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Exclusive B.— ¢pp*u~ process in a constituent quark model
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We consider the exclusivB,— ¢u™ u~ process in the standard model using a constituent quark loop model
approach together with a simple parametrization of the quark dynamics. The model allows us to compute the
decay form factors and therefore can give predictions for the decay rates, the invariant mass spectra, and the
asymmetries. This process is suppressed in the standard model but can be enhanced if new physics beyond the
standard model is present, such as flavor-violating supersymmetric models. Therefore, it constitutes an inter-
esting precision test of the standard model for forthcoming experiments.
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[. INTRODUCTION since they require the determination of form factors. On the
other hand they are very promising on the experimental side,
We discuss th8,— ¢u” u~ exclusive process using a being accessible to a large number of ongoing and future
constituent quark-meson mod&QM) [1] based on quark- experiments. The method we apply can be used for the cal-
meson interactions. Quark-meson interaction vertices can bmulation of other processes such Bs—K*I "I~ or By 4
obtained by partial bosonization of a Nambu—Jona-Lasinio—K*| "1™, andBy s— ! "1~ following the same techniques
type four-quark interaction vertices for heavy and lightdescribed in this paper.
quarks[2]. In this model the transition amplitudes are evalu-  The CQM model has turned out to be particularly suitable
ated by computing diagrams in which heavy and light me<for the study of heavy meson decays. Its Lagrangian de-
sons are attached to quark loops. Moreover, the light chiradcripes the verticesheavy meson(heavy quark(light
symmetry restrictions and the heavy quark spin-flavor symguark [1], and transition amplitudes are computable via
metry dictated by the heavy quark effective theGHQET)  gimple constituent quark loop diagrams in which mesons ap-

areF::)oth |mhplemented. | CNC h pear as external legs. In the case of the process at hand, two
avor changing neutral currex ) processes, suc interfering diagrams contribute to the transition amplitude;

asB,— ¢u’ u”, where theb quark is transformed into am - ;
. see Figs. 1 and 2. They correspond to the two physically
quark by a neutral current, are absent in the standard mod Fstinct alternatives in which the FCNC effective vertex is

(SM) at the tree level. This makes the effective strengths o ither attached directly to the quark loop or via an interme-

such processes small. In addition, these transitions are de- . o
pendent on the weak mixing angles of the Cabibbo- iate heavy meson stafthe matrix elements factorize into

Kobayashi-MaskawaCKM) matrix and can be also sup- 2" hadrqnic and leptonic partWe_ will compute the two
pressed due to their proportionality to small CKM e|emems_contr|butlons to the process and discuss their relative weight.
If the quark masses in the FCNC loop diagrams are close to

each other, the Glashow-lliopoulos-Maiani mechanism is ef-

fective and this implies that FCNC charm decay transitions !l- EFFECTIVE HAMILTONIAN AND FORM FACTORS

are very suppressed. On the other hand, FGNfavored : :
decays should be observable at the CERN Large Hadron, Qalt_hiagut?ékdelz\éﬁlk’)eéhﬁ] trearrﬁlsS;ngp;?fgfﬂviea?m"_
CoIhder._ These_ decays, known as rdBedec.ays, aré €x- tonian obtained by integrating out the top quark anc
tremely interesting for the study of new physics. Indeed, any - <ons:

observed enhancement of their branching ratio could be the '

trace of some no-SM mechanism. In addition to the sensitiv-

ity of rare B decays to new physics, their study is very im-

+

portant in the context of the SM for a comparative determi- K

nation of the CKM matrix element¥y,,Vy, and Vg [3]: B

these quantities can be measured directly in top quark de- B

cays. H
Here we study, in the CQM approach, the exclusive pro- o

cessBs—put ™. Our aim is to provide an independent

determination of this process in a different context with re-  F|G. 1. Direct diagram withV,A, T currents changingp—s.
spect to that of QCD sum rules, where it has been studietthe momentum carried by the heavy quarkrigv +1+k wherek,
first [4]. Exclusive semileptonic decays are in general morahe residual momenturk=Acp, is due to the interaction of the
complicated than inclusive modes on theoretical groundseavy quark with the light degrees of freedom.
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TABLE Il. Values of the parameters used in the numerical cal-

