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@ Study of B, 4, — K(1430)P (P = K ,7) and K (1430)V (V = K* ,p,w , ¢)
decays within QCD factorization.

@ Study of the nonleptonic charmless B — SS(S = K;;(1430) , ao(1450))
decays with the QCD factorization approach.
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Mixing angles

YIER I B AEAS K, (1270), K (1400) AN FE /2 4if3 P sk Py 2%, T
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<K1(1270)> B ( sinfk, c0s9K1> (K1A> 1)
K1(1400) N COS(9Kl — Sil’L(gKl KIB
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B(B — K(1270)y) ‘ 10.1 = 6.2 (280 * 200); for g, = —58°(—37°), @2

BB — K,(1200)y) _ | 0.02 = 0.02 (0.05 £ 0.04); for 6, = +58°(+37°).

The Belle measurements B(B* — K[ (1270)y) = (4.3 £ 0.9 £ 0.9) X 107> and B(B™ — K; (1400)y) < 1.5 x 1073
[25] clearly favor 6 = —58° over 0, = 58° and 0, = —37° over fx, = 37°. In the ensuing discussions we will
fix the sign of 0, to be negative.

(f)

3H. Y. Cheng, Phys. Rev. D 67, 094007 (2003).
4H.Y. Cheng and K. C. Yang, Phys. Rev. D 76, 114020 (2007).
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decay constants

(S(»)|g27.4110) ZJ_Csp,u (S1324110) = mgfs, (2)
(S(p)|@27,.q110) = fs fig ' Py, (3)

(AP, M|@27u7591|0) = ifamaey, (4)

P | mg - _ ms 5
Jfs = nsfs meS ) —mg(,u)fS’ with fig ) —ma(p) (5)
fs=fs.  fs=—fs,  ns=—us (6)

N 24 A 1 N,
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(S(P)|AuIB(p)) = —i[(Pu—%qu> Ul(q2)+%uno(q2) :
AW NAJBE) = b AR (),
A NVBE) = —{(ms — m)el V()
(" pu)(ps + P L)
2L VI ) = V) )

where g = pg — p, VB4(0) — VEA(0)
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projection operator

= D 4 maslea(c). ®
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By (x, ) = 6x(1 — x) [1 + 3 (e (2 - 1)] ,

n=1
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factorizable term

the explicit expression for factorizable term is given by

Asa = (AM(0)(SIT,IB) = 2ma (el pp)fa U (%)

= 2y mepUP (q°), (20)
Axs = (S|J"|0)(A[J,|B) = —2fs AB*(q*)ma(€[s\p5)
= —2fs mgpeAR (¢P). (21)

where p. is the c.m. momentum.
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PHYSICAL REVIEW D 76, 114020 (2007)

Hadronic charmless B decays B — AP

Hai-Yang Cheng' and Kwei-Chou Yang”

'Institute of Physics, Academia Sinica, Taipei, Taiwan 115, Republic of China
Department of Physics, Chung Yuan Christian University, Chung-Li, Taiwan 320, Republic of China
(Reccived 4 September 2007; published 28 December 2007)

