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The amplitude of thé8— p+y decay induced by the flavor-changing neutral currents contains the penguin
contribution and the weak annihilation contribution generated by the 4-quark operators in the effective Hamil-
tonian. The penguin contribution is known quite well. We analyze the weak annihilation which is suppressed
by the heavy-quark mass compared to the penguin contribution. In the factorization approximation, the weak
annihilation amplitude is represented in terms of the leptonic decay constants and the meson-photon matrix
elements of the weak currents. The latter contain Bhge py transition form factors and contact terms
determined by the equations of motion. We calculate Bne and py form factors within the relativistic
dispersion approach and obtain numerical estimates for the weak annihilation amplitude.
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[. INTRODUCTION Maskawa matrix. IrB— p+y both effects have the same order
in A and must be taken into account.

The investigation of rare semileptoni® decays induced The penguin contribution has been analyzed in several
by the flavor-changing neutral current transitidns:s and ~ ways and is known quite well. On the other hand, the WA in
b—d represents an important test of the standard model dB—py has been studied in less detail: the relevant form
its extensions. Rare decays are forbidden at the tree level fizctors were analyzed within sum rulgs6] and perturbative
the standard model and occur through loop diagrams. ThuQ@CD[7]. However, some con.tribl.Jtions to these form fa_ctors
they provide the possibility to probe the structure of the elec\Vere neglected. These contributions may be relevant if pre-
troweak sector at large mass scales from contributions dfiS€ measurements become available. L
virtual particles in the loop diagrams. Interesting information The aim Offh's paper is to analyze the weak annihilation
about the structure of the theory is contained in the WiIsoHcor the B~ —p~y decay more closely.

coefficents in the effective Hamiltonian which describes the In.the factorization approximation, the weak-annihilation
. . , g amplitude can be represented as the product of meson lep-
b—s,d transition at low energies. These Wilson coefficients

tonic decay constants and matrix elements of the weak cur-

take dlffererjt values in different theories with testable CON“ant between meson and photon. The latter contain the
sequences in rar@ decays.

o meson-photon transition form factors and contact terms

Among rareB decays the radiative decaps-sy andb \\hich are determined by the equations of motion. The pho-
—dy hqve the largest 'probabllltles. The—sy transitions  yn can be emitted from the loop containing thequark
are Cabibbo-Kobayashi-Maskaw@KM) favored and have \yhich is described by transition form factors. It can also
larger branching ratios than the—dy transitions. Theb  pe emitted from the loop containing only light quarks de-
— sy transition has been observed by CLEO in the exclusivescribed by thepy transition form factorgFig. 1).
channelB—K* y in 1993 and measured inclusively in 1995.  We calculate theBy form factors within the relativistic
The B— py decay will be extensively studied by BaBar and dispersion approach which expresses these form factors in
BELLE. terms of theB meson wave function. We demonstrate that the

The main uncertainty in the theoretical analysisBofle-  form factors calculated by the dispersion approach behave in
cays is connected with long-distance QCD effects arisinghe limit m,— in agreement with perturbative QCD. TBe
from the presence of hadrons in initial and final states. Irmeson wave function was previously tested in Bie light
inclusive decays these effects are under better control, howneson weak decays and is known quite well, allowing us to
ever, from inclusive measurements it is more difficult to ob-provide reliable numerical estimates for tBg form factors.
tain precise results.