w i
culations.
—
Bs
My 80.41 GeV
n my 91.1867 GeV
o siny 0.2233
n (IR cutoff) 0.51 GeV
FIG. 2. Polar diagram from I and 1" intermediate states. A (UV cutoff) 1.25 GeV
Ay 0.6 GeV
Ge 10 m; (constituent 0.51 GeV
Her= —4TV§§thE Ci(w)Oi(w). 1 m, 1.02 GeV
2 =1 fy 0.2491 Ge¥
. ) o . .omg 1.25 GeV
We will use the Wilson coefficients calculated in the naive 4.8 GeV
dimensional regularization scherftg (see Table). The nu- 173.8 GeV
merical values used in the calculations are given in Table II. (scale) m
The Hamiltonian Eq(1) leads to the following free quark 1/a 12’)9
1 . em
decay amplitud¢4]: ag(my) 0.119
cet IVEVy 0.04022
9 — — *
M(b—sI1)= o VeV 5 (57, (1= ygb) (Tt [VEVa/IVal !
10 — e
2 (571= vl (¥ yl) As(@= "2t - T M gd), @)
¢ ¢
m — — i iti
_ ?C‘;ﬁ(s| O_MVqV(1+ ')/5)b)(| ’)’MI) , with the condition
A3(0)=Aq(0). (5)

)
The form factors needed for the magnetic term in &jjare
where C;(u=my) are the Wilson coefficients which act as defined by

effective coupling constants in the four-Fermi formulation of

the interactions. Hereé:e =C;—Cs/3—Cg. Short-distance (¢(e,p)|§o- un(1+75)b—|Bs(pB)>

Wilson coefficients are redefined in such a way to incorpo- a

rate certain long-distance effects from the matrix elements of =i€,,0p6 PEPP2T1(0?) + To(g)[ €,(M5—m3)
four-quark operator€); with 1<i<6. C", the Wilson co-

efficient of Og=e?/16m2(sy,Lb) (I y*1), is defined in terms (e pe)(Patp) .1+ Ta(0?)| (e-

of these matrix elements in the Appendix. In order to com- (€-Pe)(PatP) I+ Tol(@7)) (- Pa)d,

pute the( sl *I | M(b—sl™17)|Bg), we need the following

form factor parametrization for thé— A terms: 2
————— (Pt Pl (6)
_ _ (mg—my)
(¢(,p)[sY,(1~ 75)b|By(Ps) .
t
M) s 0
_mB+m¢ 6,uvaBE po IGM(mB—i_de)Al(q ) T1(0)=T2(0) (7)
o (PetP), ok . 2My These seven form factors can be calculated with the aid of a
i€ mg+my Aod) Fi(e -q)?qﬂ constituent-quark-meson model in which the interactiBgs
—¢—(V,A,T) current are modeled by effective constituent
X[A3(ad?) —Ag(9?)], ()  quark loop diagrams. The is considered to have a photon-
like interaction with the light degrees of freedom described
whereq=pg—p and by

TABLE |. Wilson coefficients used in the numerical (:alculatioﬁ§ffE C,—Cs/3—Cs.

C, C, Cs C, Cs Ce cef (o Cio

—0.248 +1.107 +0.011 -0.026 +0.007 -0.031 —0.313 +4.344 —4.669
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—in . o w can therefore be interpreted as a quark-quark—light-meson
£=194557,86", ® vertex of this kind.

. As stated above, there are two kinds of contributions to
whereg,,ss=0,4/3, the factor of 3 coming from the charge of ¢ torm factors depicted, respectively, in Figs. 1 and 2. In
the s quark.g,, is extracted from the measured electroniCthe first one the current is directly attached to the loop of
width of the ¢ via I'(¢p—e'e”)=(4ma?)/3(1lg5)My.  quarks. In the second, there is an intermediate state between
This way of modeling the interaction derives from the vectorthe current and th8.¢ system. This intermediate state is a
meson dominancé€/MD ). Vector meson dominance can be 1~ or 1™ heavy meson with as valence quark. The Feyn-
obtained from the effective four-quark theory of the Nambu-man rules for computing these diagrams have been discussed
Jona-Lasinio type for light quarks once electro-weak interacin [1] and the extension of the model to the strange quark
tions are added. One can sh@] that the coupling of the sector has been developed[if]. Consider for example the
electromagnetic fieldh,, with quarks is turned into a direct directdiagram in Fig. 1. The model allows us to extract the
coupling of photons and neutral vector mesons in the effecdirect contributions to the form factok&® A2, . .. ,T?, .
tive theory, and this reproduces the VMD term. Equati®n through the calculation of the loop integral

