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We analyze the form factors for tHg@— vyl "1~ weak transition. We show that making use of the gauge
invariance of theB— yl *1~ amplitude, the structure of the form factors in the resonance region, and their
relations at large values of the photon energy results in efficient constraints on the behavior of the form factors.
Based on these constraints, we propose a simple parametrization of the form factors and apply it to the lepton
forward-backwardFB) asymmetry in th&— yl "1~ decay. We find that the behavior of the FB asymmetry as
a function of the photon energy, as well as the location of its zero, depend only weakly &theform
factors, and thus constitutes a powerful tool for testing the standard model.
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[. INTRODUCTION We investigate the behavior of the various form factors at
large g2 and find interesting relations corresponding to the
Recently, the deca— yl "1~ has been the subject of a resonance contributions to the form factors. We argue that
number of investigation§l-5], where it has been pointed these contributions signal substantial corrections to the Isgur-
out that this process may serve as an important probe of thé/ise relations valid to t, accuracy at largg? [9].
standard modelSM) and possible extensions. However, Combined with the relations among the form factors from
knowledge of the long-distance QCD effects, which are in-LEET, the results obtained provide strong restrictions on the
herently nonperturbative, is important to extract quantitativeB— y form factors. We propose a simple model for the form
information on the underlying short-distance interactions. factors which is valid over the full range of the photon en-
From the analyses of the decBy—K*|1 |~ it is known ergy, and which satisfies all known constraints. An important
[6,7] that the uncertainties due to the hadronic form factorgemark is in order here: It has been shown recently that a
are considerably reduced if one considers asymmetries sughioper account of collinear and soft gluons leads to a differ-
as the forward-backwardB) asymmetry of the lepton. This ent effective theory—the so-called soft-collinear effective
empirical observation later received an explanation withintheory (SCET) [10] which supersedes the LEET. Important
the large energy effective theofEET) [8]. According to  for our discussion is that interactions with collinear gluons
LEET, all the heavy-to-light meson transition form factors preserve theelationsfor the soft part of the heavy-to-light
are given at leading order inMlj; and 1E (E is the energy form factors from LEET[11] [the differences appear in the
of the light mesohin terms of a few universal form factors, O(«g) parfl. Our analysis is therefore fully compatible with
and thanks to that the form factor effects largely drop outSCET.
from the asymmetries. As an application of our form factor model, we examine
As for the radiative dilepton decag— yl*1~, one ex- the FB asymmetry in the deca,— yu™ u~. We find that
pects the same to be true. However, a surprisingly stronthis asymmetry, and particularly its zero arising in the SM,
dependence of the FB asymmetry on the specific form factocan be predicted with small theoretical uncertainties.
model can be found in the existing literature-3|, which
needs better understanding. Il. FORM FACTORS FOR THE B—y TRANSITION
In this paper, we analyze the form factors for tBe»y ] )
transition induced by vector, axial-vector, tensor, and We are concerned with the amplitudes of te-y tran-
pseudotensor currents. sition resulting from various quark currents. In our analysis,
We show that important relations between form factors ofve adopt the following conventions:
different currents arise as a consequence of the gauge invari- . | u
ance of theB— y amplitude. We derive an exact relation Y=y Tun =LV 5], P=-1,
between the form factors of tensor and pseudotensor currents
at g°=0, whereq? is the dilepton invariant mass in the and accordingly
decayB— yl "1 ~. We note that the form factors from a re- 5 [ B
cent sum-rule calculation of Ref4] are inconsistent with TurY = 7 5 €uvapl - @
this exact relation.

A. Transition to a virtual photon

*Electronic address: fkrueger@ph.tum.de We start with the amplitude describing the transition of
"Electronic address: melikhov@thphys.uni-heidelberg.de the By(q=s,d) meson with momenturp to a virtual photon
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with momentumk. In this case, the form factors depend on 91— (k-p)go=0. (7)
two variables: that is, the photon virtualikf and the square

of the momentum transfep(k)2. As we shall see, gauge (iv) The amplitude for the transition induced by tieasor
invariance and the absence of singularities in the amplitudeurrentcan be obtained from E@6) by applying the identity

lead to several relations among the form factork%t 0, in Eq. (2), and is given by
thereby reducing the number of independent form factors for . .
the transition to aeal photon. (v*(K)|qo,,b|Bg(p))

(i) For theB,— y* transition induced by thaxial-vector
current the gauge-invariant amplitudavith respect to the —iee* 2 ()] | €, pP— 26, KkopP|g,
photon contains three form factors and can be written in the uvap K2 Hror
form?

