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Semileptonic form factors from B—K* y decays in the large energy limit
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Making use of the measurement of tBe»K* y branching ratio together with the relations following from
the limit of high recoil energy, we obtain stringent constraints on the values of the form factors entering in
heavy-to-lightB—VIl’ processes such &—K*|*1~, B~K*vv and B—plv decays. We show that the
symmetry predictions, when combined with the experimental information on radiative decays, specify a se-
verely restricted set of values for the vector and axial-vector form factors evaluated at zero momentum transfer,
g?=0. These constraints can be used to test model calculations and to improve our understandiraf of the
dependence of semileptonic form factors. We stress that the constraints remain stringent even when corrections
are taken into account.
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Semileptonic decays @ mesons play an important role [2], has been resuscitated by the authors of Rf.In anal-
in our efforts to put together the pieces of the puzzle that thegy to the HQET, the LEL regime also leads to a controlled
standard mode(SM) represents. Through decays suchBas expansion in the framework of the so-called large energy
—D®™y andB— (,p)l v some of the fundamental param- effective theory(LEET). In addition to the heavy quarkl
eters of the SM like the Cabibbo-Kobayashi-Mashawa— o limit, E,>Aqcp is considered, wher&;, denotes the
(CKM) matrix elementd/,, andV,, can be measured. Fur- final hadronic energy. It applies to heavy-to-light transitions
ther, in modes mediated by flavor changing neutral currentgs the ones we are going to study in the kinematical range
(FCNC) like e.g.,B—K®)|*]~ andBHK(*)deecays, the Not too close to the zero recoil point. In the actull,Ey,)

short distance structure of the SM can be tested for contri— limit the matrix elements should be fully described by
butions from high energy scales, possibly due to new physperturbatwe QCD for exclusive processes in the Brodsky-

ics. These exclusive modes have distinct experimental signée‘—ﬁgﬁg‘ha f%rrmtilésnﬁggiu':g;\{ﬁ\éegn ﬁ;iﬁﬂcfgn%mﬂt@%eﬁvey
tures in present experiments such @se~ B factories g P bp

: form factors, whereas LEET captures the non-perturbative
(CLEO, BaBar, Bellg as well as theB-physics programs at nature of this regime. This was shown in and will be
high energy collider§Fermilab Tevatron run Il, BTeV and ! IS regime. 1his w wn in Ref Wi

, .~ further discussed below.
the CERN Large Hadron Collidgt HC-B)]. However, this In addition to those of HQET, LEET enforces new rela-

great potential is somewhat diminished by the fact that thegions among the relevant form factors. In this paper we show
oretical predictions for exclusive modes carry an uncertaintyhat combining the well understood heavy quark spin sym-
due to the presence of hadrons in the initial and final statesnetry (HQSS with leading order LEL relations and the mea-
This comes in the form of hadronic matrix elements paramsuredB— K* y branching ratio, leads to stringent constraints
etrized in turn by form factors, and determined by the non-on the semileptonic form factors. These are particularly im-
perturbative, long distance dynamics of QCD. portant forB— VI’ decays, withl,I’=1",» andV=K* p

In the last decade a fair amount of progress has beedenoting a light vector meson, and enable the determination
made. Our understanding of the behavior of hadrons in thef the vector and axial-vector form factors at zero momen-
heavy quark limittHQL) has improved since it was discov- tum transferq?=0 in a model independent way. We show
ered that this regime leads to new symmetfitk Heavy that corrections in H;, and ag do not affect our results.
quark symmetries, and the resulting heavy quark effective We parametrize the hadronic matrix elements over quark
theory(HQET) have been of great use in reducing theoreticabilinears relevant for semileptonic and radiatizemeson
uncertainty in transitions where a heavy quark is present itlecays into a vector meson in terms of form factéré, ; ,
both the initial and the final state hadrons. This has translateand T, , ;. These are functions af?, whereq,, is the mo-
into very small uncertainties in the extraction df, from  mentum transfer into the dilepton pair and/or the photon in
b—c decay modes. On the other hand, the application othe radiative mode. In general, the form factors carry also a
HQET to exclusive heavy-to-light transitions has been mordlavor index depending on the final quagk=u,s,(d) in the
limited. decays under consideration. They are, however, the same in

