Re-examining charmless 5 — PV decays in

QCD factorization approach
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Based on our recent works: Xingiang Li and Yadong Yang,
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1 Introduction and Motivations

The study of charmless hadronic B decays are of particular importance in cur-

rent particle physics:

* to understand the origin of C'P violation;
* to determine the flavor mixing parameters of the quark sector within the SM;
* to probe possible new physics scenarios beyond the SM.

Experimentally, huge amount of experimental data has been analyzed with ap-
preciative precision: BABAR and Belle experiments.

Theoretically, much progress has also been made: the perturbative QCD
method, the QCD factorization (or BBNS approach); the soft collinear effective
theory, and model-independent methods based on (approximate) flavor symme-

tries,....

Introduction and. ..
Decay amplitudes at. ..
Penguin contractions. ..
Numerical results and. . .

Conclusions

e E T

e |
trRE 7
| n
RN
Fem#tm |


http://www.itp.ac.cn

At the present stage, some puzzles in rare hadronic B decays still exist:

e the large measured branching ratio of B° — 77",

o the observed unmatched C'P asymmetries: |[Acp(B' — #TKT| >
‘/4cp(l3i _%,FO[(iL

e the abnormally large measured branching ratios of B — n'K and B — nK*
decays;

e the large transverse polarization fractions in B — ¢ K™ decays;

Except the first one, all these other decay modes are dominated by the FCNC
b — s transitions, which are sensitive to NP effects. Confronted with these
anomalies, theorists are forced not only to consider more precise QCD effects,

but also to speculate on possible NP effects.
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Here, we consider contributions of the higher order penguin contractions of

spectator-scattering amplitudes induced by the b — s(d)g*g* transitions.

* Contributions of the b — sgg process to the inclusive and semi-inclusive B
decays could be large compared to b — sg process: W. S. Hou, NPB308,
561 (1988); H. Simma and D. Wyler, NPB(1990); C. Greub and P. Liniger,
PRD63, 054025 (2001); G. Eilam and Y. D. Yang, PRD66, 074010 (2002).;

* These higher order penguin contraction contributions are not negligible
in exclusive hadronic B decays, especially in penguin-dominated decay

modes: Xingiang Li and Yadong Yang, PRD72,074007(2005);

* A lot of new Quasi two-body B — PV decays have been measured experi-

mentally.

To further investigate their impacts on exclusive hadronic B decays, we consider

charmless B — PV decays (P: pseudoscalar meson, V': vector meson).
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Because of their similar flavor structures, B — PV decays are closely related
to their PP counterparts. However, these modes have apparent advantages in

SOImME Cases:

* due to the less penguin pollution, B — mp decay modes are more suitable

than B — 77 ones for extracting the weak angle o of the CKM UT.

* the penguin contributions in PV decay modes are generally smaller than
in their PP counterparts, thus studies of the penguin-dominated PV decay
modes may be helpful to discuss sub-leading amplitude contributions, such

as the annihilation contributions.
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2 Decay amplitudes at NLO in o

Using the OPE and the RGE, the low energy effective for charmless B decays

arc

G * u u * & C
Heff = 7; [Vuquq <0101 + CQO2) —l_ ‘/Cb‘/cq (0101 —|— CQO2>
10

— VieVie () CiO; + CryOry + CgOsg) | +hc, (1)

i=3
where the Wilson coefficients C;(u) represent all the physics contributions
higher than the scale u ~ O(my). The effective operators (); govern a given
decay process, including current-current operators, QCD (EW)-penguin opera-

tors, and dipole operators.
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With the effective Hamiltonian Eq. (1), the decay amplitude for a general B —
PV decay can be written as
(PV|Hex| B) = Z M) C; (PV|QY|B) . 2)
p U,C

