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Impact of subleading corrections on hadronicB decays
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We study the subleading corrections originating from the three-palqag)( Fock states of final-state
mesons irB decays. The corrections could give significant contributions to decays involving (amy(') in
the final states. Our results indicate the similarityud€ andw 7~ rates, of order X 108, consistent with the
recent measurements. We obtaig{B— J/¢/K)~0.27+0.05, in good agreement with data. Without resorting
to the unknown singlet annihilation effects, three-parton Fock state contributions can enhance the branching
ratios ofK 7’ to a level above 581076,
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The rareB decays allow us to access the Kobayashi-may give the dominant contribution K modes as shown
Maskawa mixing angles and search for new physics. Muclin the QCDF fit [8] for B— PP together with someB
progress in the study dB decays[1-3] has been recently — VP modes.[However, including the contributions from
made in QCD-based approaches. In the perturbative QCRnnjhilation effects, the PQCD results read @q(_w)io)
(PQCD framework, the importance of the weak annihilation <5y 106 [9].] This result hints that, to account for the

effects 'nBHK_T’. decays was f'TSt emphasized in RES_], .large KO rate, the annihilation contributions to the BRs of
where the annihilation contributions are almost pure imagi-

d theref Id lead @P t dicti all B—KV modes should be over 80%. If this is true, it
gi?frgr:th fro(ra‘r:etﬁ(rae S%LIJD faeciorizati%?(gcnlgeﬁryrggﬁltlsc[Il(}ns should be easy to observe, for instance, the simple relation
. +1¢—,0. O —,0. -0.1- 2. 2

Nevertheless, the QCDF study showed that the annihilatio K .p_K .'“’K . L:(1N2)%(1N2)?, the same as
effects may play only a minor role in the enhancement oftneir annihilation ratios squared. Nevertheless, if the global
7, wK branching ratiogBRs) [1]. A recent QCDF fit to f'ttsweztiq%?g tqlfgemsgsyrﬁagv rEOdeSe'rabfemgg(?f't
K, rates[2] indicated that, even if the annihilation con- gnnot be reacV\rllled The al?esent agD Zr rlgach sesemls un-
tribution is neglected, one can still get quite good fitting ; v 1o off h tp' ; Q d I.pp B VP
results provided that the strange quark mass is of order Sk}(ey O offer a conerent picture in dealing wits—
MeV. mod

The annihilation effects might be much more important
for VP modes, wherd®> andV denote pseudoscalar and vec-

In this article we take into account the subleading correc-
tions arising from the three-parton Fock states of final-state
tor mesons, respectively. It has been pointed out that, in th esons, as erlcted n F'g'. 1’.t.0 QCDF de(?ays amplitudes.
absence of annihilation effects, tk BRs are~4x 10" e find that, it could give significant corrections to decays
[4], which is too small compared to the data8x10-¢  With w or ) in the final states. A simple rule extended to
[5,6]. Recently the Belle experiment observed a lagge™ BS—L> PP,VP modes is obtained for the effective coefficients
rate (6.733+0.6)x10°°, and wK /wm ~1 [5]. Sizable &  With the subleading corrections
wK results are also reported in new BaBar measureniéhts
with K™ %~w7~~5x107°. It is hard to understand the
large strength ofoK rates from the theoretical point of view.

The ratiowK® w7~ reads

e

WK ™ ~|Vep/Vyp|2(fic 1.,)?

a4_a6r5+2r2(a3+a5+a9/4)+foKbg‘z (a)
X
a;tra; |

@

where ry=f,FF7T,A5¢, 1= (FF*F,)I(A5"Tx), r&
=2m§/[mb(ms+ m,)] is the chirally enhanced factor with b

ms , being the current quark masses, dne=b3(K, w) is the B TC
annihilation contribution defined ifi7]. The w7~ rate de-
pends weakly on the annihilation effects. Without annihila- (b)

tion, sincea, and aﬁr)'j terms in thewK® amplitude have

opposite signs, the ratioK®/ w7~ should be very small. A FIG. 1. The contributions of thgqg Fock states of théa)
possibility to explain the data is that the annihilation effectsand(b) =~ mesons to th ™ — w7~ amplitude.