(7" (K)|ay,sblBq(p)) b epkigot

k-p
pa_?ka EMVpUppka.go . (8)

—ies*(k _ Kk f+ —K—pk
1ee ( ) gy,a k2 p,u Pa k2 a1

B. Transition to a real photon

k-p For the transition to a real photon, the matrix element of
Pa— 5 Ka | A2, (3)  the vector current is given by E¢p) while the amplitude for

k the axial-vector current, employing the relation in E4),

+k,

- . . . read
where we have explicitly written the gauge-invariant Lorentz

structures. In the above;* denotes the polarization vector of a- B — _jes*@
' ¥(K)|a7y,vsb|Bq(p) iee™ “(K)[ga(P-k)
the photone=\4mw«a, and the form factors are defined ac- < | w7 | P 2”
cording to Ref[12]. Since the amplitude is a regular func- —PoK,Jaz(k“=0). 9)
tion atk?=0, the requirement of gauge invariance results in ) .
the following constraints on the form factorskft=0: As for tensor and pseudotensor currents, their matrix ele-

ments have the form
f+(k-p)a,=0, a;=0. (4)

k)| g b| B,
(i) For the transition induced by theector current the (v(0)]a0,., ¥sb|Bq(P))
amplitude is parametrized in terms of a single form facfor =ee™ “(K{(9aK,y—90uK,) 92+ ([9au(P-K) — Pk, 1P,

namely,
- [gap,( p- k) - pakp,] pv)go}’
(7 (K)[a,/By(P)) = 2606 “(K) €0 Pk, (5)

(¥(K)|qo,.,b[Bq(p))
(iii) For theBq— y* transition induced by thpseudoten- —iee*¥(k KeQ+ PKT
sor current the amplitude can be written in terms of three e *(K){ €uvack 2 T [Pu€purpoP
form factors: —(P-K)€L1paP”190}- (10

J1

(v* (K)o, vsb[By(p)) It should be noted that in the case of a real photon the gauge-
invariant amplitudes of the pseudotensor and tensor currents
=ee* 9(K) 9o — @ P Guu— w p contain two Lorentz structures and not only one as stated in

RO R N A Ref.[13]. Multiplying Eq. (10) by (p—k)”, we arrive at the

following set of amplitudes that describe tBe—y transi-

+(9arKy—9auk,)g +(p P, tion:
avflu aptv)Y2 a F a B o

(v(K)[ay,ysb|Bg(p))

X(Kup,— pvkm%} - ® —iee* (k)L 0,u(P-K) okl
B

q

At k?=0, gauge invariance leads to the condition -
(v(K)|ay,.b[By(p))

Notice that for theB-meson transition to a virtual photon the =ee*“(k) ewpgppk‘TM—V,
amplitude of the axial-vector current contains a contact term, which By
is proportional to the charge of tH& meson. The contact term is
thus present for theharged Bmeson transition, but is absent in the (¥ k)laowysblgq(p»(p— k)"
case of aneutral Bmeson. For a detailed discussion of form factors
and contact terms in this amplitude, see R&g]. =es*“(k)[gw(p- K) = poKuIFTA,
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K Iaowblgq(p»(p—k)” For large values oE, the energy dgpendence of the uni-
versalB— vy form factor can be obtained from perturbative
=iee™ “(K) € 40psP K F 1y, (11) QCD, the result bein¢13]
where the dimensionless form factdfs are given in terms {T(E,Mg)xfgMg/E. (19

of the form factorsy,a,,go,9, atk®=0
Fy=2Mg g, Fa=—Mg a,, (12) D. Heavy quark symmetry arld forn? factors at .Iarge v
q a As found by Isgur and Wisg9], in the region of large
g°=M2 the form factors satisfy the relations
Frv==0>=[p’~(P-K)1do, Fra==092—(P-K)Go. °
13 1
+9 0= —2Meg, Qo= 3-(20+ay), (20
For a real photon in the final state, the form factors de-

pend on the square of the momentum transtgf=(p which are valid at leading order iAQCD/mb.3 Combining