With the QCDF approach, the hadronic matrix elements can be factorized

(PV|QY|B) = F2~F T‘I/ﬂ- x fy @y + ATV T;i % fp®p

+ T % fp®p + fpPp * fy Dy, (3)

where @) are the meson LCDAs, F?~F and AP~Y are B - Pand B — V
transition form factors. The kernels TZ-I’II are dominated by hard gluon ex-

changes, and hence calculable perturbatively. The relevant Feynman diagrams

are shown in the next slide.
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After direct calculations, the decay amplitude for a general B — PV decay can

then be rewritten as

A(B — PV)=SE o ZA ?(PV|QilB)g, )

puczl

All the “nonfactorizable” effects are encoded in the coefficients af :

Ci
af(MiMy) = (Ci+ = )Ni(M)
CZ' C Qg 4 2 D
+ ]\il jﬂ lw(M2)+ Nﬂch(MlMg)]JrR?(Mg). (5)

The quantities V;(M5) account for one-loop vertex corrections, H;(Mj Ms) for

hard-spectator interactions, and P! (M5) for penguin contributions.
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The coefficients a’ (i = 3, ...,

10) always appear in pairs. So, one can define the

following quantities o in terms of a’:

@ﬂﬂﬁﬂb)

ag(M M) =

OzZ(MlMQ) =

ag,ew<M1M2> —

O o (M1 My) =

\

= al(MlMg) (M1 Ms) = as(MiMs)

) ah(MyMy) — ab(MyMy); i MiMy =V P,

| a5(MiMs) + af(MiMy);  if MiMy = PV,

<' M) i (MM); EMMy = PV,
| dG(MiMy) — B ag(MiMs) s if MMy =V P,

' ab(MyMy) — ab(M M) ; i MiM, =VP,

<\ ab(MiMy) + ab(My M) ;  if My My = PV,

( aly(MiMy) 4+ ri a§(MyMs);  if MMy = PV,

< alo(MyMs) — rM2 af (M Ms);  if MiM, =V P,

It should be noted that for different final states, the vector and the scalar penguin

amplitudes have different interference effects.
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The annihilation contributions are power suppressed compared to the leading
order terms, and hence do not appear in Eq. (3). Nevertheless, these contribu-
tions may be numerically important for realistic B-meson decays. So, we also

take into account their contributions.

A""(B — PV) f = > M fu fanb(MiMs), ()
p=u,c 1

Atorder O(«y), the annihilation kernels b;( M, M) arise from the following four

diagrams:

M,

oe]l

(d) =
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Comments on the NLO results within the QCDF framework:

e All “nonfactorizable” power-suppressed contributions, except for the hard-

. . o1 e . Introduction and. . .
spectator interactions and annihilation terms, have been neglected. Decay ampliudes at...
Penguin contractions. ..
Numerical results and. . .

e In calculating the hard-spectator and weak annihilation terms, consider-

Conclusions

ing the virtuality of the off-shell gluon, the running coupling constant
and the Wilson coefficients should be evaluated at an intermediate scale

e E T

pn ~ v/ Aqcp mp, rather than at the scale po ~ my,. 5 E R

change below the scale m;. Here, we do not consider the charm and bottom

_waEn |
_#ER |
e However, the evolution of C;(u) down to y, is nontrivial, since the RGE will | » |
> |
EXLETE

HEi13mtazn

threshold and evolve the Wilson coefficients in a 5-flavored theory. With

B[
this approximation, all logs of the form log (11/Myy) have been resumed, srer |
while logs of the form log (11/my) and log (11/m..) are not. Since the latter x|

two terms are never large with ;1 > my,/2, the approximation would work. B
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3 Penguin contractions of spectator-
scattering amplitudes induced by he

b — s(d)g*g* transitions

For exclusive hadronic B decays, at the quark level, the b — s(d)g*g* transitions
can occur in many different manners. The relevant Feynman diagrams include

the following three categories:
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Representative Feynman diagrams induced by the b — Dg*g* transitions which

are not needed to evaluate. With the operator (), replaced by the other operators,

the corresponding Feynman diagrams can also be obtained.
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MQ M2 M2
b b b
B rQSg Ml B QBQ M1 B QSg

(a) (b) (c)

Chromo-magnetic dipole operator Qs, contraction contributions induced by the BloARGA

b — Dg*g* transitions.
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Comments on these higher order penguin contraction contributions:

e Among all the penguin contractions of spectator-scattering amplitudes of
Introduction and. ..
order o2, these Feynman diagrams induced by b — s(d)g*g* transitions Becay amplitdes 3t
Penguin contractions. ..
Numerical results and. ..