0556-2821/2004/69)/054025%5)/$22.50 69 054025-1 ©2004 The American Physical Society



KWEI-CHOU YANG PHYSICAL REVIEW D 69, 054025 (2004

agiL: ag+[1+(—1)%i"%i]cy, _4f4/2, gikg v, wherek, is thegluoris momentum, and the resultant
calculation can be easily performed in the momentum space

by substitutingx,— — (i/v)(d/dkg). The result of Fig. (a)

is found to be
wherei = .,b, anct; are the Wilson coefficients defined

at the scalmh— VA ,mg/2=1.4 GeV with A, the momen-

a5 =ag_1+(—1)%"%icyfs,, 2

tum of the emitted gluon as shown in Figbland

(w77 |01|B™ )rig. 1(a)

\/— 2

V2 =f ([P (1 ys)b
_ — — _ [} %) 75 |B >
_ _ 2P (aj) =V (a;)
in the SU3) limit. Here O;=sy*(1— ys)uuy,(1— ys)b, X Da—ag : 6

anday is the averaged fraction of the” momentum carried
by the gluon. For thewK amplitudes, the termaz+ as,
which is originally negligible, is replaced bg;+as+(c, . = )
—cg) f3, and the latter gives a significantly constructive con-""9 %u gnd o for the o, S0 that Eq(6_) vanishes. .
tribution to the rates. It can thus help in understanding the In Fig. 1b), we consider _the emltteq gluon which be-
reason for the similarity betwedfw and7~ w. On the other comes a parton of the pion. We first tal®,,(vX)
hand, the subleading corrections can contribute significantly G,W(O)e'”k * and then adopt the collinear approximation

to the processes withy") in the final states, for which the Kg=agp., in the final stage of the calculation, wheg is
term a;—as always appears in the decay amplitudes andhe averaged fraction of the pion’s momentum carried by the
becomesa;—as+ (c,+Cg) f5 after taking into account the gluon. The calculation is straightforward and leads to
corrections. We also get;-(J/yK)~0.27+0.05 which is
well consistent with the data. The result resolves the long-
standing sign ambiguity of Rag). <w777|ol|Bi>Fig. 10)

Let us study the subleading corrections originating from

oo

Due toG parity, ® and¥ are antisymmetric on interchang-

the three-parton Fock states of final-state mesons. Taking the
o7 mode as an illustration, there are two different types of
diagrams shown in Fig. 1. In the following calculation, we

adopt the conventions D,=d,+igsT?A2, Gaﬁ X (7~ |dy
=(1/2)€4p,,G"", €912%=—1, and use the Fock- Schwinger " KT
gauge to ensure the gauge-invariant nature of the results, .
Ll Y'(wkg+up,)y” 7“(vkg+_um)7”>
AL (X)= f dvvG,,(vX)X". (4) “\ (vky+up,)? (vkg+up,)?
For Fig. Xa where the contributions come from the three- 2\/§fw . _
parton Fock states of the, because of th¥ — A structure of =—=— Po(7 |dy*¥50:G,,0IB7), (7)
the weak interaction vertex, the relevant three-parton light- agMg

cone distribution amplituded.CDAS) up to the twist-4 level
are given by[11] where thew mesons’s asymptotic leading-twist distribution
amplitude ¢,(u)=6uu has been taken and=1-u. We
have two unknown parametepﬁj{rr‘|Ey“y5gséa#b|8‘>
and ;g needed to be determined. First, let us evaluate

pZ(w‘lEy"y5gS(~3aMb|B‘). The matrix element can be cal-
culated by considering the correlation function

(0(Py,M)|U(0)7,9:Gap(vX)u(0)|0)

ipwxvag[ (pgga,u,_ pzjgﬁp,)q)(al)

TR oy Pu(PpXe = PaXp) [V () =P (ai)], (5)