1+vyv
Tr{(v- [+mM)(gyssy-€)(y-(1+ p)+m)(V,A,T)T s

iN reg
VZyme— f d*l , 9
167

(IP=m?)((1+p)2=m?)(v-1+Ap)

whereV,A, T denote, respectively, vector, axial-vector, and - 1 )

tensor T=0,,(1+ys)) currents,| is the momentum run- AL(09) =29 yssyZnMe, ———[(M*+mmyw)Z

ning in the loopp=myv' is the momentum of they, mthe B Y

constituent quark mass of the strange quésle havem —omyQ;—myQ,—203— 04— Q5— 2],
=510 MeV),v is the four velocity of the incoming heavy (11)
(07) meson; the heavy quark propagator and the heavy me-

son field expressions from heavy quark effective theory are Z Q

taken into account. The constaft, is defined as theng AZD(QZ):%SS, /—H(mz—Ql—z—E’)(mB +m,)
—m,, difference(between the mass of the heavy meson and M, My, s

the constituent heavy quark masmnd represents, together (12)
with the cutoffs, the basic input parameter of the model.

Following [7], here we assum&=0.6 GeV. Z is the Ogss
coupling constant of the heavy meson figti[using the AD(0?) =~ m, VZHMs,
notations of HQET wheréd represents the (Q17) heavy

meson multiplef with the quark propagators. Integrals like

Eqg. (9) are obviously divergent. We define the model with +m,Q,+203+Q,
the proper time regularization procedure which consists in
exponentiating the light quark propagators in the Euclidean
space, and introducing ultravioleA] and infrared ) cut-

offs in the proper time variable. In our numerical analysis
A=1.25 GeV andu=0.51 GeV. The results are quite
stable against 10—-15% variations of the cutoff values. We

again refer td1,7] for a discussion on the determination and + mm¢w)
the physical meaning of these parameters.

2
r
myw+ 2mq— — —1>

1 mZ
B Bs
s

1-2—— | +Qs

+ 296 w—
mBsm¢,

; (13

where
A. Direct form factors 5 5 5
mg_+mg—q
The CQM expressions for the contributions to the form W=, (14

2mg m
factors, derived by thalirect diagram calculations with/ Bs ¢
andA currents(see Fig. 1, are the following: and
Z m2 —q?—m2
D2y — _ _ Bs 4
VE(q9)= g¢ss\/mBs(Ql mZ)(mg_+my), (10) = (15)
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TABLE IIl. Values of the mass poles for the polar form factors.

Form factor Pole mas&GeV)
\Y 5.416
A, 5.75
A, 5.75
Ao 5.75
T, 5.416
T, 5.416
Ts 5.416

The definitions of the functiong,(); are the following:

_iNg freg d4l
167%)  (12=m?)((1+p)2—m2) (v -1+ A +ie)
(16)
ZM:Q]_U'qu‘szlﬂ, (17)
ZF= Qg+ Qutv "+ Qsv ' *v" "+ Qg[vH v +0v " *0 "],
(18

whereZ* and Z*” mean that in the&Z integral we are con-
sideringl# andl#l” numeratorsv is the four velocity of the
incoming meson, and’ the four velocity of theg. In the
computations, v and v’ are related byv-v'=(A,
—A5)/my whereA, isv -k, k being the residual momentum

of the heavy quark. The explicit expressions for the integrals

Z, Q; are algebraic combinations of sorhentegrals which

are given in the Appendix. They are in general functions o

the two parametersA; and A,. In the case of the direct
diagrams in Fig. 1A,=A;—m w0, Wwherew has been writ-
ten in Eq.(14).

B. Polar form factors

The polar contributions to the form factors come from

those CQM diagrams in which the weak current is coupled t
B, through an heavy meson intermediate state; see Fig. 2.

The form factor will then have a typical polar behavior:

FF(0)

, 19
— i (19

FP 2y —
(99 1

PHYSICAL REVIEW D64 074012

. VMg (Mg _+my)
A5(0)=—\2gyuF ——————,

*k
BS

(22

where w=mg_/(2my), while gy=m,/f_ [8]. By BY* we
mean the 1 state of theS multiplet (0*,1%) of HQET. The
mass ofBY* is taken by[9] to be Mgxx =5.76 GeV. At

present there is no experimental information about this state.
As for Af(g?), we have to impose the condition E§); a
choice is

2

n 1
AS(q%)=A5(0)+gyBF :
My/2Mg_ Mg _— g

(23

F andF* are the lepton decay constant of tHeand S
HQET multiplets[8]:

(VAC|gy*ysQ[H)=imyr~F (24)
(VAC|qy*Q|S)=iVmgr#F ™, (25)

where we user=uv (the heavy quark velocily for H
=07,S=0" andr = e (the polarization vector of the heavy
meson for H=1",S=1". One finds