should be the dominant resources, since they are not genuine two-loop QCD

Conclusions

diagrams, and hence there are no additional ﬁ suppression factor in their

o

contributions compared to the genuine two-loop ones of order @3. paza |

e Studying these higher order penguin contraction contributions could be very
KEEN
EKEEN
LT

HEismta3n

helpful for our understandings of the dynamical mechanism of hadronic B
decays, the higher order perturbative corrections to the rare hadronic B de-

cays within the QCDF formalism. o

e In addition, studying these higher order penguin contraction contributions

may help us to further constrain possible NP parameter spaces.
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e In evaluating these higher order Feynman diagrams, we have adopted the

naive dimensional regularization (NDR) scheme and the modified minimal

Introduction and. . .

subtraction (MS) scheme. Decay ampliudes ...

Penguin contractions. ..
Numerical results and. . .

e In addition, we have adopted the Feynman gauge for the gluon propaga- Conclusions

tor. In principle, the gauge invariance will be guaranteed when the full

set of Feynman diagrams are summed with the external quarks being on- EL
mass-shell. However, we must be careful of the gauge dependence in our L LN
: : 9 . « | » |
calculation, since only a subset O(«?) Feynman diagrams are calculated.
K
e After careful checking, we find that each Feynman diagram of our concerns #1072 7|
is gauge independent, using the on-shell condition of the external quarks & o
and the gauge invariance of specific Dirac structures of the dipole operator 2RI T

| zRar |
()3, and the building blocks. x4 |
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After lengthy and careful calculations, the total contributions of the higher or-
der penguin contractions of spectator-scattering amplitudes induced by b —

s(d)g*g* transitions can be written as

G 1
.A/(B — PV) — =i Ch AQ1 + (03 — — Cg) AQB + Cy .AQ4 + Cy AQ@'
\/5 pD=1u,C 2
+Cs AQ8 + Cho 'AQm + ng AQ8g ’ (8)

The total decay amplitude for a given B — PV decay is then given as

(PV|Heg|B) = A(B — PV) + A*"(B — PV)+ A (B — PV). (9)
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4.1. Numerical analysis of penguin contraction contributions

We first discuss the relative strength of each Feynman diagram of our concerns.

e Numerical results of each Feynman diagram corresponding to the chromo-

magnetic dipole operator ()g, contraction.

Decay mode @3, Prry,  Par @iy, P ®rry @i, @iy

Fig.(a) B — PV —67.50 —125.76  —9.64 —18.94
B—VP —67.50 4.82 3471  —3.79
Figs.(btc) B = FV ~150  —354  —1.07  —0.42
B—VP ~1.50  —1.61 1.86 0.42

The main contributions come from Fig.(a), and the other ones play only a minor

role. These amplitudes do not have any strong phases.
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e Numerical results of each Feynman diagram corresponding to the four-quark
operator (){ contraction. Terms involving the twist-three LCDAs are given

in unit of the factor -

M

modes ¢M2@M1 CI)M2(I)m1 q>m2q)]wl q)mg cbml
Fig.(a) PV —1.39—-12.65¢ 0.17—14.10¢ —0.15+15.38% 0.12413.51¢
VP —-139-12.656¢: —-0.02+4+1.28: —0.12+11.11% —0.01 —0.44¢
Figs.(b-+c) PV —-0.01 - 1.0567 —-0.12-1.21% —0.62+0.817 —0.18—-0.11¢
VP —-0.01 —1.05% —-0.39—-1.25¢% —0.084+0.78¢ —0.10—-0.19¢
Figs.(d-+e) PV —9.03+14.94: 19.19+428.30: 4.32—-21.297 10.82 —15.691¢
VP —9.03+14.947 14.26+9.041 0.83 -16.78¢  —0.39 —3.464¢
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From the above numerical results, we have the following observations:

e Contributions of Figs.(b) and (c) are generally much smaller than those of
the other three ones, and the main contributions come from the diagrams

Figs.(d) and (e).

e Although each term labeled by the meson LCDAs in each Feynman diagram
has a large imaginary part, and hence a large strong phase, the total strong
phase of each Feynman diagram is small due to cancelations among the four

terms.

e For each term labeled by the same meson LCDAs, there also exist cancela-

tions between the diagrams Fig.(a) and Figs.(d+e).