The decay amplitude contains two different contributions: v b
one arising from the electromagnetic penguin operator anc
another from the 4-fermion operators in the effective Hamil-
tonian. One of the effects generated by the 4-fermion opera—B p B P
a. b.

tors is weak annihilatiofWA). Further details about short-

and long-distance effects in the radiative decays can be

found in recent publicationgl—-4] and references therein. FIG. 1. Diagrams describing the weak annihilation process for
In the B—K* y decay the weak annihilation is negligible B— py in the factorization approximatioria) The photon is emit-

compared to the penguin effect: it is suppressed by two powted from the loop containing thie quark, (b) the photon is emitted

ers of the small paramet&r=0.2 of the Cabibbo-Kobayashi- from the loop containing only light quarks.
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The py transition form factor is related to the divergence  The amplitude can be parametrized as follows:
of the vector and axial-vector currents. In the case of the
axial-vector current it is proportional to the light-quark -
masses if the classical equation of motion is applied. Be- A(B—>P7)=T[fqls;qzengchg "e1*(9,,P0
cause the quark momenta in the loop are high, these masses 2
have to be identified with current quark masses. For this —p,01,)Fevl, (5)
reason the correspondingy form factor was neglected in .
previous analysefl,5]. We find however that this argument \yhere F. and Fpy are the parity-conserving and parity-
is not correct: this form factor remains finite in the limit of violating invariant amplitudes, respectively,(e;) is the

vanishing light quark massm—0 and behaves like , meson(photon polarization vector. We use the short-hand

~M,f, /M 2 which means the violation of the classical equa-notation €abcd— €apu,a”bPcrd? for any 4-vectorsa,b, c,d.

tion of motion. We present the result for they transition For the decay rate one finds

form factor but leave a detailed discussion of the anomaly

appearing for the matrix elemetpy|d,A,|0) for a special Glzzaem

publication. L(B—py)=—15 Ma(1=MZIM)*(|Fed®+[Fal?).
Finally, we provide numerical estimates of the weak- ®)

annihilation amplitude taking into account tBey, py tran-
sition form factors, and the contact term contributions.
In Sec. Il the effective Hamiltonian for the—d transi- A. The penguin amplitude
tion and the general structure of the amplitude are presented. The main contribution to the amplitude is given by the
In Sec. Ill we discuss the photon emission from Bxemeson  electromagnetic penguin operawor, :
loop and obtain theéB+y transition form factors within the
dispersion approach. Section IV contains results forle eGe my,
transition form factors. In Sec. V the numerical estimates are ~ Apend B—p )=~ —=&C7-— T1(0)[ €q e g ez
given. The concluding section summarizes our results. V2 2m
+ie3"€1"(9,,Ph—PLA1)], (D)
Il. THE EFFECTIVE HAMILTONIAN, THE AMPLITUDE
AND THE DECAY RATE whereT, is the form factor of theB— p transition through
the tensor currert9—11]. The corresponding contribution to

The amplitude of the weak radiativie transition is . . . .
P P the invariant amplitudes is therefore

given by the matrix element of the effective Hamiltonian for
theb—d transition

m
AB— 1) =(HAp(a) Her(b— ) B(R)), (D PR PR~ 65 5Ta0). ®

wherep is theB momentumg, is thep momentum, andj;
is the photon momentunp=g;+0,, q;=0, g3=M2, p? B. The weak annihilation amplitude

— M2 : e
=Mg. The effective weak Hamiltonian has the structi8¢ The radiativeB— py transition also receives contribution

from the 4-fermion operator®; and O,. For the charged

G G - - , ;
Heﬁ(bﬂd)=éftcn(ﬂ)on—\/—g%u[cﬂmol ?ead?p (g2)y(gy) transition the corresponding amplitude
+Cy(n) Oy, ) G

F J—
Awn(B™—p y)= &u(p™ (a2) (dy)|dy,
where only operators relevant for the penguin and weak an- e N ? !

nihilation effects are listedGg is the Fermi constant{, — B
=VgdVqp, Ci's are the Wilson coefficients an@’s are the X (1= ys)uuy,(1-ys)b|B™(p)).
basis operators (9

e — In what follows we suppress the label WA. Neglecting the
O7y= 87Tzda‘7wmb(“)(1+ ¥5)DaF 1y, 3 nonfactorizable soft-gluon exchanges, i.e. assuming vacuum
saturation, the complicated matrix element in E®). is re-
s _ — B duced to simpler quantities—the meson-photon matrix ele-
O1=d,7,(1= ¥5)Ualip7,(1= v5)bg, ments of the bilinear quark currents and the meson decay