More recently, the large energy linitEL), which results  the SU(3) limit. We employ the following decomposition
in additional symmetries impacting heavy-to-light decaysfor B—VIl’ decays of the “semileptonic” matrix elements

over vector and axial vector currents:

2V(g?)
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(V(k e)ﬁy ysb|B(p)) tional new relations among the form factors defined in Egs.
s (1)—(3). These will receive corrections that roughly go as
€ -q (Agcp)/En and read a$3]
=i2myAq(a?) = q,+i(mg+my)A;(g?)
m
V(@)= 1+ 7 [e. (M), @)
. * -q _ ) *
x| € o q,u)_lAZ(q )mB+mV , oE
o A0 = e €0 (MLE), ®
mg—my
(p+k)ﬂ——2qﬂ) 2 .
| Agle?)=| 1+ [mM,E)
and for the FCNC magnetic dipole operatoy,
m
- . S i —EV§|(M,E)], 9
<V(k1€)|qa-,uv(1+ 75)q b|B(p)>:|2T1(q )Guvaﬁe p k
+To(a*){ el (Mg —mG) — (e -p)(p+K) .} +Ts(a?) my
S g Ao(a?)=| 1- | (M,E)
X(e*'p)[q,r 2(p+k)M], 3 my
B_mV +V§L(M!E)l (10)

where e, denotes the polarization four-vector of the vector d
mesonV=p,K*,... .Notice thatT,(0)=T,(0) andT; does an
not contribute to the amplitude of the radiative decay into an T(q)=¢,(M,E), (11)

on-shell photon.

The heavy quark limitin the HQL m,> A ocp the form 92
factors over the vector and axial-vector currents are not in- To(g%) = ( 1— 5 £ (M,E),
dependent of the dipole ones. Instead, they obey the follow- M2—mg
ing well known relationg6,5]: (12
T.(q3)= ma+q’—my V(g®)  mg+ va 2 (4 Ta(g2) =&, (M E)——
1(q )_ ZmB mB+mV+ 2mB 1( )! ( ) E
2_m2 1 m &(M,E) (13
Mg — My BEVEI R s
—[T(0)—TA0?)] M?

It is apparent from Eq€7)—(13) that, in the LEL regime, the
B—VII' decays are described by only two form factafs:

3mi—g?+mg V(gd) mg+m
_Me— 4 v _Va) = VAl(qz), and§, instead of the seven apriori independent functions in

2mg Mg+ My 2mg the general Lorentz invariant ansatz of the matrix elements.
(5) Here, £, and ) are functions of the heavy mass and the
, 5 ) y hadronic_energﬁ, and refer to the transverse and longitudi-
,. Mg—Q°+3my V(q°) mg— ) nal polarizations, respectively.
Ts(a%)= 2mg Mg+ My o MyAo(4°) This simplification leads to new relations among the form
B factors. For instance, the ratio of the vector form fad{do
m2+g?—m? the axial-vector form factoA,,
——— —[(mg+ my)A1(q?)
2Meg mqt e V@) (mgtmy)? 10
~ (Mg my)As(?)]. ©®) M= @ 2B

In terms of the symmetries of the HQET, E@4)—(6) are a  is independent of any of these unknown, non-perturbative
result of the heavy quarkpin symmetry that arises in the functions¢, | and is determmed by purely kinematical fac-
heavy quark limit due to the decoupling of the spin of thetors. Here,Ey=(m3+mg—qg?)/(2mg) denotes the energy
heavy quark1]. of the final light vector meson. A similar relation holds for
The large energy limitWe now consider the large energy T, and T,, since they both are also proportional to the
limit (LEL) for heavy-to-light transitions into a vector meson “transverse” form factoré, . As we will see below, these
as the ones we are studying. As a result, one recovers thgedictions have important consequences for observables at
HQSS form-factor relation&4)—(6), but now there are addi- large recoil energieow ¢?).
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The leading corrections to expressions such as(E4).  V,,V{; and the SM short distance Wilson coefficient. This
are expected to be of ordéN A ocp/2Ey), SO ifq?>—0, then  results in the ratib
Ey=mg/2 and the corrections are expected to be typically