Thus, the final total strong phases corresponding to ()Y contraction are quite

small. The same is true for the other operator contractions.
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PV decays with AS = 0.

4.2. Branching ratios of B — PV decays

o C P-averaged branching ratios (in units of 107%) of tree-dominated B —

Decay mode

NE

Bf

Bita

O(ay)

O(as + a?)

O(ay)

O(a, + a?)

BEXP.

B™ —a p°

B~ — 1%~

SNGu o
T
oIS 2T
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11.18+5%
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013
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6.96759¢
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8.1575:59
T A
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ENIRN 1500
0.401932
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T
6.84759%%
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113 315w
13.0178%4
N7 357020
20.487 %51
10.47735
10.8674:57
30.20713-85
31.341}382
0.391032
0.2910%
7.4738
6.90753%
0.0219.93

0.029.93

8.131523
7.4473%
1B 2200
13.00759
20.3471%20
21. 25078
11.1573%
iblk57 752
31.4913:4
32.82F11-3¢
.U
0.2270:89
7.10%35
6.547259
0.00570003

0.0100003

8.01737
T36u v
13.4875:7
13.2076:22
2050
210521
NN
Wl
31.83113-42
33.04716:32
0.301027
0:23u0vg
TAREE:
6.6075:39
0.004F5:554

0.01070:029
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10.8714
13.9722
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24.0+£25
1.8310:3¢
6.6 4 0.6

<1.2
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For these decay modes, we have the following general remarks:

_O . - . .
e The decays B — 7 pT and B~ — 7'p , 7 p', 7 w. Our results are
Introduction and. ..

generally consistent with the experimental data within errors. Since these Decay amplitudes at...

Penguin contractions. ..

decay channels are dominated by the color-allowed tree amplitudes, both Numerical results and...

Conclusions

the weak annihilation and the higher order penguin contraction contributions
are small. In addition, the main theoretical uncertanities come from the form

factors and CKM matrix elements.

o

e E T |

e The decays B. — 700 and B° — n'w. Since these decay channels are | » |
dominated by the color-suppressed tree amplitudes, their branching ratios ]
are predicted to be very small. The weak annihilation contributions are quite ﬁwf—:ml
large, while the higher order penguin contraction contributions are small. ﬁ;ﬁ;ﬁ |
Besides the form factors and CKM matrix elements, the spectator-scattering T

amplitudes also cause sizable uncertainties. B
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o C P-averaged branching ratios (in units of 10~°%) of penguin-dominated (the

upper six) and annihilation-dominated (the last two) B — PV decays with

AS = 0.

Introduction and. . .

Decay amplitudes at. ..

Decay mode NF Bf Bf+a BEXP. Penguin contractions. . .
Numerical results and. . .
O(Oés) O<a8 + 04?) O<a8) O(Oés + ag) Conclusions
B~ — K-K* 015750, 0187008 0.28704s 0.2310-85 03419078 <53
0.321913  0.237580  0.337545 0.291514 0.4019%
B S ROK®  01419% 016799 026952 020708 031701 p
Y1 I°] 1
0.29108  0.227910  0.3191% 0261349  0.36131¢ ELELE
B~ — K°K*~ 0.0670% 0.10103%  0.107039 0.1875:27 0.1875:2¢ wEA |
0.057001  0.08T50:%8  0.07104 0.1519:2 0.1410:28 «lw
B’ — KK 0.06%012 0.09t0L (09018 0.1875:26 0.17+5:27 IR
0.0475035  0.07753¢  0.061055 0.1570:22 0.1475:24 < ||
B~ — 1 ¢ ~0.001  ~0.008 <0.41 o s
~0.001 ~0.007 lalutd
B’ — 7% ~0.0003 = 0.004 <1.0 E &
~ 0.0003 ~ 0.003
— 2REETF
B’ - KK+ 0.018%5:004 _2rer
0.01970:9%3 x 8 |
B’ = K-K*t 0.01879:904