— — (4) constants. The latter are defined as usual
Oy=d,v,(1=y5)Ugugy,(1—ys)b,,

with the following notation:e= V47 aen v°=i7°y19%y3, (p~(a2)[dy,u|0)=€3 M, f,.f,>0,
UMV:i[y ,'}/V]/Z, 60123:_1 and SpélS’yM'yV’ya’y'B) _
“dier b B =9 A —dA, (0[Uy,vsb|B~(p))=ip,fa, fs>0. (10
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It is convenient to isolate the parity-conserving contributionp-meson loop do not cancel each othiere disagree here
which emerges from the product of the two equal-parity curwith the claim of Ref[6]) but lead to a nonvanishing con-
rents, and the parity-violating contribution which emergestribution proportional tof 5 .

from the product of the two opposite-parity currents.

C. The parity-conserving amplitude
1. The parity-violating amplitude ) )
S ) This amplitude reads
The parity-violating amplitude has the form

Ge _ _
G _ _ ApdB™—p~y)=——=¢&a{(p |dy,ul0)(yluy,b[B™)
Apy(B"—p y)= ngual{@_7|d7VU|0><O|U7v75b|B_> i V2 '
_ _ +(yp~|dy,ysul0)(0[uy,ysb|B7)}.
+(p~[d7,u0) Uy, ysblB )} (1D i R

Herea, is an effective Wilson coefficient, which we take as
a;=C;+C,/N; at the scale~-5 GeV.

The first term is a contact term which can be calculate
using the equations of mation for the quark fie]ld$ Setting Fy

: o 2
my=my, we find ((A)|uy,b|B"(P))=ee€,upq, €1 17—
{(p~y|d,ul0)(Oluy,ysb|B~)
=ip,fe(p~y|dy,ul0)

= fB<p7 ’}/|0V(E’YVU)|O>
=iee; €19, ,M,f, fg. (12

The B~ — vy amplitude from the first term in the brackets
fontains the form factoF ,(g5=M?):

(16)

The second term in E@15) can be reduced to the divergence
of the axial-vector current and contains another form factor,
Gy : namely,

(0|uy, ysb|B™)(yp~|dy,ysu|0)

:fB< yp_|(9VE’YV75U|O>:efBGVquei‘qze’z‘- (17)
The B~ — y amplitude in the second term of E@.1) can be

parametrized as follows: Thus, the weak annihilation contribution Eac reads
— _ . 2F 4 2Fy fgGy
(7(A0)]u,¥sbIB™(p)) =ieer”| (9,,Pta— Pty FRo=&aM, ) oy | (18)
2f g Summing up, within the factorization approximation the
P A1,———|- (13 weak annihilation amplitude can be expressed in terms of the
I 2 2
Mg—M; three form factord=,, Fy, andGy, .

It contains the form facto »(q53=M?2), and the contact term
proportional tof g (the derivation of this relation is given in
the Appendiy. In this section we derive the formulas for the form factors
Summing the contributions of the photon emission fromF 4, within the dispersion approach to the transition form
the B-meson loop and the-meson loop gives the amplitude factors. This approach has been formulated in detafill0j
Apy Which can be represented in the foAp,= €1 #T, with  and applied to the weak decays of heavy mesonglin.
qu,u:O as required by gauge invariance. Thus, the weakRecall that the form factorEA,V describe the transition of
annihilation contribution to the form factd¥py for the B~  the B-meson to the photon with the momentu, q5=0,
—p vy decay i$ induced by the axial-vectdwecton current with the momen-
tum transfem,, q§= Mi. For technical reasons, it is conve-
nient to treat the form factd¥ () as describing the ampli-
: (14 tude of the photon-induced transition of tBemeson into a
bu axial-vector(vectoy virtual particle with the correspond-

The two contact terms which are present in the amplitudes df'9 factor 1/6—q3) in the dispersion integral. Then we can

the photon emission from thB meson loop and from the directly apply the equations obtained|[it0] for the meson-
meson transition form factors.