below 10%. Additional corrections from perturbative QCD Br(B—K*y) m3 My | 2\ 3 )

arise through the exchange of hard glupnk which are also R,= BB=Xoy) —3< - (m_) ) IT1(0)%,

small and below the 10% level. This confirms the result from s¥ My B 16

Ref. [5] derived forB— 7l v: althoughpQCD shouldfor- (16)

mally dominate theM —co limit, this is not what actually \ynich can be evaluated using dég10]:

happens folM=m, namely hard gluon corrections to the

LEL relations are small. Br(B—K* y)=(4.25+0.55+0.29 X 10" ®
Furthermore, the rati®k,, defined in Eq.(14), does not

receive a4 corrections. The reason for this, as well as the Br(B— Xgy)=(3.15-0.35+ 0.32+ 0.26) <10 *.

physical picture behind expressi¢id), becomes clear once
we look at the transverse helicity amplitudes for a generidNote that the exclusive branching ratio reflects a weighted
B—VII’ transition. Making use of the HQSS relatio® average of the charged and neutral moflEd. We obtain
and(5), these can be written as R,=0.135+0.030, leading tdT;(0)|=0.333+0.043. Here
we employed an on-sheli-quark mass in the conservative
) range ofm,=(4.8+£0.2) GeV to evaluate the phase space
H :}.( - (mg+my) (15) factor mﬁ from the inclusive decay in Eq16). However, the
- 2mgky )" dominant uncertainty in the extraction ©f(0) stems from
the experimental input iR, .

] ] ] We recall that HQSS relates form factors of matrix ele-
where 7" is a factor depending on the mode under considerments of magnetic dipole operators to those of semileptonic
ation (e.g., Wilson coefficients, coupling constants, ettd . rrents. Atg?=0 Eq.(4) can be written as
ky is the momentum of the vector meson. Thus, we see from

the form of Ry in the large energy limit, that the+" he- 2mg Mg — My

licity vanishesH_ =0 in the LEL regime, up to residual A;(0)= ————T1(0)— ———V(0). (17
terms of ordemZ/2EZ . This is not a surprise: in the limit of Mg+ Micx Mg + M

an infinitely heavy quark decaying into a light quark, the
helicity of the latter is “inherited” by the final vector meson.

In the SM, the ¥—A) structure in semileptonic decays is measurement ofR, translates into a constraint in the
reflected in the dominance of thé_ transverse helicity. on [ V(0),A1(0)] plane, which is displayed in Fig. (thicker

the other hand, the amplitude to flip the helicity of the fastP@nd- On the other hand, the ratio of these form fact&,

outgoing light quark is suppressed byE}l/ This is also the which in trr]]e large energy Iri]mit is given by Eq14).’ cqnsti-
reason whya, corrections from hard gluon exchange be- tutes another constraint. The LEL constrdicne in Fig. 1

tween the spectator quark and the fast light quark do no:ls plo;[teg assumlngta 10|% ferrtorﬂ:n ;[he_ raltlo_, whlfcthh_we be-
affect Eq.(14): they are not helicity-changing. By the same |eve 1o be cohsenva |0ve. ntact, the typical size ot this error
reasoning, the same is true for the ratioTgfand T»,. is O(Aqcp/2ER™") =6%. By nearly doubling its size we ex-
Finally, we point out that the expressidhd) for Ry is pect to safgly accognt for the fact that this is a non-Gaussian
expected to hold in most relativistic quark models that comfror. The intersection of the HQSS piBs-K* y data con-
pute the form factors a?= 0. This is the case because theseStraint with the LEL expression fdRy leads to the two el-
model calculations, although rather uncertain in the absolutBPses corresponding to the 68%olid) and 90%(da‘25he@|
value of each form factoper se are likely to respect the qonﬁdencg intervals§i.e., 1.5 and 2.1 respectively.” Our
helicity conservation property of the fast outgoing light fit results in
quark. The overall uncertainty in each form factor comes in
as the overlap of meson wavefunctions, and largely vanishes V(0)=0.39£0.06, A;(0)=0.29=0.02. (18)
in the ratioRy . This was found in Ref.8] in the context of
predictions for the forward-backward asymmetry B
—K*1*1~, where it was shown that the position of the zero
of the asymmetry only depends dd,. Since the zero is
located in the lowg? region (aroundg?=3 Ge\? in the
SM) and in the region of validity of the LEL, one can use Eq.
(14) to predictRy and the position of the asymmetry zero ln fact, even in the presence of physics beyond the SM, the
with very small hadronic uncertainti¢45]. Wilson coefficient cancels in the ratig, as long as there is no
Constraints on semileptonic form factors a%:qo_ We  sizeable contribution to the “flipped chirality” dipole operator
now extract the magnitude of the form fac®y(0) from the  sgo,.b, .
branching ratio oB— K* y decays. It is customary to nor-  2To obtain the ellipses from linear fitting, we approximate the
malize the exclusive to the inclusi®— Xgy branching ra- cone by a band with thickness given by that of the cone at the
tio, thus eliminating the uncertainties from the CKM factor intersection with the HQSS constraint.