0.01970-093
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For these decay modes, we have the following general remarks:

e The decays B~ — K~ K** and B — K K*0. These decay channels are

dominated by the b — d penguin amplitudes, and the dominant term is pro- Introduction and. .
Decay amplitudes at. ..
portional to the coefficient oj( PV'). Large interference effects between the Penguin contractions...
Numerical results and. . .
two terms are expected and the branching ratios have a strong dependence Conclusions

on the angle ~. The higher order penguin contraction contributions can pro-
vide about 60% enhancements. The main theoretical errors originate from 7 ER

o

ELEEN
XN
IR
KNS
EELETEI

the quantity \p.

e The decays B~ — K°K* and B, — K°K". The dominant contribu-

tion is from the coefficient o/j(V P), where delicate cancelations between FosAHST
the vector and scalar penguin contributions occur, their branching ratios are B[
relatively small. This also renders the weak annihilation contributions po- LN
tentially large. The higher order penguin contraction contributions are small.

B

The theoretical errors are mainly due to the strange-quark mass and \p.
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. N —0
e The decays B~ — 7 ¢ and B — 7’¢. These two decay channels are Iniroduction and. .
Decay amplitudes at. ..

electro-weak penguin dominated processes. Large “nonfactorizable” con- Penguin contractiors ..

Numerical results and. . .

tributions dominate these decays, while the theoretical predictions are still CEREUETTE
quite lower than the experimental upper bounds. The higher order penguin

o

contraction contributions have negligible impact on these decay channels. BELEL

e The decays B - K*K *=, K~ K*". These two decay channels are pure

KEEN
_ <] |
EZLETE

have no impacts on these decay channels. Studying on these decay modes FooWH# 43

annihilation processes. The higher order penguin contraction contributions

may be helpful to learn more about the strength of annihilation contributions B

and to provide some useful information about final-state interactions.
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e ('P-averaged branching ratios (in units of 107%) of penguin-dominated

B — PV decays Wlth AS - 1 Introduction and. . .

Decay amplitudes at. ..
Penguin contractions. ..

L)ecay mode NF B f B f+a BEXP. Numerical results and. . .
Conclusions
O(as)  Oas+a?)  Oas)  Oa, +a?)
B~ > K 2370072 9260109 426172 350112 5394201 198108
4897158 3.3571% 501718 4.45715%F  6.3413%8 S
Y1 I°] N
B~ - n°K*  1.82107% 1.8870R 273733 2.3370%8 3.29703  6.9+£23 | g |

S WO 0ET 3.05702 2,750 00 SN o &
B’ otk 184100 1927089 3044164 9 7tl08 3 g+l A T | |
3.4011 2321112 343t16T 99913l 430209
B = 'K 049707 053103 108707 0.80%082 145408 17408 ]
1.2470%6 0731052 1.28%018  1.0710%5 1.72%0%: PE E ey

B~ > K¢ Sl 273013 5061208 4.0471%  g77fRTE 9.0379-5
OG22 000198 6327207 5591228 g 40+267

B —-K ¢ EEEN O T 3671130 6.191280 8.31]2 SREF

9467385 3.63%1§  5.8877%  5.0977y 770739
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o C P-averaged branching ratios (in units of 107%) of penguin-dominated

B — PV decays with AS = 1. (continued)

Decay mode NE Bfta BEXP.
O(as)  Olas+a?)  Oas)  Oas+a?)
B~ — K p~ 1.057212 1741309 1651310 3 qgtdd2 354394 < 48

0.76 7241
B~ — K= p* 0.7775%
0.58" 536
B - K-pt 250131
2.28%333
B> RK® 1427359
1.3275:72
B~ — K w 089713
. 0.4070%%
B - Kw 01755
0.037029

1.367259
0.997 550
0.7875:58
3.44 1420
3.0473-68
1.98%%43
1.807287
216775
1.75%283
1.03%5:5%