—k)2. Equivalently, one may consider the form factors as . . :
functions of the photon energy in tlB2meson rest frame, these expressions with Eqel2) and (13, we derive the

following result for the tensor-type form factors in the region

M 5 of small E:
B q
E=—21- — 14
> M2 (14 Mg—E
Frv=Fv— Mg (Fyv—Fa),
For massless leptons, the kinematically accessible range is
E
0<g’<M3, O<E=<Ep,~=Mg/2. (15) Fra=Fy— m(Fv— Fa). (21)
Then, rewriting Eq(13) in the form It is obvious that these relations are compatible with those in
Eq. (18), which emerge in the region wheEeis large, and
Frv=Fra—Mg(Mg—2E)go, (16 hence are valid to leading order Anycp/m, in the full range
. . _ of E. Yet the leading-ordeA ocp/my, relations in Eq.(21)
we derive the followingexactrelation: may not be sufficient to understand the behavior of the form
factorsFy o andFra 1y in the region wherg?=M3.
Fra(Emax) = Frv(Emax- 7 To explain this point, it is useful to express the form fac-

torsF; in terms of the Wirbel-Stech-BauéwSB) form fac-
We stress that the equality of the form factbrs, andF1y is  tors [15]. The advantage of the WSB form factors is that
valid only atE=E, . each one has definite spin and parity, and hence contains
contributions of resonances with the corresponding quantum

C. LEET and form factors at large E numbers. Explicitly, we have

Interesting relations between the form factors emerge in Mg
the limit where the initial hadron is heavy and the final pho- Fy=2VB~7, FA=—AfH7,

ton has a large enerd$]. In this case, the form factors may E
be expanded in inverse powers &fcp/Mg and A gcp/E.
= ! Mg
As a result, to leading-order accuracy, one finds Fry= 2TE‘*7, FTA=—TB“7. (22)

Fyv=Fa=F1a=Fry={](E,Mp), (18

Notice that the relatioffry=F1, atq>=0 (or E=Mg/2) is
where {{(E,Mg) is the umversal form factor for th&;  just the well-known relationT;(0)=T,(0). Then, making
— y transition(cf. Ref.[8]).? We emphasize that this relat|on use of the constraints in Eq&) and (7), which are due to
is violated by terms of orderO(Aqcp/Mg) and  electromagnetic gauge invariance, we obtain exact relations
O(Aqcp/E), as well as by radiative corrections Gf(as)  between the WSB form factors that are relevant for the tran-
[14]. sition into a real photon; namely,

2For a massive particle in the final state one has two universal 3|t should be noted that at largg? there are in general three
form factors(, (E,Mg) and{)|(E,Mg). The latter does not contrib- independent relations between tBe-V form factors. The third
ute in the case of a massless final vector particle. We also notgslation, however, is automatically satisfied in the case of a photon
the relatlongL “YEMp)= Qu/ngl“H“/(E Mg), where Q,/Qq in the final state, due to the gauge-invariance constraints in(Egs.
=-2. and (7).
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2E 2E TABLE I. Parameters of th84— y form factors, as defined in
TS 7=—T577, AP r=——nA0"7, (23 Eq.(29.

Mg Mg
By virtue of these relations, we may rewrite E82) in the Parameter Fv Frv Fa Fra
form B (Gev™Y) 0.28 0.30 0.26 0.33

B B A (GeV) 0.04 0.04 0.30 0.30
FA=2A2*}}/, FTAZZTS*}yi (24)
\I/:vhich exhibits the absence of a singular behavioF gfand Fa=Fa<Fy=Fqy. (27
TA-

We now examine the analytic structure of the form factors We expect these relations to work with 10—15 % accu-
nearq?=M3, starting withV and T,, which have a pole at racy.
q’= Mé*. This pole is located very close to the upper Given these features, we now turn to the analysis of ex-
boundary of the physica] regioq, = M2 , SinceMB* —M B IStIng predictions for thEB—>’y form factors.
=45 MeV~O(AéCDImb). Moreover, as shown in Refs.