F=2VZu(l,+(Ag+m)l5(Ay)), (26)
Fr=2yZg(l1+(Ag—m)I5(Ag)). 27)

fThe numerical table connectiny, andAg values has been

discussed in7]. We notice that

E
fg,= ) (28
\/mBS
oand numerically, we find
fg,=180'7; MeV, (29)

which is in reasonable agreement with the result from QCD
sum rules[4] and from the latticd10], according to which
st: 190 MeV. The theoretical error in the determination of

st comes from varying thé ;= A, parameter in the range

wheremp is the mass of the intermediate virtual heavy me- ¢ valuesA,=0.5, 0.6, and 0.7 GeV.

son state. Pole masses are given in Table Ill. This behavior
certainly valid near the pole; we will assume that it is valid
all over theg? range that we want to explore, i.e., also for

small g2 values. We find

Mg _+Mmy
VP(0)= = V2g N F———, (20
mBS
J2mg gyF*
AT(0)= ———————({—2pom,), (21)

Mg+ (Mg + M)

'S The CQM explicit expressions for the strong constants

N, B, u, ¢, parametrizing the strong couplingdH¢ and
HS¢ according to the interaction Lagrangians discussed in
[8] are given by

A= 3;;3 Zu(—Q,+m2), (30)
\%
B=12 g;szH[ZmeL myQp+ 205+ Q4+ Qg —mZ].

(31)
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Here the functiong, (); are computed withh; =A,=A,
X=mMmy, w=m¢/(2mBS) where one takes the firstrtis cor-

rection tow=0. Moreover,

_ 9gss

p=—=
\/Egv

\/§9¢ss
Ov

Q
JZnZd —Ql—zm—Zerz , (32)

VZuZs(MyQy+2Q5+ Q0+ Qs—m?2),
¢
(33

é’:

where Aj=Ay, Ay=Ag, x=m, and o=(A;—A;)/my.
The suffixSindicates the (0,1%) multiplet of HQET.

C. Direct tensor form factors

Let us now turn to thd; form factors. The contributions
to T; coming from the direct diagrams in Fig. 1 are labeled

by TP . A calculation of the loop integral Ed9), in which

PHYSICAL REVIEW D 64 074012

and the following consistency condition is satisfied:

T2(q?=0)=T5(g?=0). (40)

D. Polar tensor form factors

The calculation of polar contributions to tfg form fac-
tors follows the computation if8]. In the latter reference a
different parametrization of the tensor current matrix element
is used(and also a different definition af ,, from the one
adopted in this paper; namely the,, is defined without an
overalli):

(¢(p.€)[50,,,(1+ v5)b[By(Pg))
=i [( po,EV_ pBVE/.L_ i E,U,V)\U'p)éEU)A(qz)
+(p,u.6v_ pve,u._ i E;/.V)\(rp)\eg—)B(qz) +(6' pB)

X (PP, = PP~ i €unoaPEPIH(G?)]. (41)

we retain theT current of the electromagnetic penguin op- The relations between the form factofgq?),B(g?), and

erator, allows us to extract thé’iD by comparison with
Eq.(6). We obtain the following results:

Q,m, 1
T?(qz):_g¢>ss\/ZHmBs 0+ mg —Zm+ﬁ
20,+Q,+0 2P QO i 34
X 3t iyt s+m 6—m—BS, (34
204ss my(,J
To(?)=— ——2° 7. mg |KQ,+ —KZm
2(9°) (més_mfﬁ) H Bs[ 1 Mg,
J 2P m2zJ
+_ 293+Q4+Q5+ QG - 5
Mg, Mg My, Mg,
(39
D/ 2 Qg
T3(a9)=~9yssyZumg | Q1+ ———(J+K—-P)
mg_m,
2
g, zme A L 00,4 0,400
M, 2 Ms, e, 3t {y+8s) |,
(36)
where
més— mé+q?
J—f, (37
mg_—m5—q?
K= > ; (38
m§s+m§,—q2
pP=—— (39

H(g?) and our form factord;(q?),T,(g?), andT5(g?) are
given by

Ti(q)= — 5[A@) +B(q?)], @2

Ta@?) = — 5[A®@)+B(q) ]- 5[A(%) ~B(a?)]