Ill. THE FORM FACTORS F, AND Fy,

2F 2f
2Fa, _ 2Ts

WA_
Fpv=§&,a1f M, Mg m

We note that for theB*—p*y the term proportional tofg A. The form factor F

changes sigrisee the Appendix and alsoF? = —F2  as can be . The form faCtO"'EA is given _by t'he diagrams of Fig. 2.
obtained from charge conjugation of the amplitullg,. For the  Figure 2a) showsF Y , the contribution to the form factor of
B°— p®y decay the term~fg is absent. the process when the quark interacts with the photon; Fig.
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phase space. Performing necessary calculations, we arrive at

. b i i : o
T Y, s Y the following single dispersion integral:
b b 0 u =) u u
i iy Y 2 Ly WNef=  dsde(s)
(I Y5 ¢ 3 v is Mo A 5 5 5
B 477 ) (mp+my) (S—Mp)
a b I s+m2—m3+\Y3(s,m2,m3)
. ) b X4 | mslog
FIG. 2. Diagrams for the form factd¥,: (a) F®, (b) F{). 58 ot m2— mZ— \"(s,mZ,m2)
2(b) describes the contribution of the process when the quark AV s,mﬁ ,mﬁ)
u interacts whileb remains a spectator. One has +(m2—ml)f
Fa=FO+FW, (19

1 [ AYZ(s,m2,m2)
The B~ meson is described by the vertex + pa,|  2s
b(kp)i ysu(ky) G(s)/\N¢, with G(s) = pg(s)(s—M3). The

B-meson wave functionpg is normalized according to the
relation[10] —milog

s+mi—m3+ Al/z(s,mf,m§)>

|

" NY2(s,mZ ,m
dsasls- (-2 T, 2

s+mi—ms—\Y3(s,m?,m3)

2
87 J (mp+m,

(20 Forg?=0 one haqoq1=(M§—M§)/2. .
Now, let us analyze the behavior of the form factor in the
Here\(a,b,c)=(a—b—c)2—4bc is the triangle function.  limit mp—°. To this end it is convenient to rewrite the spec-
It is convenient to change the direction of the quark linetral representatiot21) in terms of the light-cone variables as
in the loop diagram of Fig.®). This is done by performing follows (see[12] for details:
the charge conjugation of the matrix element and leads to a

sign change for the, ys vertex. 2 F() B IN, [ dxdxdk?
Now both diagrams in Figs.(8) and 2b) are reduced to ;' A (my,my) = 4772f P S(1=X1=%3)
the diagram of Fig. 3 which defines the form factor 1
FO(my,m,): Settingm;=m,, m,=m, gives F{: FP) be(S
=QpFP(m,,m,). Similarly, setting m;=m,, m,=m, X 5 1M1Xo+Mpxy — (Mg —my)
gives FW, FW=—Q,F{(m,,m,). For the diagram of s=M,
Fig. 3(quark 1 emits the photon, quark 2 is the specatue XKF/pay}. (22)

trace reads
Herex; is the fraction of theB-meson light-cone momentum

—Spi ys(Mp—k2) v, ys(My ki) v, (my+ky) carried by the quark ands=m3/x, +ma/x,+k?/x,x,. For
. , . (u) (b) i
= 40 (Ky+k}) . (MyKg+ MoKp), +41(0,1,00— 0ualy) the form factors=,’ andF,”’ one obtains
X (mgka+maky), . 2 FO)_ \/N—CJ' dxdK' ¢g(s)
- 1) - Mg *  “Yaz2) x%x, s—M?2
The spectral density of the form fact§r§A (mq,m,) in the u”b p
variablep?, p=k;+k,, is the coefficient of the structugg,, 2(mg— my)k2
obtained after the integration of the trace over the quark X{muxb+mbxu+# ,
B~ Vip

