) s wie = +0.731 £ 0.056

e Recent measurements in B — ¢Kg (2003): b — s3s
sin(2¢1) 55 = —0.96 £0.50700] (3.50 off) [(2002) — 0.73 £ 0.64 £ 0.22]

sin(2¢1) i = +0.4540.43 +£0.07 [(2002) — 0.18 4 0.51 + 0.09]
= Average = —0.15 £ 0.33 (2.70 off the SM)
B(B’ — ¢Ks) = (8.04£1.3)x 107"
B(Bt — ¢K") = (10.94+1.0) x 107°
Acp(BT — ¢K™) = (3.9+£88+1.1)%
g J

2nd International Conference on Flavor Physics  z congistent resolution for possible anomalies in B — ¢Kg and B — 7’ K decays Sechul OH
(KIAS, Oct. 10, 2003) (page 3) KEK




e Any new physics effects in time-dependent CP asymmetries:
— BY — BY mixing amplitude (universal to all BY decays) and/or
— decay amplitude of each mode

= New physics effect from the decay amplitude of B® — ¢K .

sin(2¢1) xy for B — XY

o] 2 ImA
Sin(2¢1) ., = — T XY’“2)
XY
Ao = 2o Py ieei40) [Axy
o Ay A

Axy = AN + A%

= effective CP angle: 21 = 21 + 0
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(

e What about other decay modes having the same internal quark level process b — sss
(e.g., BO — U/K5)7
= recent data
sin(2¢1)05%¢ = 40.43+£0.27+0.05 (hep — ex/0308035)
sin(2¢1),50" = +0.024+0.34 £ 0.03 (hep — ex/0303046)

BR of BT — /K~

e Recent experimental data :

B(B" - nK") = (7184+6+9) x 107° [Belle]
(76.9 £ 3.5 +4.4) x 10°° [BaBar]
= (807°+7) x 107% [CLEO]

= still larger than that expected within the SM.

The goal

Try to find a consistent explanation for the recent data on B — ¢Kg, n'Kg, and n/ K+
without disturbing all the other B — PP and B — V P decay modes within the
framework of [, SUSY.

- J
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~ Effective Hamiltonian
e The effective Hamiltonian for charmless nonleptonic B decays can be written as

GF 12
ViV, O, — Vi, VF ;O h.c.
H = \/i[ 221;26 b tqlz_;c } + h.c

e The IR, part of the superpotential of MSSM
Wh, = kiliHy 4 NijiLi L B 4 X3, LiQ; Dy + N, U DS D,

-
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For b — s5s transitions,

-

the sneutrino mediated diagrams: Tree level effect!

S0 (555)
PR (500 (575

= after the Fierz rearrangement:
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R, part
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. QCD Factorization

Beneke, Buchalla, Neubert, Sachrajda

e allows calculations of non-factorizable contributions (dominated by hard gluon
exchange)

e Decay amplitude
A(B—PV) = A/ (B—PV)+ A“(B—PV) ,

where

A/ (B—PV) = Z va a; (PV]0i| B)xp

Puczl

(¢=4d, s)
including vertex corrections, penguin corrections, and hard spectator scattering
contributions.

AYB—PV)xfafrfvY ViV, bi

including weak annihilation contributions

-
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Order of o corrections

vertex, penguin, hard spectator scattering, and weak annihilation

(a) (b) © (@

-
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— B — oK and B — n'K ~N
Decay amplitude of B — ¢K

1 1 1
SM _ Z VeV, (&3 + aj + a5 — §a7 — §a9 — §a’f0> Ag + Al

p Uu,C
X393 A5
“4¢K & <d§22 + d222) Ag <d§22 ~ W)

Ay = (K|57"(1 — v5)b|B) (¢]57,5]0) , a; = ar +a) +al +a

Decay amplitude of B — 'K
m S u ~ fu/ ~ S ~ ~ u ~
AZI}( ~ (d§22 — d2Rz2) [m (An/ — An/) <a6 —+ fZCL/6> _|_ An/<a/4 — CL5> —’_ An/a4
S 77/

Y = m%//(mb ~my), AZ’(S) _ f:/(s)FBHK(sz —m2)

e 1 — 1 mixing :
n) = cosfg|ng) — sinby|no)
7Y = sinfglns) + cosbp|n) (Os ~ —22.2°; Oy ~ —9.1°)
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d3hy [Sav" (1 — 75) 58] (557 (1 + 75)bal
+dshy [5av" (14 75)58][557u(1 — 75)ba

= dyy (G(0)|5a7" (1 = 75)5al0) (K [357.(1 + 75)bs| B)
+dgys (D(0')[3a7" (1 +75)5al0) (K [557u(1 — 75)bs] B)
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~ SM & QCD Factorization

New parameters

e End point divergent integrals in hard spectator scattering & weak annihilation
contributions

= phenomenological parameters (8 new parameters for B — PP & PV)

1 ,
Xua = - (1 + pH,AGZ(ﬁH’A> 111@
0 X Ah

pra<l, 0°<¢ya<360°, A,=05GeV

GIObaI fit fOf B — PP & B — PV tO detel’mlne pH’A & ¢H’A (Du, Gong, Sun, Yang, Zhu)