The two-body hadronic decays of B mesons into pseudoscalar and axial-vector mesons are studied
within the framework of QCD factorization. The light cone distribution amplitudes (LCDAs) for 3I:'l and
lPl axial-vector mesons have been evaluated using the' QCD sum rule method. Owing to the G-parity, the
chiral-cven two-parton light cone distribution amplitudes of the P, ('P|) mesons arc symmetric
(antisymmetric) under the exchange of quark and antiquark momentum fractions in the SU(3) limit.
For chiral-odd LCDAs, it is the other way around. The main results are the following: (i) The predicted
rates for aj (1260)7~, by (1235)7~, bY(1235)7~, a; K. and b K~ modes are in good agreement
with the data. However, thc naively expected ratios B(B~ — alm ]/315“—- a7 )=1 BB —
a, ™)/B(B" — ay 7*) ~ L. and BB~ — b)K )/ B(B* — b K~) ~ Lare not bomc out by experiment.
Thls should be clanﬁad by the improved measurements of thesa decays! (ii) Since the B = b K decays
receive sizable annihilation contributions, their rates are sensitive to the interference between penguin and
annihilation terms. The measurement of 3(@“ — b K~) implies a destructive interference which in turn
indicates that the form factors for B — b, and B — a; transitions arc of opposite signs. (iii) Sizable power
corrections such as weak annihilation are needed to account for the observed rates of the penguin-
dominated modes K;(1270)7" and K; (1400)m™. (iv) The decays B— K K with K; = K,(1270).
K,(1400) are in general quite :uppne:sed of order 1077-107%, except for B® — KJ(1270)K" which can
have a branching ratio of order 2.3 X 10°. The decay modes K; K™ and K| K~ are of particular interest
as they proceed only through weak annihilation. (v) The mixing-induced parameter § is predicted to be
negative in the decays B” — ai @~ , while it is/posifive experimentally, This may call for a larger unitarity
angle y = 80°. (vi) Branching ratios for the decays B — fym, f,K, hym and h K with f, = f,(1285),
£1(1420) and hy = h,(1170), i, (1380) are generally of order 10~ except for the color-suppressed modes
f17" and hy 7 which are suppressed by 1 to 2 orders of magnitude. Measurements of the ratios B(B~ —
hi(1380)7 ) /B(B~ — hy(1170)7r ) and B(B — f,(1420)K)/B(B — f,(1285)K) will help determine
the mixing angles 01,,‘ and 8:,,', respectively.
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TABLE VI. Branching ratios (in units of 107%) for the decays B — a,(1260)7, a,(1260)K, b,(1235)7 and b,(1235)K. The
theoretical errors correspond to the uncertainties due to variation of (i) Gegenbauer moments, decay constants, (ii) quark masses,
form factors, and (iii) Ag, pa g, ¢4 p. respectively. Other model predictions are also presented here for comparison. In [14], predictions
are obtained for two different sets of form factors, denoted by I and IL, respectively, corresponding to the mixing angles 6, = 32° and
58° (see the text for more details).

Zhao M.F. (

Mode CMV [15] LNP(D)[14] LNP(ID) This work Expt. [2-7,10]
BY— a7 743 4.7 118 9.1 03 T 122+45°
B — aya* 36.7 111 123 21.0+54°
B'—aim” 111.0 15.8 24.1 31.7=37"
B~ — alm™ 43.2 39 88 204 +4.7 + 3.4
B’ — ajn® 0.27 1.1 1.7
B~ —aja’ 13.6 4.8 10.6 264 +54+4.1
B"—ai K~ 722 1.6 4.1 163+29=23

B — afk° 423 05 25
B —a K’ 84.1 2.0 52 349 =50+ 4.4
B~ —a'Kk~ 434 1.4 28
B"— bfm 362 6.9 0.7
B — by 44 =0 =0
B — bim™ 40.6 6.9 0.7 10.9 £ 1.2+ 0.9
B — bim® 0.15 0.5 0.01
B~ — b’ 42 48 05
B~ — bYm~ 18.6 45 04
B"— b/ K~ 357 24 02
B — bYK° 19.3 4.1 04
B~ — b K 415 3.0 0.3
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TABLE VII.  Same as Table VI except for the decays B — K (1270)7, K,(1270)K, K,(1400)7, and K,;(1400)K for two different

mixing angles @k = —37° and —58° (in parentheses). In the framework of [14], only the K (1400)7° and K9(1400)7" modes
depend on the mixing angle 6, . Note that the results of [14,15] shown in the table are obtained for #x, = 32° and 58° (in
parentheses).