2 Lo JN—f dxdK ¢g(s)
Mg A ~Pam2) x2x, s—M?
2(my—my)k?

Mz—M?2

X { MpX,+ MyXp+

'YV "YS with
mi m2 k2

FIG. 3. The triangle diagram faf{)(m;,m,). The cut corre- g= 24 Yy _
sponds to calculating the imaginary part in the varigile Xp Xy XyXp

(23
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Yp 1,Y5 Y YH

FIG. 4. Diagrams for the form factd¥, : (a) F{", (b) F{{) .

1,

FIG. 5. The triangle diagram faf{"’(m;,m,). The cut corre-

Let us recall that th&-meson decay constant has the follow-
ing representation in terms of the wave funct{d®]:

\/N_C dxdkf ¢p(S) sponds to calculating the imaginary part in the varigtie
B~ ZJ 2 {myXp+MpXy}. (24)
41 XuXp s—M p

= Spi y5(My— k) v, (My k) v, (e + ko)
Due to the wave functiorpg(s), the integral_in the heavy .
quark limit is dominated by the regior,=A/m,, x,=1

—A/my, where A is a constant of ordeMg—m;,. This  The spectral representation for the form factor takes the form
leads to the following expansion of the form factors in the

1/m, series:

vuaq,(MiKa+ MKy, .

2 oy WNofr dstels)
2 pw_ g o Mo ™" 4 Jyemo?(s— M)
Mg A “Am, AYA(s,mZ,m2)

(25) x[(mz—ml> <

2 i
—FP=Qy—+....
Mg A m? s+ms—m3+AY3(s,mZ,m3)

+mylog

2_ 2 112 2 o[-
. S o S+mi—m5—A>4(s,m7,m }
Clearly, the dominant contribution in the heavy quark limit v (s, my, M)

comes from the process yvhen the light quark emits the pho-|-0 analyze the heavy quark limit,—o we again represent
ton, whereas the emission of the photon from the heavyhe torm factor in terms of the light-cone variables
quark gives only a M, correction. The expressiori&5) for

the form factorF") agree with the result of Ref7], while 2
: ) ' 2 VN, [ dxdx,dk s
we have found a different sign fér{® . =M= - Cj 1 5(1—x1—x2)¢3—()
Mg 47 X3X s—M2
B. The form factor F, X (M Xo+ MyXy). (27)

The consideration of the form factét, is very similar to
the form factorF . Fy is determined by the two diagrams For F{ andF{" the corresponding expressions read
shown in Fig. 4: Fig. 4a) givesF{?, the contribution of the
process when thie qgark interacts with the photon; Fig( 2 ) \/N_C dxdkf dg(S)
describes the contribution of the process when the quark M_BFV ="

u 2 2 - z{muxb+mbxu}v
interacts. One has 4m) XXy S—Mj
b
Fy=F®+FW (26) 2 _w_ \/N—CJ' dxdil ¢g(s) PR
M_TV T T XDb 2 2 2 bAu urbf -
It is again convenient to change the direction of the quark B 4m=S XXy s=Mj

line in the loop diagram of Fig.(®) describingF{ by per-
forming the charge conjugation of the matrix element. For
the vector currenty, in the vertex the sign does not change ™™
(in contrast to they,ys case considered abgve

Then both diagrams in Figs(&) and 4b) are reduced to iF(”)— _ LJF
the diagram of Fig. 5 which gives the form factor Mg vV Qu Am,
FM(my,m,): Settingm;=m,, m,=m, gives F{P?: F{) 29
=QpFP(m,,m,); setting m;=m,, my=m, gives F{}), 5 ;
FW=qQ,F{’(m,,m,). The trace corresponding to the dia- = FP——Q, 2+
gram of Fig. 4(1, active quark; 2, spectajoreads

By the same procedure as usedFfgr, we obtain in the limit
o0
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M2 [ dsy,(s)(s—M?)
Gy=No(Qu+Qu)| — — J 90N STM,) |
4ar

(s—M3—i0)?