0.761 539

1.2072:89
0.967 552
0.72+132
3.317180
2.8173 17
1.9072:42
1.66% 50z
2.100%3;
1.65%227
0.99748%

0.69734

273771
1.56%5:95
1.28%573
BT
4.86751
3.03134%
2.8812:61
3.0739%
2.617329
1787353

1.4372-28

2.491342
LB
1.197342
oRibh
ALEB R
2.941%58
2.701359
2.9913-07
2.471325
1721226

1.331299

4237037
9.91]8
51+1.6
6.5+ 0.6

4.7£0.6
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For these decay modes, we have the following general remarks:

e The decays B — mK™* and B — ¢ K. Our central results are still lower than

the experimental data. The dominant contribution is the coefficient o/j( PV'). Introduction and...
Decay amplitudes at. ..
The higher order penguin contraction contributions can give enhancements Penguin contractions...
Numerical results and. ..
by about 40% ~ 90%. Large interference effects between the tree and pen- Conclusions

: : . =0
guin amplitudes in B — 7"K*~ and B~ — w’K*", are expected, thus
possible to gain information on the angle . The main theoretical errors are 7 EER

o

ELEEN
XN
IR
KNS
EELETE

due to the CKM elements, form factors, and ).

e The decays B — Kp and B — Kw. The dominant term is the coefficient

o/ (V' P). Because of the destructive interference between the vector and g AL

the scalar penguin contributions, these branching ratios are much smaller B[

than their B — PP counterparts. The higher order penguin contraction _#RaF |

contributions are quite small, and tend to decrease the NLO results. The Leza |
B

main theoretical errors are from the strange-quark mass and form factors.
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4.3. Direct C P-violating asymmetries of B — PV decays

e Direct C'P-violating asymmetries (in units of 10~2) for tree-dominated B —

PV decays with AS = 0.

Introduction and. ..
Decay amplitudes at. ..
Penguin contractions. ..

Numerical results and. . .

- Conclusions
Decay mode Aé b, Af+a BEXP.
O(a) O(as + a?) O(a) O(as + a?)
B~ — 71 p®  3.2571% 5.2615:52 3.627229 5.6413:58 —7t12 nozm |
2.83+2:3 402139 3.3912:3¢ 4.581378
B~ — % —2411081  —3.6973% 263198 3881 1411 L
—1.747988 2497952 20307 276709 “« | »
B’ > rtp  —1.05%012 2651092 1031012 _o57t080 1549 <,
—0.6870% 16802 —0.6570)7  —1.6270%
B > pt 040798  _0.03138  0.3140% —0.13138 4782 LIRS
—0.76703;  —1.36T5g  —0.88T03%  —1.49%0g & o
B —r%0 5647075 59200715 —1349T58 0220555 491 ]
ST 7S
—4.42%5558 1058550 —19.13%3558  —1.68¥515
B~ —mw  —1.95tL81 4407168 _jgqtls8 _y ystl66 g4 g x|
—4.4672H —6.66723 —4.3672L  —6.647232 =



http://www.itp.ac.cn

. . . . . . . . . Introducti d...
e Direct C'P-violating asymmetries (in units of 10~2) for penguin-dominated i
ecay amplitudes at. ..
Penguin contractions. ..

B = PV decays Wlth AS = O Numerical results and. . .

Conclusions

Decay mode .Aé P A é—i}—ja EXP.
O(a) O(as + a?) O(a) O(as + a?)

B~ — K-K* 3628730 —19.297%%% _31.087437 —15.34757%1 . GELE

O : —42.067355 2833188  _36.927590 24271878 wE R
B" — K K* 3627720 —19.20%83% 3272730 —17.5671% . «l

—42.061233  —28.3318%% —38.64751% —26.25707%
B~ — KOK* —12.647449 _0095+43 g 411808 _q593tass ||
—2.967823  _18.2675%  0.18T198  _9.1788 Fo AT

—2.96788  —18.2673%  —1.767%13  —12.22%59¢

B — KK —12.6475% 22251438 SGDSE IR
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e Direct C'P-violating asymmetries (in units of 1072) for B — PV decays

with AS = 1.