(12 modes: B — 7, K , mp, Kp , ..., except B — ¢K , n)X)
o Large X4 & Xy case (unphysical)
pr=pa=1, o0 =220 ¢PV =1080 PP =540 PV = _550
= BR for B — ¢K and B — i K: fit the exp. data (x* = 7.6)
= No solution for sin(2¢1)sx

e Small X4 & Xy case
pht =0, phV' =05, pi =1, pj =0.746
PP — ghV Z 1800, ¢hY = —6°  (x2 = 18.3)
= B(BT — ¢K*) =7.35x10"%  somewhat small
\_ B(BT — nKT)=485x10"%  quite small

J
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~ Analysis & Results ~

Strategy for finding possible solutions

e Need new amplitude(s) to explain the large B(B* — ' K*),
but do not affect (much) the BRs of B¥(*) — ¢ K+ B — w7, K, pr, etc.

e Need new phase(s) to understand sin(2¢1 )4, [Belle, or Average of Belle & BaBar],
but do not affect sin(2¢1 ),/ k. [Belle, or Average of Belle & BaBar]

e Concentrate on d%,, and d5, :
less constrained & b — sss only!
= No contribution to most B — PP and
B — PV modes (e.g., B — 7w, K, pK, etc),
except B — n"K, B - n"K* B — ¢K

® “Zlf;} X (d§22 + d§22) only

Ao]%{ X (d§22 - d§22)
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Solution

In QCD factorization,

d': possible strong phase from O(Agep/ms) ~ O(a)
For o' = 0 = unlikely to find a solution
For &' = 30° = Solution !!

L / /% 0r, R / /% 0Rr
oy X ‘)\132)\1'22‘6 , gy OX ‘)‘122)%23‘6

(Nops| = 0.086 , |Nagy| = 0.089 , |Nsps| = 0.030 |,
HL = (.66 , HR = —2.25 , Msyusy = 200 GeV

-
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In Generalized Factorization
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Figure 1: BR vs £&. The dotted and dot-dashed lines correspond to Case 1 and Case 2

respectively. The solid line corresponds to the SM (The SM BR is same for both cases).

The shaded region is allowed by the experimental data. < = NL)
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In Generalized Factorization
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Figure 2: BR vs £&. The dotted and dot-dashed lines correspond to Case 1 and Case 2
respectively. The solid lines correspond to the SM. The upper solid line is for Case 1 and
the lower solid line is for Case 2. The shaded region is allowed by the experimental data.
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Table 1: CP asymmetries in B — ¢Kg and B — n'Kjg.

sin(2¢1) Our result | experimental data
sin(201)grs | —0.64 —0.96 + 0.50750%
[Belle]
+0.45 £ 0.43 £0.07
[BaBar]
sin(2¢1)y ks | +0.55 | 40.43 +£0.27 +0.05
[Belle]
+0.02 £ 0.34 £0.03
[BaBar]

Table 2: The BRs (B) and CP rate asymmetries (A¢cp) for B — 'K and B — ¢K.

Our result Exp. data
mode Bx10° Acp | Bx10° Acp
B~ — ¢K~ 10.5 —4% | (10.9+1.0) (3.9+88+1.1)%
B — ¢Kg 9.8 —2% | (8.0£1.3) (—19+30)%
B™ — 1K~ 71.1 8% | (77.6£4.6) 2+ 4)%
BY - nKg 65.9 8% | (60.6 £7.0) (8 £ 18)%
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In Generalized Factorization

Table 3: CP asymmetries in B — ¢Kg and B® — 1/ K.

sin(2¢1) Case 1 Case 2 experimental data
(Ne~2) | (N.~4)
Sin(261) ok < 0 —0.82 | —0.73+£0.64 4 0.22 [(NEW) —0.96 + 0.507597
[Belle]
—0.197522 4 0.09 [(NEW) +0.45 + 0.43 + 0.07]
[BaBar]
sin(2¢1 )y rs | 0.73 0.72 | +0.71 £0.3770:0% [(NEW) +40.43 4 0.27 & 0.05]
[Belle]
+0.02 £ 0.34 £ 0.03
[BaBar]

Table 4: The BRs (B) and CP rate asymmetries (Aqp) for B — nK®*) and B — ¢K.

Case 1 Case 2
mode Bx10° Acp | Bx 105 Acp
BT — Kt 69.3 0.01 76.1 0.01
Bt — nK*t 27.9 0.04 35.2 0.03
BY — nK° 107.4 0.00 08.9 0.00
BY — nK*O 20.5 —0.71 11.7 —0.15
Bt — oK™ 8.99 0.21 8.52 0.25

-
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Summar
(- Y

e In R, violating SUSY & QCDF, possible to consistently understand:
the anomalous sin(2¢1 )4, as well as the normal sin(2¢1 ),k
& the large B(B — n'K).
= Need a sizable strong phase from O(Agcp/msp) contributions.
e All the observed data can be accommodated for certain values of R, couplings.

e RPV with (QCDF vs. pQCD) would be interesting

e future measurement:
— b — sqq penguin processes (q = s, u, d):

precise measurement of direct CP asymmetries for B — ¢ K, ' K
— nK decay channels: small BR

e 2, conserving SUSY
(minimal extension of mMSUGRA : non-universal soft breaking A terms)

= interesting solutions (coming soon) Arnowitt, Dutta, Hu
Khalil, Kou
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