(30

¥,(8) is normalized according to the relatigfor massless
quarks

1 o
i 2—
8772j0 dsqy,(s)|°=1. (31

FIG. 6. Diagrams  describing  the  amplitude S ) o
(¥(a0)p~ (0)[d7, 7590}, p=01+0,, p>=M2. The diagrama) Clearly, Gy is finite form=0 which means a violation of the
is multiplied by thed-quark charge, and the diagraf) is multi-  classical equations of motion for the axial-vector current.
plied by theu-quark charge. The cut corresponds to the caIcuIationEquat'Qn(30) describes the anomaly which takes place for
of the imaginary part in the variablg?. the yp final state as well as for they one. There is however
an important difference between the two cases: Forythe

The dominant contribution in the hea ark limit a a.nfinal state the divergence remains finite in the limmit-0
! ibution 1 vy qu Mt again , 4 p2=M§—>oo. For thepy final state the divergence is

comes from the process when the light quark emits the phof—inite for m—0 but decreases aspl/for p2—oo. It is con-
ton. Now both form factord™ and F{?) in Egs. (28) per- venient to introduce the parametersuch that '
fectly agree with the expansions obtained .

As seen from Eq925) and(28), one findsF,=Fy, in the M f
heavy qguark limit, in agreement with the large-energy effec- Gy=(Qu+Qqg) k ”2”, (32
tive theory[13]. Mg

with « staying finite form=0 andMg— .
IV. THE FORM FACTOR Gy,
V. NUMERICAL ESTIMATES
The form factorG,, is determined by the divergence of

the matrix element of the charged current between the L€t us write once more the penguin and the weak annihi-
vacuum and the ™ y state lation contributions to th&~ — p~ y amplitude:

My
. — ng/ng: Fgecng: —§Cr——T1(0),
ip.(¥(A1)p™ (d2)|dy,ysu|0) =eGyeq erg,es. (29 27

Fw_p oy g | 2Fa, 2Me
The corresponding diagrams are shown in Fig. 6. If the clas- PV SuTITe el Mg Mé— M,z; '
sical equations of motion are applied, the form fadsy is ) (33

proportional to the light-quark masses. This is the reason

why this form factor was neglected in previous analyses WA [2F, fgGy

[1,5]. However, a proper calculation shows that this argu- Frc=&uaM,f, Ms M|

ment is not correct: in fact the classical equations of motions - pe

do not hold and the divergence contains the anomaly. The scaling behavior of the form factors in the linktg

The anomalous behavior of the divergence of the axial-—« reads
vector current in the chiral limit is a well-known phenom-
enon discovered in the two-photon  amplitude T1(0)~Mg¥2[17], Fpag~Mg'2, Gy~Mg?
(yy]d,a7,7vsd|0) [14]. A very clear way to demonstrate the (34)
anomaly is to start with the matrix element of the axial vec-