2
K 43

i i
To(0%) = 5[A(%) ~B(g*) ]+ 5 H(g?) (m —m3).
(44)
Again, the conditionT{(0)=T,(0) is manifestly satisfied.
Now, the polar contributions from the 1land 1" intermedi-

ate states have been computed8hwith the following re-
sults; if the I state is taken into account:

i2y2EngyP
AQ)= ————, (45)
(Mp—q°) /Mg
—izﬁﬁxgvmg’:
B(q?) = TR , (46)
mp—q
—i2\2F\g
H(qZ)I#V_ (47)
(Mp—0°) /Mg
If instead we consider the*1contribution:
—i\2mg F*gy({—2umy)
A(g?)= , (48)

(mz—g?)
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0 3 6 9 12 15
2
1.5 1.5
1 1
0.5 0.5
- S - -—— - — - k- - e 2 - -— -
0 3 6 9 I2 15

q2 GeV?
FIG. 3. g% dependence of the semileptoBg— ¢ form factors

V (dash-dottef] A, (large dashesA, (small dashegs andA, (con-
tinuous ling.

B(g?) =0,

_i2\/2mBSIE+,LLgV

(mIZD_ a?) Mg

(49

H(g?) = (50)

wheremp is the mass of the intermediate polar state. Let us

PHYSICAL REVIEW D64 074012

0 3 6 9 12 15
2
1.5 15
1 1
‘___"/-'—'_'
0.5 -_—__“_;_-——--—- 0.5
Ry [
-—
- -
Sy
0 3 6 9 12 15

FIG. 4. g dependence of the tens@.,— ¢ form factors T,
(continuous ling T, (large dashesandT; (small dashes

4. The dependence on the model paramatgris less than
10%. Figure 3 is similar to that obtained for the deday
—plv [11] (note however that Fig. 3 ¢fL1] contains a mis-
print andA,; andA, are interchangedAs in theB— p decay
the V form factor results in the model from a large cancella-
tion between the direct and polar term. Therefore the result
for the V form factor has a large incertitude.

In order to compare with results from other approaches

consider the contribution due to the btate using the results we consider the following two parametrizations of the form

for A(q%) andB(g?) obtained in[8]. We find

FAgy
\/sts

neglecting a term rhés— m3)/mg+2. The contribution to

TH(9?=0)=— =T5(g?=0), (51)

these form factors due to the"1state is subleading, being

O(1/mg). The form factorTg (0) has the same structu(®l)

of Tf’Z(O) for the 1" contribution. The subleading contribu-

tion from 17 is instead

T§(0)=< \Y, n;BS(ﬁ+9v(§—2Mm¢))—12
Mp

(mg—m3) 2
+T m—BS(F+9vM)

. (52

factors:
F(0)
F(g?)= - marl (54)
l—ag| — | +be| —
F(m%s) F(fnés)
and
2 2\ 2 2\3
F(qz)zF(O)ex;{clq—ercz(q—Z) +Cg(q_2) ]
mg, mg, mg,
(55

The coefficientsag, bg, ¢1, ¢, andcs are given in Table
IV. Results can be compared with those obtained from QCD
sum ruled 4] (see Table Il and Fig. 4 of that papem order

to allow an easier comparison we write thEif0)gg in Table

IV. As already stated ow form factor is affected by a large

We do not include the subleading contributions in the nuncertitude. Concerning\,, A;, and A,, their value atg?

merical analysis since they turn out to be very small correc— g s different in the two models but their shape as a func-
tions, certainly below the theoretical error induced by thegjon of 2 is quite similar. The tensor form factors have a

model itself(varying, e.g., the parameta, in the range 0.5,

0.6, and 0.7 GeV).

E. Numerical results for the form factors

The form factors used in the branching ratio calculation

are obtained adding up polar and direct contributions:

F(9?)=FP(g?)+FP(g?). (53

more pronounced polelike behavior in the QCD sum-rule
calculation than in the present one.

IIl. RELATIONS BETWEEN THE FORM FACTORS

Relations between the form factors can be established us-
ing the equations of motion for the heavy quarks or taking
limits of the general expressions calculated in the preceding
sections. They are useful to link different decay processes

Theq? dependence of the form factors is given in Figs. 3 andand as a cross-check of the calculations.
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TABLE IV. Values of the parameters of Eq&4) and(55) for the B— ¢ form factors in the constituent
quark model using the central valdg,=0.6 GeV. VaryingAy by =100 MeV gives a variation of 10% or
less in the values of the form factos(0)gg is the form factor value in zero from the QCD sum rules.