Introduction and. . .
Decay amplitudes at. ..

Penguin contractions. ..

Decay mode Af Aé }Lj BXF. Numerica esults ard...
Oas)  Olas+0a?)  O(ay)  Olas+a?) Sonclisions

B~ > K° 149102 0.761026  1.22t014 57102  _93+6.0
L7705 114455 1475518 093153

B~ — m0K*  14.03%2%8 1821734 11.98%24  15.48+%% 4+29 _ wAzA |
13.097338 14857357 11.27f274  12.72727T4 waA |

B’ - atK— 9147181 17.18%639  711#l81 13754880 54 1y T |
3.8910:6 9.161287 2.8610:22 716119

B’ — K" 11584 —9.94%H 920020 83438l 1t | > |

—12.14%2%  —10.06739) —9.971338  —8.601 3¢ P —

B~ — K ¢ 2.087053 1.0715:32 1.6170-2 0.787039 3.7+5.0 |
2SR TP 4027 174023 e

B K¢ 2.08+0:50 i 70020 () got02 9+ 14 LEET

2.3310 5%

1.497039

1.9610:5;

1.30%0:52
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e Direct C'P-violating asymmetries (in units of 1072) for B — PV decays
with AS = 1 (continued).
Decay mode Aé » Af+a BEXP.
O(as) O(a, + a?) O(a) O(a, + a?)

B~ —>Kp~ 049101 0.93+0:34 0.37+9:47 0.67+9:20
0.1173% 0.807050 —0.0270%  0.4170%

B~ — K—p° —7.99*1L38  _362+1739 7394468 _ 4 554850 31412
5.8872017 15311338 _0.38T1362 5172392

B’ = K-pt  —1.767384 024748 _go1tl2l g 46t299  (7HIS
412755 T89TS  3.02%%g 54475

B S EKp®  0.587389 ON Sl 7.65728 Wik,
12.367578 12,9158 9.8113:93 10.2373422

B~ - Kw —471%2% 2851320 4357200  _304%2%2 247
47578557 8.6913551 1.3915:20 3.9415-10

B> Kw  —9.65T40  _800t39l  _76172%  _7.13%260 44493

—12.8572:95

11,6173

—10.5514%4

—9.94 1421
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From these numerical results, we have the following general remarks:

e Since the strong phases are suppressed by « and/or Aqcp/my, within the

Introduction and. . .

Decay amplitudes at. ..

QCDF formalism, the direct C'P asymmetries for most B — PV decays Penguin contractions...

Numerical results and. . .

are predicted to be typically small within this approach. Conclusions

e Due to large cancelations among the strong phases associated with the
8 R

5 5 5 : : 5 EE R
higher order penguin contraction contributions, the new higher order con- _razz |

tributions have only small effects on the direct C'P asymmetries.

KEEN

e However, for b — d penguin dominated B — K K* decays, since af ~ ol < ||
and |V Vil ~ |V;Vei|, large direct C'P asymmetries are predicted. In B3 7 %43

addition, due to large interference effects between the tree and penguin am-
plitudes, the direct C'P asymmetry of B~ — 7K *~ decay is also predicted

to be large.
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e Both the higher order penguin contraction and the weak annihilation contri-
: - : : —0
butions have significant impacts on the direct C P asymmetry of B~ — 7°p°

decay, due to the delicate cancelations among the competing terms, making g'""d”c”"’”l_f"d""'t
ecay amplitudes at. . .
these sub-leading contributing terms potentially large. o EnIEsIan

Numerical results and. . .

Conclusions

e The higher order penguin contraction contributions to the direct C'P asym-
: —0 —0 —0
metriesof B - n"p ,B- > 7 w,B — 7 pt,and B — K p* decays

are also quite large, increasing the direct C' P asymmetries of the former two,

o

e E T |

while decreasing those of the latter two by the same magnitude. “ | » |
5 A0 o o < | 4 |

e Although the uncertainties from various input parameters are reduced to
%%ﬁ#mﬂ

some extent, the renormalization scale dependence of the direct C'P asym-

&g

metries for some decay modes, such as B~ — K w and B~ — K p°
=2RET |
decays, are still large. This is due to the fact that the imaginary parts of the Y

coefficients a; generally have a larger scale dependence. B
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4.4. Ratios between the branching fractions of B — 7w K*, K p decays

Since theoretical uncertainties in the branching ratios can be largely reduced by

taking ratios among them, we define the following three ratios, just like the ones

defined for B — mK decays.