[12,16], the residues of the form factowsandT; in the pole 1. Form factors F, and Fy

atq?= Mé* are equal in the heavy quark limit,—o. As a The form factord=, andF, for the By— v transition have
consequencds, andF, should be approximately equal and been calculated in Ref12] within the dispersion approach
rise steeply ag>—M3. of Ref.[17].% For large and intermediate values Bf these

As for the form factors, andF,, they are expected to fc_er factors can be well parametrized by a particularly
have qualitatively different behavior negf=M?2. Indeed, ~Simple formula:
the masses of the resonances that corresporfd, tand T, f
[Eq. (24)], denoted byB** , are expected to be several hun- F(E)=B——2,
dred MeV higher tharMg, since Mgex —Mg~O(A ocp)- A+E
Thus, singularities of the form factoFs, andFt, are much , B _
farther from the physical region, compared to the form fac-W'tg(1/;8)72-:(:?3\5’\/\,“::/' LBE_EST.ZISn%redVe,r N 322 th?svgjﬁéula
tors Fy andFy. Consequentl and Fr, are relativel - b '

v ;Y g YFa e y for the form factors in the full range dE, we should take

flat asg”—M. int t that the form fact dF, h
It is now clear why the leading-ordeYocp/m, relations m 0 accoun a2 e2 orm ag OFSVZ andFra have, respec-
dively, poles atq“=Mg, andq“=Mg.,, so thatA, =Mz«

(21) are not useful for understanding the behavior of th
form factors neag?=M32. As a matter of fact, at leading —Mg and Ax=Mg«x —Mg. Although the masses of the

. — N .~ positive-parity states with higher spi&™ are not known,
order inA qcp/M; all thebq resonances with different spins | " "o data db mesons to estimate the mass difference
have the same masses, so that all the form fadtprsave

poles atg?=M3 (i.e., atE=0). This picture is fully consis- A2=0.3-0.4 GeV; here we takk,=0.3 GeV. The numeri-

. N . . cal parameters are listed in Table I.
tent with Eq. (21), but it is far from reality, since b

. ) . The maximal difference between the form factorsEat
O(Aqcp/mp) corrections to the form factor relations in Eq. —0 is at the level of 50%. The difference betweep and
(21) become crucial in the region negf= MZB. We expect,

: X Fy is around 10% forE=0.7 GeV, indicatingA gcp/my,
then, the following relation between the form factors near.qractions to the LEET relation between the form factors at

(28

2_\2 -
q°=Mg: the level of 5-10 %.
Fa=Fra<Fy=Fry, (25) 2. Form factors Fr, and Fry
in agreement with the resonance location. There are several calculations of tBe—y form factors

Fr, and F1y available in the literatur¢4,5]. Let us check
whether the results for the form factors satisfy the constraints
derived above.

Combining the above information on the form factors, the (i) The light-cone sum rule calculation of R@4] predicts
following picture of theB— y form factors emerges. the form factorsF1,>F, for large values of, including

At E=Enax, the form factorsFr, and Fyy are equal, E,,, which points to a very strong violation of the LEET
Fra(Ema) = Frv(Eman -

In the region wherd=> A ocp, the form factors obey the

E. The general picture of theB— y form factors

LEET relation, which is valid to O(Aqgcp/My), “The form factorsF , , for the B,— y transition have been calcu-
O(Aqcp/E), andO(as) accuracy: lated in Refs.[18,19 using light-cone sum rules. These results
agree with the results from the dispersion approddj. It should
Fyv=Fa=Fra=Fry<fgMp/E. (26) be noted that the form factofs,  for the B,— vy transition have

5 5 . ) ] the opposite sign and are approximately twice as big as the corre-
At large q“=Mg (i.e., at smallE), the following relation  sponding form factors , , for the By— y transition; see the dis-
for the form factors should hold: cussion in Ref[12].
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relations. More importantly, thexactrelation in Eq.(17) 0.6
between the form factors &, is also drastically violated.
Thus, we conclude that the calculation of form factors per-
formed in Ref.[4] cannot be trusted.