Using for T4(0) in Eq. (17) the value extracted from the

We compare our findings fov(0) andA;(0) with sev-
eral model predictions in Fig. 1. For illustration, we take the
Bauer-Stech-Wirbe[BSW) model from Ref.[12] (cross,
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] I T & % T 1 o ] We point out that the LEL relations alone are sufficient to
L p determing V(0),A;(0)] from theb— sy data and Eq(16),
05k ] respectively, without employing the HQSS relati¢h?).
r 1 Feeding Eq.(11) into Egs.(7) and (8) yields V(0)=0.39
04— _ +0.05 andA(0)=0.29*=0.04, in agreement with our previ-

ous result, Eq(18). Further, LEET predicts a simple relation
betweenTy and A,, namely T5(0)/A,(0)=(mg—my)/mg
+0O(m&/mg)~0.833

With the use ofSU(3) flavor symmetry, the constraints
obtained above can be directly imposed on the analogous
r ] form factors entering ilB— plv decays. Corrections to the
S 4 SU(3) limit of the ratioR,, at large values of the hadronic
L ' recoil energies are expected to be of the orde8pf

03— —

A,(0)

0.2— —

0.0 0.2 0.4 0.6 0.8
mg—m
v(0) o= Mo, 19
h
FIG. 1. Constraints on the semileptonic form factvi®) and
A1(0) from B—K* y data plus HQSSthicker band together with \yith m_ the u,d constituent quark mass. Thus, for typical

the relation from the LEL(cone. The ellipses correspond to 68% values of the constituent quark masses, we expecs the)

a.nd' 90% confidence level intervals. Central values of quel P'€orrections relevant to the constraints in Fig. 1 to be below
dictions are also shown and correspond to B$¥2] (vertical 10%

cross, ISGW2[13] (diamond, MS [14] (stan, LCSR[15] (diago-

nal cross and LW [16] (squaré, respectively. ConclusionsWe have derived stringent constraints on the

vector and axial-vector form factodé(q?) andA;(g?) en-

the modified version of the Isgur-Scora-Grinstein-Wisetering in B—K*11~, B—K* yv and[in the SU(3) limit]
(ISGW2 model from Ref[13] (diamond, a recent relativ- B_. 5|, decays. These apply to the highest recoil energy of
istic constituent quark model prediction by Melikhov and ine vector meson, i.eq?=0. We emphasize that these con-
Stech (MS) [14] (stay, the recent calculation in the light gyaints which are summarized in Fig. 1, come exclusively
cone QCD sum ruléLCSR) formalism of Ref.[15] (diago- o gata onB—K* y andB— Xy branching ratios, heavy
nal cross and the prediction by Ligeti and WideW) from o 1y sin symmetryin this case(4)] and the large energy
Re1:.j[|16] (shqur?rg. WeI see that reI?]tlvzcstlc cfonstltuggt quark limit [in particular Eq.(14), the ratio of Eqs(7) and (8)]
models, which directly compute the form factorscgt=0, A : . N
fall close to the constraint. This is the case with the modelse x;)efritr:Zifarhr;eeealsTﬁgergleer\rgs7 ;23 :'rrlzt ggsorlij d;;g’?g ;rovr\?e”
of Refs.[12,15,14. The ISGW?2 prediction, although slightly X > S .