5 B(B' — ntK*)

R(rK™) =
R.(7K*) = 2
R,(rK*) = %

By B(B~ — W_F*O) 7

B(B~ — m'K*")

B(B~ — W_F*O) ’
BB’ - rtK*)
BB — K"

(10)

(11)

(12)

With 7(K*) meson replaced by p(K) meson, we can get another three similar

ratios for B — K p decays. These ratios should be more appropriate to derive

information on the weak phase angle -, as well as the relative strength of tree

and penguin contributions than branching ratios.
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e Ratios among C P-averaged branching fractions of B — 7w K™, K p decays.

NF

O(ay)

O(as + a?)

O(ay)

O(as + a?)

EXP.

R(rK*)  0.841318
0. 75 s
R.(mK*) 1.53%34%
1.2475.27
R, (nK*) 1.873%
1.371938
R(pK)  2.55X53;
BT
R.(pK)  1.4T%5g
PR
R.(pK)  0.88%0%
0.87105¢

0.801518
0.7479:18
1510 2
IR5910 25
1.807545
1.58+3%
2.127584
2 Ailure
1.1470%
1.1475:49
0.8715:33

0.8415-39

0.77%011
0.74%541
15285
1.221928
1.417033
L3305
PRIKE TS
2. B
1.167543
1.214578
0.871953

0.8510:39

0.761915
0.72%515
1.337037
1.24+0:32
1.5470:6
LAl
1.7870%
1.9175:25
0.987058
0.9415-59
0.87035

0.8410-2

0.761012
NS
1.2270:3
Il
i3l
1525
1.80047
1.971538
0.997955
O
0.871928

0.8470:26

1.18 £0.17

1.28 +£0.44

3.44 +1.68

> 0.22

> 0.18

0.97+£0.34

Main observations about these ratios are:

e Our theoretical predictions for most of these ratios are in agreement with the

data, considering the large uncertainties in the experimental data.
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e The current data indicate that R, (7 K™*) is somewhat larger that R.(mK™),

but with large errors in the former. Due to the insufficient data on the K p

modes, direct experimental comparison between R.(pK ) and R,,(pK) is not

Introduction and. . .

Decay amplitudes at. ..

feasible currently.

Penguin contractions. ..

Numerical results and. . .

e Theoretically, differences between the two ratios . and R,, for both 7 K* Conlusions
and K p modes arise mainly from the EW penguin coefficient aé”ew and the
8 R

color-suppressed tree coefficient ao, both are predicted to be small here. ELELE

So, the ratios R. and R,, are expected to be approximately equal within the

44 | »» |
K
EXEETLS

HEa1 w3

SM. However, due to delicate cancelations among various competing terms,

they are strongly affected by sub-leading contributions. After including the

annihilation contributions, R. and R,, tend to be approximately equal. = =
e These ratios remain nearly unaffected even with these new higher order pen- [ ewEs
X M |

guin contributions included, because their contributions to the decays in the

same ratio are similar in nature, and hence eliminated.
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5 Conclusions

Charmless B — PV (with P = (7, K), and V = (p, K*,w, ¢)) decays have
been re-analyzed within the QCDF framework, taking into account the penguin
contractions of spectator-scattering amplitudes induced by the b — s(d)g*g*
transitions, which are of order o2

Although the theoretical results presented here still have large uncertainties, the
higher order penguin contractions of spectator-scattering amplitudes induced
by the b — s(d)g*g" transitions, have been shown to be very important for
exclusive B — PV decays, particularly for those penguin-dominated ones.

Further detailed analysis of these higher order corrections are very promising
and interesting.
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Thanks to all! Py
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