Ha(p,D+Q)=if d*x€PX(7 ()| T[isp(X)e(0)1/0)
where Da=dada,dagé(l—ay—ay—ay), with

ay,ay,aq being the fractlons of the momentum carried by

theu quark,u quark, and gluon, respectively. Heteand ¥ =
are the twist-4 LCDAs. Note that all the components of the

coordinatex should be taken into account in the calculation e ~ _
before the collinear approximation is applied. The exponen- X(m~[dy*y59sGa,bIBT(q+P))+ -,
tial in Eq. (5) before the collinear approximation is actually (8)

mafg 1

My mZ—(p+q)?
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1
Pan( ) =360ugayaag) 1+ wy o5 (Tag—3)

+wy o 2—dagay—8agt8aj)

+ w1 (3aga;—2a4+ 3aé)

~ 1
b, (a;)=305%aj(1—ag) 3+ 2:(1-2ay)

Z&H( ap)=— 12052adajag

1
3+e(1-3ag)|.
(13

Since the quark’s momentum after emitting the gluon is
roughly of ordemg/2 and the emi luon’s momentum i
FIG. 2. The diagrammatic illustration to the correlation func- oughly o O—de . e/ a_dt e emitted gluon’s momentum is
tion, Eq.(8). A\~ agp, (ag will be discussed beloywe set the scale for
the separation of the perturbative and nonperturbative parts

. = .= o at u,=VA,mg/2=1.4 GeV. The corresponding parameters
where j5,=0d9:G,, v ysb.js=biysu, the ellipsis denotes the scal)f'w: readf;, =0.0032 GeV, w; o= —2.63, w,
contributions from the higher resonance states, which can g go wy=—1.05,5°=0.19 GeV, £=0.45[13]. To cal-

couple to the currenfg, and the transition matrix element culatef . , the contributions of higher resonances in EB).

can be parametrized as are approximated by
- - B . QCD
(7 ()] dy* 7535 .,.b|B~ (p+a)) L= mla o (14
— 277
P (P (P +20)1.(P). (9 7% s=(p+a)

. ) 5 ) ~ wheresy is the threshold of higher resonances. Equating Eqgs.
_In the deep Euclidean region op¢q)*, as depicted in  (g) and (10) and making the Borel transformatiof m3

Fig. 2 the correlation function can be perturbatively Calcu'—(p+q)2]*1:exp(—m§/M2), we obtain the light-cone sum

lated in QCD and expressed in terms of three-parton LCDASgj|e

of the pion,

ocD 1 du u
Ha =0a 0 mz_( + 2 dag
b~ (P+uq)°Jo

1 J—
f_(p?)= Mo [ gy [ dageltmymi=(m-up?um?y)
2 g
2mgfgJo A

2 2
m,

p My ~
X fawT%w—fwT(sﬁn—Z(ﬁﬂ , (19

X [ - 2(p Q)f37r¢377+ f'n'mb(:b”_ Zaj_)]! (10)

where u= a4+ ay, and the three-parton pion LCDAs are and f, (p%)=—f_(p®), whereA=u—(mj—p?)/(so— p?).
defined by[12,13 Using the above parameters for LCDAsm,=4.7
+0.1 GeV, andz=180 MeV,\\:zve obtair; the stable. prze-
oy diction by adoptings,=37 GeV¥ and M“~[9-20] Ge\".
(m(@)d()gsG .u(vX) 74575U(0)[0) The resu};t is é)epi%tgd in Fig.(8. The res[ulting?] value is
=if3,005(0,9,0— 4,9,0) f;(mi)=t(0.057io.005) GeV, where the uncertainty
comes from the sum rule analysis. We then get

~0a(9u905~ U,9,p)] f Da gy, ™', (1) peir|dyryegE,,blB )= —f_(m2)X (mg—m2—m2)

~—1.6 Ge\. (16)