(ii) The quark model calculation of Rdf5] satisfies the
exact constraint in Eq17), with values of the form factors
Fra=F1y=0.115 atq®=0 (or, equivalently,E.=Mg/2)
[20]. Taking into account the LEET relatioii8), this value
is in agreement with our results for the form factd¥g K o3l
=0.09 andF,=0.105 atg?=0. On the other hand, there are
several features of the predicted form factors that do not
seem realistic. First, as can be seen from Fig. 1 of FHf. 0.27
the form factord=1, and F+y differ considerably, withF4
>Fy for the values ofE=0.5—-1 GeV. This signals a very
strong violation of the LEET condition, with corrections of
the order of several hundred percent. Let us recall that the
form factors may indeed be very different in the regigh

0.57\;

0.17

=M3, sinceFyy, contains a pole aqzzMé* while Frp 002 04 05 038

does not. But then one would expect the relatibry,

>Fa, Opposite to the one obtained in RES]. Second, the FIG. 1. The predicted dependence of thBy— y form factors
form factorsF1, and Fry of Ref. [5] vanish atg®= |\/|2B_ Fy (solid curve, F, (dashed curje Fr, (dotted curvg andFry

Taking into account that the form factB¥, contains a pole (dash-dotted curyeaccording to our model, as described in the text

atg’= Mé*, it seems very unlikely that the form factbr, (x=2E/Mg).

vanishes an:Mg. Therefore, the predictions of Rdb]

for values ofq?=10 Ge\? cannot be considered very reli-

able. and Fig. 1 shows the form factors in our model as a function
To sum up: There are no fully convincing results for the of the scaled photon energy=2E/Mg.

form factorsF1, andFry; thus, for the analysis of the FB For the Bs— vy transition, we do not know the precise

asymmetry, we prefer to rely upon a simple model for thevalues of the form factors, but we shall assume that the

B— vy transition form factors which satisfies explicitly all the LEET-violating effects in theBs— y form factors have the

constraints discussed above. same structure as those in tBg— vy transition. With this
assumption, the form factors as given in Table | are sufficient
F. Model for the B— vy form factors for the analysis of the FB asymmetry in tBg— vyl "1~ de-

We assume the ansatz in H8) to be valid for allBy ¢ cay presented in the next section.

— form factors with their own constants. Together with the
condition in Eq.(16), this leads to the following relation

between the parameters Bf , andFry lll. FORWARD-BACKWARD ASYMMETRY
IN Boyl*1~
Prv Pra (29 We now assess the implications of our form factor model

Ayt Ma2 AratMgl2’ B.
TvtMgl2  AratMg for the FB asymmetry ofu™ in the decayBs—yu"n".

such thatBry— Bra=O(L/m,). Furthermore, according to Refgrring to Refs.[1,4_,5,1_9, the radiatiye dilepton_ depay

our arguments mentioned above, we set receives various contributions. The main contribution in the
case of light leptons comes from the so-called structure-
dependentSD) part, where the photon is emitted from the

Ary=Ay, Ara=A,. B0 external quark line. Contributions coming from photons at-

tached to charged internal lines are suppressemw\z,\,

[19]. The bremsstrahlung contribution due to emission of the

photon from the external leptons is suppressed by the mass

of the light leptonsl=e,u and affects the photon energy

Brv=(1+6)By, (31)  spectrum only in the lovE region[1,5].

Neglecting the bremsstrahlung contributions, the decay is
and choose5=0.1 according to the result of Rdf5]. This  then governed by the effective Hamiltonian describing the
completes our simple model for the form factors which areb—sl|*|~ decay, together with the form factors parametriz-
consistent with the exact relations&t,,,, LEET at largeE, ing the B— v transition, as discussed in the preceding sec-
and heavy quark symmetry at smé&ll Table | contains the tion. Using the effective Hamiltonian fdo—sl*1~ in the
various numerical parameters for tlBg— y form factors, SM [21], the matrix element isni;=0)

The remaining parameter to be fixed is the consgnt, for
which we write
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G,:a J—
i
MSD:_WthV?s (cg' 1 y*I+cqol y*ysl)

2

X(y(k)[sy,P_b|B(p))

2¢%"m, _ _
q2 <’Y(k)|S|0-MVqVPRb|BS(p)>|Fyﬂl ’