i such that

tor current and to calculate the spectral representations for
the relevant form factors. The anomaly is then obtained by FpengvMB—llz, F\IQVOPCNMI;’&/Z- (35)
performing the divergence at the final stage of the calculation ’
[15]. A similar treatment applied to the matrix element The terms proportional to fg (fg~1/\/Mg) are
(yp~|dy,ysu|0) leads to the form facto®, which does not  1/Mg-suppressed compared with the terms contaiffipg .
vanish in the limitm— 0. We will present a detailed discus- As we see below numerically this leads to a suppression by a
sion of the anomaly in radiativB decays in a separate pub- factor of 4—5.
lication[16]. Here we only quote the final result: considering ~ We now proceed to numerical estimates for Bxeneson
the spectral representation in the variadp}aand introducing decay. The scale-dependent Wilson coefficieDiéu) and
the appropriatep-meson radial wave functiow,(s), one  a;(u) take the following values at the renormalization scale
finds the following expression for the form factGx, : n=5 GeV|[8]:
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TABLE |. Results for the weak-annihilation form factoFs, In the standard modek,/&|=0.4.
FyandGy for theB™ —p~ y decay. The accuracy of our estimates  For comparison, sum rules reported the ra&tf"/Frend
is about 10%. The sum rule results are recalculated f@jraccord-  _ _ 3¢,1£& [6]. Our results for botiEPe"d and WA agree
) . T R . .
ing to the relationF = — Fl,ZMBl/fP" The results fron{7] are a1 with the sum rule estimatés]. We would like to notice,
recalculated according 6, v=—zfay [7] for A=0.5 GeV. however, that the anatomy B"* in our analysis is different.

For instance, we have fourid, to be considerably larger

Dispersion Approach S| PQCD[7] than the sum rule result. But after including the contact term

—Fa 0.120 0.073 >0.09 ~fg, we have come t& py, close to the sum rule estimate.
—Fy 0.092 0.091 >0.09 The calculated form factors and the ratios of the weak-
-Gy <0.004 annihilation to the penguin amplitudes is one of the neces-

sary ingredients for the calculation of the branching ratios of
theB— py decays, isospin an@d P asymmetries. In addition
C,=1.1, C,=-0.241, C;,=-0.312, to the above ratios, these quantities contain the phase in-
duced by the strong interactions and t@-violating phase
(36) of the CKM matrix(se€[3,4] for detailg. The corresponding
analysis was done recently [B8] using the valug="A/FPeng

The penguin form factor was previously calculated within=—0.3¢,/&;.

the dispersion approach with the resiif ~* (0)=0.27
+0.3[11]. Using the same parameters and Bheeson wave
function as in[11] we obtain the form factors g shown in
Table I. Our result for the form factdfy is in good agree- We have analyzed the weak annihilation for the radiative
ment with the estimates from other approaches. The fo”T(!IecayB‘Hp‘y in the factorization approximation.
factor F 5 agrees well with the constraints from perturbative (i) We have calculated the form factoFs, and F, de-
QCD and turns out to be considerably larger than the correscriping the photon emission from tilBemeson loop within
sponding sum rule estimate. . the relativistic dispersion approach. We have performed the

The value of theGy, is sensitive to the details of the  1/m, expansion of the form factors and demonstrated that the
meson wave functiog, . The reason for that is the presence form factors of the dispersion approach exhibit a behavior in
of the term 6—M?2) in the integrand in Eq(30) which  agreement with the large-energy limit of QCD.
changes sign in the integration region. Assumiig(s) (i) We have analyzed the contribution to the weak anni-
= B?(B*+s)? and setting3=0.8 GeV, which gives a good hilation amplitude from the diagram when the photon is
description of thep meson radius, leads to=—1.8. Con-  emitted from the loop containing only light quarks. For the
servatively, we take- k<2.0 and use this value for further parity-conserving process this quantity is related to the diver-
estimates. The form factds, does not contribute more than gence of the axial-vector current
a few % to the full amplitude, but can sizably correct the
weak-annihilation part.

Using the obtained form factors and the decay constants _
fg=0.18 GeV,f,=0.21 GeV we arrive at the following es- (v(ap)p (ap)|d,dy,ysu|0)
ggnpa;tra;t[e\}/\l/f show contributions of different terms in E§3) ~ecq, qzs;(Qu+ Qd)Kpr,J/ME (39)

a]_: C1+ C2/NC2 1.02.