(@) |d(X) 7,95G ap(vX)u(0)[0 _
< pIsTap ) Next, we determine the value aof;. For illustration, we

plot in Fig. 3b) the amplitudeA; of thef_(mfu) sum rule

versus ey and u(=ag+ag) by adoptingM?=10 Ge\?,
q whereA;  satisfiesf _ = [§ duf§ dagA; , i.e., the volume
—ifw—’;((qaxﬁ—qﬁxa)J' Da( ¢+ ¢, )€™ v29) in the plot is equal td _(m32). The resultant form factor is

q dominated by the region where=60%,aq=<30%. The av-

(120  eraged fraction of the pion momentum carried by the gluon
~ ~ is then estimated to beay=(/3 dufy degagA; )/f_
Here ¢35 is a twist-3 DA, andg, and ¢ are all of twist 4,  =0.23,

=if (0a98,— ApTau) f Dad, e'P(atvag)
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FIG. 3. (a) Form factorf_(m?) plotted as a function of the 0° 90° 180° 270° 360°
Borel mass squareM?. (b) f_(m2)=[g dufg dagA; with M2 54
— H H 2
;igfj\ﬁ' The volume in the plot is equal tb-(m, ). Hereu FIG. 4. (a) Dashed, solid, and dot-dashed lines for
g- I

B—wr 0K~ andwK®; (b) solid, dotted, dot-dashed, and dashed

We therefore obtaifwm|O1|B™)gig. 34)=0.13 GeV ® lines fork =7’ ,K°%’ ,K* ~ 5, andK*°. BRs are in units of 10°.
and f3=0.12 which gives the correction & as defined in _ _ vp
Eq. (2). We list a; without and with the subleading tion parameter of VP modes is defined asX,
corrections in  Table I, where the approximation =[In(mB//_\h)](1+pAé"’A) [1] and its imaginary part is ne-
_ \/fipi<wIUy“gswa|B*)/AS“zpi(w'|d7"y5gswa g:ectid since tfhe I?Rs cr;tre mser:jsnwe to it. IrLFlga):We
x|B~)/FB™ has been made. Note tha and as do not Plot the BRs ofwm ™ and wK modes versugy (=argv,).
receive subleading corrections. The results fory~(60-120)° are in good agreement with

In the following analysis, the LC sum rule form factors data. Aty=90°, the plot givesom,wK~,wK° to be 5.5,
and my=80 MeV are used. We will instead use a smaller4.5, 4.3, respectively, in units of 16. Without the contribu-
ABr=0.28 which is preferred by thew~ data. Thewm tions from threE—pa_rton Fock states of me_:sons,
mode is ideal for extracting” since its rate is insensitive to ¢K ™, 07, wK~,wK® wil become 11, 3.9, 3.1, 2.8n units
annihilation effects. We find that the spectator parametepf 10 ). The three-parton Fock state effects give construc-
Xu=[In(mg/A)](1+pue?) is consistent with zero in the tive contributions taw,wK modes, but a destructive one to
analysis. The reason is that, since the spectator interactidhe $K mode.
with a gluon exchange between the emitted meson and the The corrections from three-parton Fock states of the kaon
recoiled pseudoscalar meson of twist-3 LCEIA, is end-  also give a definite answer to the long-standing problem for
point divergent in the collinear expansion, the vertex of thea,(J/#K). In the earlier study, to account for the experimen-
gluon and spectator quark should be considered inside tH@l value |a,|, the parametepy has to be=1.5[14]. As
pion wave function, i.e., for this situation the pion itself is in emphasized in passing, without fine-tuning, we calculate
a three-parton Fock state. Annihilation effects have been enthe amplitudes from the three-parton Fock states of the kaon.
phasized inpK studieq4]. We adopt the annihilation param- With the same procedure as shown above, we obtain
eters pa=0.9¢,=0 which give BrB —¢K )=85 f(m},)==0.08f3=0.14, and thusa5 =ay+cy(un)fs
x 10" ®, consistent with the current data. Here the annihila-=0.10+0.05 +c;(up,)0.14=0.27+0.05, Whereatz2 is de-

TABLE I. Values fora; for charmles®B decay processes witho(first row) and with(second rov three-parton Fock state contributions
of final-state mesons, wheeg—a, are in units of 1¢* and the annihilation effects are not included.