(32

whereg=p—k and P_ g=(1% ys)/2. Within the SM, the
Wilson coefficients, including next-to-leading-order correc-
tions[21], have numerical valuesr=166 GeV)

cs"=-0.330, c&=cy+Y(g?),

(33
Co=4.182, Ci9= —4.234,

where the functionY denotes contributions from the one-
loop matrix elements of four-quark operatgeee Ref[21] o _
for detail9, and has absorptive parts fqf>4m?2. In addi- __ FIG. 2. SM prediction for the FB asymmetry pf in the decay

tion to the short-distance contributions, there are aiso Bs—Y# &~ as afunction ok=2E/Mg, using the form factors
resonant intermediate states suchlag, ', etc., which we  given in Eq.(28) (solid curve and including the effects afc reso-

will take into account by utilizing" e~ annihilation data, as hances. For comparison, we also show the distribution obtained by
described in Ref[22]. utilizing the leading-order LEET form factor relation in E(L8)

Defining the angled between the three-momentum vec- (dashed curve

tors of x~ and the photon in the dilepton center-of-mass

system, and recalling the scaled energy variable 4cs"Pmg

_ (| et 2
=2E/Mg_ in the By rest frame, we obtain the differential Fi=(lcg"*+|cid®) Fy+ (1—x)2 ™
decay rate fy=m; /Mg .
4 R cScE™ )m,
B . B
dr' (Bs—yu*u™) Gra Mg, b a
= |thV:€s| X ~
dxdcosé 2114 4|C$ﬁ|2m§
sy 10 Fo=(c§"2+|cadHF A+ P T
4m#> —X)
X|1— [Bo(x) +Bq(x)cosd .
1=x 4 RecFeg™m, a6
—_— .
+B,(x)cog4]. (34) 1-x ATTA (36)

Here, we have summed over the spins of the particles in thB_eC‘%Z" tha‘; the Wilson coefficien§" [Eq. (33)] depends o
final state, and have introduced the auxiliary functions via g“=Mg (1—x).

The term odd in co8 in Eq. (34) produces a FB asym-

~ col aa o metry, defined &
BO=(1—X+4mM)(F1+FZ)—8mM|Clo| (Fy+Fa),

fld ) dr fod ) dr
0 cos dxdcosé -1 cos dxdcosé

~ 9o\ 1/2
ff. —
81:8 1- 1_;) Re{cl({cg *(1_X)FvFA AFB(X)_ 1 dr 0 dar ’
f d cose—+f dcosl———
off 2 0 dxdcosé 1 dxdcosé
+c7 My(FyFratFaFry) 1} (37)
(1 A2
By=(1-x 4mu)(F1+ Fa), (39 Note that the FB asymmetry is equivalent to the asymmetry in
thel™ and|~ energy spectra discussed in Rgf]. Our results in
with the form factors defined in Eq11), and Egs.(34) and(38) agree with those given in that paper.

034002-6



GAUGE INVARIANCE AND FORM FACTORS FOR THE . .. PHYSICAL REVIEW D 67, 034002 (2003

which is given by andFy are located much closer to the edge of the physical
region(i.e.,g>=M é) than those of the form factofs;, and
m2 |\ 2 F,. Hence we expecE; and Fry to rise rapidly asg?
AFB(X)=3( 1—1_21) —M3 but F, and F, to remain relatively flat, so that at
g?=M3 we have the relation

y Re{c,d c§™ (1—X)FyFa+cS"my(FyFra+ FaAFT) 1}

[(Fl+FZ)(l_X_"_zr’hi)_661i|C10|2(F\2/+Fi)] . FA:FTA<FV:FTV' (40)

8 This behavior indicates a strong violation of the Isgur-Wise

Note that there are also nonfactorizable radiative correctiontelations between the form factors at lamfe
to the asymmetry which are not contained in the transition 3. We have found a serious discrepancy between the just-
form factors® mentioned constraints and existing calculations of the form

We plot in Fig. 2 the FB asymmetry as a function of the factors Fy, and Fr, from QCD sum ruled4] and quark
scaled photon energy, by using our model for the form models[5]. (i) The form factors of Ref{4] violate both the
factors, Eq.(28), and the universal form factors, E(1.8). In  exact constrain{39) and the relations expected from the
the latter case, omitting the nonfactorizable corrections théarge energy effective theorfd8). (ii) The form factors of
dependence on the form factors drops out completely, and gdef. [5] signal a very strong violation of the LEET relation
the asymmetry is fully determined by the Wilson coeffi- [Eq. (18)]. Moreover, the vanishing of the form factofg