Vv A A, Ao T, T, T,
F(0) 0.20 0.59 0.73 0.29 0.42 0.42 0.36
F(0)sr 0.43 0.30 0.26 0.38 0.35 0.35 0.25
ar +0.65 -0.11 +0.78 +2.70 +0.78 +0.85 +0.62
be +0.96 +0.49 -0.52 +2.30 +0.07 +12.9 -0.88
cl +0.41 ~0.19 +1.03 +3.65 +0.75 —1.89 +0.48
c, +0.73 +0.01 -0.85 -2.15 +0.34 +8.41 +1.43
Cs —2.47 ~0.61 +3.47 +1.60 0 -25.3 +1.22

A. Semileptonic and tensor currents

The equations of motion of the heavy quark implies

1+
szb, (56)

and in theb rest frame one has
Y’b=b, (57)
which can be used to relate vector and tensor curidrits
Q00 (1+75)Q=—1g%%(1-75)Q. (58)

Therefore the form factors,, T,, andT5 of Eq. (6) can be

In a similar way the other equivalent parametrization in
terms ofA, B, andH is related to the form factorg, A, and
A,:

2_ M2 2 2
| a*=Mg—mi.  V(g?) M g+ My
A(Q?) =i £ - AP |,
MB MB+mK* MB
(62
2M
B(g2) =i ————V(q?), 63)
MB+mK*
. 2
2i [ V(gd) 1 q*+M3—mg,
H(qz)ZM— T ) | -
B MB"FmK* 2q MB+mK*
(64)

related to those describing the weak semileptonic transition

B— ¢ of Eq. (3) or B—p, usingSU(3) symmetry.
Using Eg.(58), the form factorsT,, T,, andT5 are re-
lated to the form factor¥, A;, andA, as follows:

1 [mg —m3+q?
2\ — s 2\ _ 2
Ti(g%)= 2me.| Mgt m, V(g%) = (mg_+my)A1(q) |,
(59
1 V(g?)
To(g?) = mg —2m3
) 2mBS(m§S— mf{)) Mg_+ m¢[ Bs Bs

X (M5+0%) +(m3—g%)%] =~ A(%) (mg_+m,)

X (mg_—m3+ qz)] : (60)

T3(g%)=

- 2 2 2_ 2

Ax(9?)
+Ay(q?) (Mg +my)2— 2q2 (Mg —m3)

X (mg_—mj+ qz)] : (61)

These relations are strictly valid only fgP~q?,,,.

B. Final hadron large energy limit

We examine a particular large energy lifilEET) for the
B— ¢ semileptonic form factors; one of a heavy mass for the
initial meson and a large energy for the final one. The ex-
pressions of the form factors simplify in the limit and for
B—VIlv, they reduce only to two independent functions
[13]. The four momentum of the heavy meson is written as
p=Myv in terms of the mass and the velocity of the heavy
meson. The four momentum of the light vector meson is
written asp’ =En, whereE=uv-p’ is the energy of the light
meson andh is a four vector defined by -n=1,n%=0. The
relation betweemy?> andE is

=M —2MyE+m?3. (65)
The large energy limit is defined as
Agcp.my<My E, (66)

keepingv andn fixed andmy, is, in our case, the mass of the

¢. The relations between the form factors appearing in the
LEET limit constitute a powerful theoretical cross-check of
the formulas derived in the previous sections. Note that in
our model the polar diagram of Fig. 2 is sub-leading with
respect to the direct diagram of Fig. 1 in the LEET limit;

therefore only the direct part of the form factors contribute to
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the expression of the LEET form factors. In agreement with m\2/ mfﬁ \/g
the results obtained ifl4] we find the following result: W—>g¢,ss= H 30083949 (73
2
2y—|1—
Ao(0%) = ( 1 )gH(MH ’E)+ gi(MH B, in order to take into account the constituent quark structure

(67) of the ¢ meson15]. The angle 39.4° in Eq73) is thew—a¢
mixing. It is interesting to note that in LEET one can also

2E relate the form factoi,, T,, and T5 to the semileptonic
Au(q?)= My +my ¢ (My.B), (68) ones and to the, and ), form factors of the LEET limit
[13]:
Asq)=| 1+ mV) £ My E)— 2 g (M E)}
2 - IV 1 H» = H» '
M E“l (0% = £, (My B, (74
(69)
. my q?
V@) ={ 1+ g6 (Mu B, (70 To()=| 1= ———| ¢ My, E), (75
Mi—my
The explicit expressions fafj and{, are as followq 14].
2
\/MHZH m\2/ mV m\/ 2\ — _@ — mV
(76)
VMy
+4AHm\/Z -~ E y (71)
¢, and{)| obtained in this way agree with those of EG&L)
and(72).
M Zyms \/MH
Q(MH,E):T[' 3(Ay)+m§ Z]~ ,
(72 IV. DECAY DISTRIBUTION AND ASYMMETRY
where terms proportional to the constituent light quark mass The dilepton invariant mass spectrum for the de&ay
m have been neglected. Note that to obtain the correct results* ¢l "1~ can be written in terms of the adimensional masses
for the ¢ meson one has to replace 2 q2/mB , M= m; /mg_ and m¢—m¢/mB [16]:

dr Gfa® mB la|?. m? s2 1 2 . R
*\/ |2 2 202 2 S 2,72 2
d&z_ 2105 ViVl gx[ 3 47 1+2q +e|*q 3" e LIRE 3 +8mMy(q+2mp)
2 . . <2 <2
+[f12| p— 5 +8m5(q%—4m7) | [+ —|[c|? 7——| +|g|? n— = +4mA(2+2m3—?)
3 m¢ 3 3

2 2
[Re(bc*)( %)(1—&3—&2)+Re(fg*)( ( n— %)(1—6@—&2)+4r}1€n”

2
my
m,2 m?
= n[Re(fh*)—Re(gh*)(1— m¢)]+—q 2nlhl?, (77)
m¢ My
|
where m|2
s=1\/7|1-4—|. (79
m4 q4 m2 q2 q2 q
L L2 . P M
B, Ms, Ms B,/ ey The functionsa to h contain the form factor dependence and
the Wilson coefficientgsee the Appendix The invariant
and muon mass distribution for the dec8y— ¢u* u™ is given
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7.5 10
q2 GeVv?

12.5 15 17.5

FIG. 5. Dimuon invariant mass distribution of th&,
—¢utu” decay. The vertical axis is in units of 10 GeVv 2.

in Fig. 5. Integrating the differential decay distribution Eg.

(77) allows us to compute the branching fraction for g
—¢u’ u” decay:

B(Be— put " )=8.8x10°, (80)

Note however that this number is model dependent not only

due to the form factors but also to the w&aE resonances are
taken into accourftsee formulaA38) in the Appendi}. For

PHYSICAL REVIEW D 64 074012

dA d2r 0 dar
AFzB:_fg(q ds— +f ds——. (83
dq 0 dsdg?  J-s@®  dsdg?
For Bs— ¢l "I~ decays we obtain
2 2.5
dAFB GFa rnBS R "
9P 20 ViVl ’a%s(6%) [ Re(be*) + Re(af*) .

(84)

In Fig. 6 we plot the differential forward-backward asymme-
try normalized to the differential decay rate

dArs dA dr
,\FB =$/ =5 (85)
dq2 dq2 dq2
The position of the zerfnzO is given by
X My o T2(@%) . .
Re(C5(0%)) =~ 7, CF == (1-my)
oo % ! A1(a%) ¢
1(q o)
1+ 86
v (o) ( ¢)] (86)

Note that in LEET the ratio§,/V and T,/A; are simple

a comparison we calculated the same branching fraction eXunctions ofm¢ and g2 with no hadronic uncertainties, as

cluding the effect of thec resonances:

B(Bs— ¢M+M7)nonresonan't_‘ 2.5x10°°.

This amounts to using EGA35) instead of Eq(A38) for the

(81)

can be seen from formula$7)—(76). For a detailed study
including radiative corrections s¢&9]. Decays such aBg
—¢l"1~ involve the Wilson coefficientCs", C&™, and
Cio- In extensions of the SM they can assume rather differ-
ent values from those expected in SM. In particular the po-

calculation. Finally in order to have a more realistic estimatesition of the zero in the forward-backward asymmetry is a
of the branching ratio we use the complete expression Edneasure ofc;/Re(Cg) which, as shown above, depends on
(A38) but exclude thecc resonance regions 2.9-3.3 GeV form factor ratios. This decreases the model dependence of

and 3.6—3.8 GeV from the integration as[iti/]:

B(Bs— ¢M+M7)exmlike: 1.9x10°°. (82

The differential forward-backward asymmetry is given by

[18]
1
0.75
0.5}
0.25}
0%
-0.25
-0.5
-0.75
0 2 4 6 8 10 12 14
q2 GeV?

FIG. 6. Normalized forward-backward asymmetry of tBg
—¢u*u~ decay. The two peaks at higif values are due to the
J/ and ¢(2S) resonances.

this number. Moreover the sign &, can be opposite to the
SM one in beyond-SM scenarios. All these elements explain
the relevance of the experimental study of the forward-
backward asymmetry and the need for form factor computa-
tions, despite their model-dependent nature.

V. CONCLUSIONS

The exclusive procesB,— ¢u* u~ belongs to a set of
processes, likeB—K*u*u~, and B—Ku"u~, Bg
—put u”, which will be accurately studied & factories.