a; a az a4 as s az ag Q9 10

1.02+0.014 0.10-0.08 26+ 26i —328-91 1.2-30 —487-72 0.7+0.3 45+0.6 —89-0.1 —5.9+7i
0.974+0.014 0.25-0.08 —55+261 —291-91 112-30 —487-72 -0.3+0.3 45+06 —88-0.1 —18+7i
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termined up to the twist-2 order and the @Uapproxima- 15. e SR e e
tion for f5 has been made. The result f}" is well consis- [ ]
tent with that extracted from data. This solves the long-
standing sign ambiguity adi,(J/¢K) which turns out to be
positive for its real part. Note that if Ra§) were negative,
f3 would have to be~—0.3, which in turn would lead to
PK~20x10 % andwm ™ ,wK~1x10°. ..
The subleading corrections could give significant contri- [
butions to the decays witlp(") in the final states because 0 Lo, T IIT IR TR ]
these decay amplitudes always contain the singlet factor 0° 90° 180° 270° 360°
—as. We plot the BRs oK %’ ,K* » modes versuy in Fig.
4(b), where X5P~0, the annihilation parameter foPP Y
modes, has been used as it could give good fit results for
K, rates[2]. We do not consider the singlet annihilation
correction[15] in K»' modes because it is still hard to de-
termine at present. Wittwithout) the subleading corrections,
we see thatK ™ 5'=K%;'~55(35), andK*~ 7=K*y
~24(20), in units of 10%. The corrections give 70% and
25% enhancements to tlien’ andK* 7 rates, respectively.
Note that with(without) the correctionsK* '<1x10 ° s . ]
(=4x107° andK7=1x10"° (=1x107°). In a PQCD 0 Lo, L L L ]

calculation[16], it seems thak®7' (=41x10"%) was un- 0° 90° 180° 270° 360°

derestimated whileK®s (=7x10 %) was overestimated ¥
compared to the da{®,6]. Within the QCDF framework, by _ _
only considering the two-parton LCDAs of mesons, Beneke FIG. 5. (a) Solid, dashed, dot-dashed, and dotted lines for
and Neuberf15] obtainedK* »~13x10"®, just half of the B—K%?%K p*, K%, andK p% (b) solid, dot-dashed, dashed,
experimental value, but with a huge error. and dotted lines foB—K* ~*,K*%7°% p~ 7 andp~ '. BRs are
For further comparison with other calculations, we plotin units of 10°€.
the Kp,K* 7,p~ 5'") modes in Fig. 5. The subleading con- . =
tributions to these BRs ares15%. At y=90°, we have rezuétS(G 5f;3r5 17*(6011.10') _ ar?t a;‘?l‘b’th'l,wE
0 0 - o+ 0 — - 0_ 6 ~6.0,(6-5),5.1, respectively, in units o while the
K*p_ }i ﬁ*éKOp _'K P ,6’7’7’2(X 10 )_’6 an'd previous QCDF global fit to/P modes and the pQCD re-
K* " K* " p " 9.p” 7' =9,2,6,4(<10 7). In [7], to fit  guits gave smallewK BRs of order=3x 10 ° [9,10]. We
qSK,a_)K rates, the annihilation efLectgﬂdomlnate the decaypredict thatK%p~ wK and K%K ~p°~3. Including the
amplitudes and the form factofs; "ﬁo _%reorafhoer small, - corrections, we obtaira,(J/$/K)~0.27+0.05, which is
such that it will lead to p K "p K “wK™" well consistent with the data. The sign of ReJ turns out to
~1:(12)*:(1/y2)?, while the PQCD results for the rates be positive. Without resorting to the unknown singlet anni-
areK%% K p" K% K p°=2.55.4,3.0,2.2¢10 ©) [9]. hilation effects, three-parton Fock state contributions can en-
In conclusion, we have calculated the contributions arishanceK 7' to a level above % 107°.
ing from three-parton Fock states of meson8idecays. We This work was supported in part by the grant NSC91-
find that the contributions could give significant correctionss112.\M-033-013. | am grateful to H. Y. Cheng for a critical

to decays with arw or 7;(') in the final states. Our main reading of the manuscript and useful comments.

10. F~ //f

Br(B — K p)
|
}/

Br(B - K*x, p* )
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