cients. andFqy atg?= Mé in [5] contradicts the resonance structure
From Fig. 2 one infers an interesting featurefgg(x) in of these form factors.
the SM: namely, for a given photon energy Xy, and far 4. We would like to stress that there is an important rela-

from thecc resonances, the FB asymmetry vanishes. As caHon between the universal form factors describing Bie

be seen from Fig. 2, the Wy and 1E corrections to the — 7Y andBy— 1y transitions:

form factors, which are taken into account by our form factor

model, Eq.(28), shift the location of the zero by only a few BUYE M) =Q,/Qul% Y (E, M), (41)
percent, and do not change the qualitative picture of the + +

asymmetry forx=0.4. Using the numerical values of the \yhere Q. ¢ represent the charge of and d quarks. As a
standard model Wilson coefficients given in H§3), to-  consequence of this relation, the form factétgy 1y Of
gether withm,=4.4 GeV, we obtaixo=0.85-0.88 depend- theB ,— y transition have opposite sign, and their moduli are
ing on the form factors used. Notice again that the locatiompproximately twice as big as the corresponding form factors
of zero is further affected by nonfactorizable radiative cor-of the B,— y transition.

rections[14]. Furthermore, it is worth emphasizing that this relation has
. We would like to emphasize that the abs'ence of the Zerﬂot been proper|y taken into account in R[eﬂ when using

in the SM forward-backward asymmetry in the regi®n theB ,— y form factors of Ref[19] for the description of the
=0.7 reported i3] is due to using the form factors of Ref. B, . y1*|~ decay.

[4], inconsistent with the rigorous constraints discussed in 5. By using the exact relation between the form factors
the present paper. In view of this, the various distributions=_ and Fy, at E,,,, the resonance structure of the form
and asymmetries calculated in Re[f3,3] with the form fac-  ¢5ctors in the regiog?=M2, and the LEET relations
tors of Ref.[4] should be revised. ~Fy=Fra=Fry valid for E>Aqcp, We proposed a simple

parametrization for the form factors:
IV. CONCLUSIONS

We have analyzed the form factors that describe Bhe
— 7 transition, and investigated their implications for the FB
asymmetry of the muon in the dec®;— yut u™, within
the SM. Our results are as follows. The numerical paramete(Sable |) have been fixed by uti-

1. We have derived an exact relation for the form factordizing reliable data on the form factors at large and interme-
F1a and Fyy of the B— y transition induced by tensor and diate values of the photon energy.

M gf
Fi(E):,Bi—AiE, i=A,V,TATV. (42)
|

pseudotensor currents at maximum photon energy: 6. We have applied our form factor model to the FB
asymmetry of the muon iBs— yu™ u~ decay. Comparing
Fra(Ema) = Frv(Ema) - (39)  the distribution ofAgg based on these form factors with the

one obtained by using the leading-order LEET form factors
2. We have investigated the resonance structure of thghows that the behavior of the FB asymmetry remains essen-
form factors atq?=M3 and found that singularities df;  tially unchanged in the region=2E/Mg =0.4.
Our analysis confirms the result of RE1] that the shape
of the FB asymmetry as well as the location of its zero are
8In the case of th®—K*|*1~ decay these corrections were ana- typical for the SM. We point out that the asymmetries and
lyzed in[14]. distributions reported in a number of recent publications
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[2,3] should be revised as they are based on the form factors To sum up, the study of the dec&¢— " u ™y at future

of Ref. [4] which are inconsistent with the rigorous con- hadron collider experiments will provide complementary in-
straints on the form factors. formation on the structure of the underlying effective Hamil-

According to the above results we conclude that the FRonian describindp—sl*1~ transitions.

asymmetry in thé8— | *1~ decay, particularly its zero aris-
ing in the SM, can be predicted with small theoretical uncer-
tainties. This is similar to the deca—K*|"1~, where a
full next-to-leading-order calculatiorisecond reference in We are grateful to Berthold Stech for valuable discus-
[14]) shows that a measurement of the zero of the FB asymsions. F.K. has been supported by the Deutsche Forschungs-
metry would allow a determination af?ﬁ/Re(CSﬁ) at the  gemeinschaftDFG) under contract Bu.706/1-1. D.M. would
10% level.(This order of magnitude should also hold in the like to thank the Alexander von Humboldt-Stiftung for finan-
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