Mode [15] [14] This work Expt. [8]
B — Ky (1270)7" 43 (43) 7.6 30408 e 120 23,1573 <252
B — R%(1270)%" 23 (2.1) 04 L 0*""*"“6? (0.8+01+03+LT)
B~ — KY(1270)7~ 47 (4.7) 5.8 3501 3. (1”'2*3 '*%;
B~ — K[ (1270)7° 2.5 (1.6) 4.9 27*“‘*},;*“5(2 SHeITLOY)
B — Ky (1400)7* 23(23) 4.0 SATLINTY (2211010 167 = 2.635 <21.8
B — R%(1400)7° 1.7 (1.6) 3.0 (1.7) 2. 9*“*33*?; (L. 5fg;gtg;g:5;;)
B~ — K'}(1400)7~ 25 (2.5) 3.0 6.5 50 0rILe (2820050049
B~ — K| (1400)7" 0.7 (0.6) 1.0 (1.4) 30754702 (Lot
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TABLE IX. Direct CP asymmetries (in %) in the decays B — a;(1260)7r, a,(1260)K, b;(1235)7 and b,(1235)K. See Table VI for

the explanation of theoretical errors. Experiments results are taken from [4,5,10,44].

Mode Theory Expt. Mode Theory Expt.
B —afm =3.6101103 208 72015 B"—al K~ 262091071108 —16= 121
B'—a;m* —1.9p0r00¢ 1S 15x15+7° B — )K" —T.745+2 1408
B — a0m® 60.1*+44+68+376 B —ai K 0.87007 01 00 12+11%2
B —aym 0.5Z537081 1 B —alk” 84103010
B —aim —a T
B — bim™ —4.0703+04v302 B — by K~ 551030130403 “T+12%2
B — by w* 66.1113 74303 B — BK® —-8.6708433183,
B® — bix® 534704490032 B —b K" LATRIERI 50
B — b7 —36.5044 B2 B — bK~ 18,74} 808450 —46 =20+ 2
B~ — bim™ 0.9+96+23+18¢ 5-16+2
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En*. To obtain the light-cone projection operator of the
meson in the momentum space, we apply the following
substitution in the calculation:

(n‘ K ) @26
= —) 26
. 2E u  aky,

where terms of order k3 have been omitted. Moreover, to
perform the calculation in the momentum space, we need
to express Eq. (2.24) in terms of z-independent variables P
and €™ instead of p and ", Consequently, the light-
cone projection operator of the meson in the momentum
space, including twist-3 two-parton distribution ampli-
tudes, reads

T

Msa = Mo + Msar, 27

where Mg, and My, are the longitudinal and transverse
projectors, respectively.

For the vector meson, the longitudinal projector reads
[34]

n\/(swn )

ny, my(el,n.)
4 2E

[ v,

o

o hw
+

kyy 2 } k=up

2
+ o[(f) ] @28)

and the transverse projector has the form

ey A ya) —

X {— énw it () i

= h{' @)

the vector meson. For the axial-vector meson, the longitu-
dinal projector is given by

Famale Wm) 7t m mal€gyns)
4 2E

{ iuu,y,nﬂnvh”’m~,Ef dv(®, (v)

Aoys®y(u) + =42

o, h’”"(u)}
oky, 3 k=up

+ o[("") J 230)

and the transverse projector given by

— H ) ysnt

M= f,« EEOH_ysb, (u)—:f":"{tl‘“ £90)

- Ej: du(@y(v) = g WA yset N ‘k

A 8 i .
o ”,,[”,: 81"
8

F e eyl

() P

V0w a ]} +0[(”")2], @3
ko 3] iy E

In the present study, we choose the coordinate systems in
the Jackson convention; that is, in the B rest frame, one of
the vector or axial-vector mesons is moving along the z
axns of the coordinate system and the other along the —z
while the x axes of both daughter particles are parallel

094001-6

(k)

SH.v. Cheng and K. C. Yang,Phys. Rev. D 78, 094001(2008); Erratum, Phys. Rev. D 79, 039903 (2009).
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