VI. CONCLUSION

peng_
F 206, MeV, with « staying finite in the chiral limitm—0. This result

means the violation of the classical equations of motion and

F‘Q’\’?:{—?.S (cont. of F5)+2.2 (cont. of fg)}¢&, MeV represents an anomaly which has the same origin as the
anomaly of the matrix elemerty(q,) y(d,)|7,A,|0). The
= 9.6, MeVv (37 value of « is found to be sensitive to subtle details of the

p-meson wave function. Conservatively, we estimaié¢
Foe={—6.0 (cont. of F\)+0.7(cont. of Gy)}¢£, MeV =1.
Pe =t v v (i) We have also included contact terms which were
=—-5.3, MeV. missed in some of the previous analyses. Numerical esti-

o ) . mates for the weak annihilation contribution to tfse
Taking into account errors in the form factors, for the ratios_, ,~,, amplitude are given in Eq38).

of the weak-annihilation to the penguin amplitudes we find |t was noticed in[5] that the weak annihilation mecha-
nism is crucial for theD — py decays in which it dominates
parity-violating: F\lgv\//*/pg%na_v_(o,zgi 0.025&,/¢&;, over the penguin mechanism. It is therefore very important
(39) to take into account all the contributions to the weak annihi-

) ) WA peng_ lation amplitude listed above for a proper description of the
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APPENDIX: TRANSVERSITY OF THE PARITY- ot
VIOLATING AMPLITUDE B
© ¢ v _p,uqlsz_Mz . (AS)
The parity-violating amplitudéll) is given by the sum of B P

the two terms (i) Using the equation of motion for the quark fields

APY(B™ > py~)~APV+ ARV (an  (Qu=2/%, Qq=—1/3)

where A%~ (™ (62)[d7,ul0){ () [47,75blB~ (p)) and AR
ASY=(p~(d2) y(a1)|dy,u|0){0luy,ysb|B~(p)). ) — X O.A i) v

(i) We start with APY. Let us write ax) a)+QeA, A0 v,
(y(a1)|uy,ysb|B~(p))=ee; “T}, with one obtains foA5Y

— PV_; - . _ - -
T}Bw(p,q):if dXéqX<0|T(J,u(X),U)/,,y5b)|B_(p)>, Ay'=ip,fg(p” y|dy,ul0) 23<P yld,(dy,u)|0)
(A2) =—(Qgq—Que(p~ y|A"dy,ul0)

whereJ,,(x)=2uy,u—3dy,d—31by,b is the electromag- =ee1”e;"g,,f, M, fg+O(my,mg). (A7)
netic quark current. The amplitude has the following Lorentz .. .
structure: (iii) For the sum we find

PV PV__: v
T8 ,=i1(9,,P%h— PL01,)F1a(a}) Ar Ay =ief,fgM €1 €5 "(9,,P 0~ P, 01,)

F N2 2
+i(a3p,.~ PU101,)d1,F2a(a)) | Fun(0)+ ﬁ (A8)
. ip.P, BT
+i(qip,— JFan(@d)+ —2=c,
(0P, Pz, PoFaal i) pa; and obtain the relatiofil4) after settingF;4,=2F /Mg .
(A3) (iv) In the general case, one obtains
whereC is the contact term. The contact term can be deter- APV (B—py)=ief,fgM i “€5"(9,,P01—P,01,)
mined using the conservation of the electromagnetic current
_ - - 2F2(0)  2fgQ
d,J,=0, which leads to the relation AlY) 21glB (A9)
Mg MZ-—M2]

A, T5.(p.a)=—(0|[Q.d¥,sul/B™(P))
—iQgfap,= —if (A4) where Qg is the charge of th& meson. Hence, for thB®
B'8Py B8Py —p®y decay the contact term is absent. Notice also that

for the B~ meson. This give<C=—fg. For the radiative F,Ef: - F,Eif as can be obtained by the charge conjugation of

decayq?=0, so we find the parity-violating amplitudé\"V.
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