outside the 68% C.L. contour, fares rather well, probably nofastabllshed symmetry relation with corrections well below

in small measure due to the relativistic corrections added’® €xperimental errors in the branching ratios. As discussed
with respect to the non-relativistic ISGW modél7]. above, the third element is a direct consequence of the helic-
On the other hand, the LW predictigsquare in Fig. 1 Ity conservation property of th_e_stror_lg Interactions, which
appears to be excluded. It is based®rK*| v data, heavy implies that in the LEL, helicity flipping is down by
quark flavor symmetry and assuming monopole(Aqc/2Ep). This leads to a purely kinematical expression
q2-dependence of the form factors. This latter assumption i$or the ratio of the vector-to-axial-vector form factey , Eq.
needed in order to extrapolate from the small recoil energie§l4), valid to leading order in the Ef, expansion. We thus
of charm decaysH,<1.14 GeV) to theg?=0 region inB  conclude that these constraints are fairly solid and model
decays, which corresponds tBy+=mg/2. Although the independent. In any event, a rigorous treatment of the lead-
heavy quark flavor symmetry is expected to be affected byng corrections in LEET is still lacking and should be under-
large corrections, these are unlikely to produce such a shitaken. On the other hand, the experimental errors in the mea-
with respect to the symmetry predictions. The assumption ogurements of both the exclusive and inclusive radiative
monopole behavior for thg? dependence on the other hand, decays could be substantially reduced in Bhdactory era,
is not well justified far away from the zero recoil point. In leading to an even more stringent constraint in Fig. 1.
fact, it is known that in the deep Euclidean region form fac- Lattice gauge theory calculations of the form factors have
tors should match to the perturbative QCPQCD) predic- made great progress in recent yeft8]. However, they are
tions. For vector form factors this asymptotic behavior forconfined to the region of low recoil energy. The constraints
q2<0 [but still |q2|<m§|n(m§//\éw)] is that of a dipole derived here allow an extrapolation from this region down to
[5,18. Thus, it is possible that around;?=0 the low values ofg?, without ad hocassumptions about thg?
g?-dependence is suppressed with respect to that of a mongependence of the form factors.
pole, even if it is not completely a dipo[@8]. On the other
hand,A;(g%) may not be as suppressed due to the additional
factor[19] (1—q2/m§), which is also present ifi,(g°). The 3For comparison, using the central values from R&&] we ob-
suppression o¥(g?) could bring the LW prediction into line  tain for this ratio the value 0.92, whereas following the procedure of
with the constraint of Fig. 1. Ref. [16] the obtained value is 1.36.
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In the LEL, SU(3) corrections are at most of order 10%), new physics contributions to FCNC mediated decays such as
allowing our constraints to be also imposed onByeplv B, K*|*|~ andB—K* vy [21].
form factors. The use of LEET also results in similar results ) )
in B— P transitions(with P=,K etc.), as well as in baryon We thank Frank Wuerthwein and David Jaffe for corre-
decays such ad,—Ay and A,—Al"I~, where only one spondence oB— K* vy data from CLEO and Stan Brodsky,
form factor is needed to determine the hadronic matrix eleLance Dixon, Andre Hoang and Michael Peskin for useful
ments. discussions and computing support. We also thank Zoltan
The precise knowledge of the form factorsgdt=0 gives  Ligeti and Mark Wise for discussions and comments on the
us a handle to understand thejf dependence, as well as manuscript. G.B. thanks the LBL theory group and G.H.
testing model calculations. The reduction of the theoreticathanks the Fermilab theory group for their hospitality during
uncertainties inherent to the description of exclusive semithe completion of this work. This work was supported by the

leptonic heavy-to-light decays suchBs- pl v facilitates the
clean extraction of the SM parametéy,,. At the same time,

Department of Energy under contracts DE-ACO03-
76SF00515,

DE-FG02-91ER40676, and DE-FGO02-

it allows us to test the short distance structure of the SM fo®5ER40896.
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