In this paper we have examin@®&l— ¢u™ u~ in the frame-
work of a constituent quark meson model. Tthemeson is
coupled using the VMD hypothesis. The model has exten-
sively been tested in a number of exclusive procefspdt
provides results in good agreement with experimental data
and with those obtained using QCD sum rules. In order to
have a better understanding and a check of the form factors,
we have considered the LEET limit of tlla— ¢ut ™ de-

cay obtaining consistency among A, and T direct form
factors. We have studied the decay distribution and the
forward-backward asymmetry. As shown[20], CQM also
offers a versatile calculation framework to study more exotic
processes involving higher spin meson states. This aspect of
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the model will be very useful for the study of higher sjin X2 13(A)—-3l3(A,)
and Bg rare meson decays as soon as data on these states Ks= 24t *t37
become available.
X[Aql3(A1)—Asl3(As)], (A10)
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APPENDIX
1. Integrals expressed in terms of the integrals, regularized using the
) o i i _ Schwinger proper time regularization method:
We list the explicit expressions for the integrals used in
the text: | iN. freg d%k Ncm2F< 1mz mz)
= = Etyw i a B
o 15X/~ 15002)+ ol 5(Ap) ~15(40)] o1ert) (-m) 16701 AT
= A12
' 2x(1— w?) (A12)
[A—wx/2]Z o iN. [reg d*k
L A1) la(A)= 7y :
1— w2 167 (k*=m“)(v-k+A+ie)
N u2ds
0,2 218D+ s(80) ~ll(~x12) ~I5(d2)] - =" lt;s—e,me’s(mz’Az)(lﬂLerf(A J9)
2X(1—w2) (A13)
27 Az A2 1s(A1Az0)
1- w?
_iNg freg d*k
0 _ﬁ+2wK4—K2—K3 (A3) 1674 (K>=m?)(v-k+A;+ie)(v'-kK+Ay,+ie)
3™ ’
2 2(1- w?) 2 1
=J dx 5
-K; 3K2—6wK4+K3(2w2+1) 0 1+2x(1—w)+2X(w—1)
T 2(1- 0?)? B 6 (2
—w -
—f”" dsoe S5~ 12(1 L erf(0\s))
5 167T3/2 A2
_Kl 3K3—6wK4+K2(2w +1)
Q5= PN 22 ' (AS) 6 (1
2(1-0?) 2(1- 0°) + f ¥ ds @ s(m?=20%)g-11 (A14)
1672J 1/A2
Kiw 2K4(20%+1)—3w(K,+Ks)
Q= 21— o?) + 21— 0?)? ., (AB)  Here we have used the definitions
X
iN¢ freg d*k F(a,xO,x1)=f ‘dtette (A15)
= X
1674) (K= m)[(k+q)2—m?](v-k+ A +ie) ’
2 (z 2
I5(A1,X12,0)—15(Ay, —X/12,w) erf(z)= —f dxe ™, (A16)
= > : (A7) Vo
wherex=my, o, Aj, andA,, are specified in the text and e AL A, ) = Ay(1=x)+Apx
0, H y=_21,42, - .
Ki’s are given by V1+2(0—1)x+2(1—w)x>
Ki=m?Z—15(A,) (A8) (A17)
13(x/2)—13(—x/2) 2. Integrals in the LEET limit

K,=A%Z—

[(l)XJF 2Al]1

4x We list the expressions for the integrals used to compute

(A9) the form factors in the LEET limit:
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LEET 1 TABLE V. Masses, widths, and leptonic branching ratios of the
Q1 =~ E[' 3(A1)+XZZ], (A18) 17~ cc resonances. Fal/ ¢ and (2S) the branching ratio is the
one tou* 1. For the other resonancesygnS)—e*e™.

1 —
Q5FT= = S [1a(x12) = 15(=X/2)+2xA:Z]  (AL9) Mymg (GEV)  Tymg (GEV)  Br(y(n9—11)
NI 3.097 8.%x10°° 5.88x 10 ?
1 W(29) 3.686 2.7K10 4 1.03x 10 2
LEET__ _ _— _ _
Q5= 8E[X(I3(X/2) l3(=x12)) #(39) 3.77 2.36<10 2 1.1x10°°
5 W(4S) 4.04 5.2 10 2 1.4x10°°
+2A,(13(Ap) +2x%22)] (A20) 59 4.16 7.8<10°2 1.0x10°°
W(6S) 4.42 4.3<10°2 1.1x10°°
QLEET:iA I3(Aq) (A21)
4 2E 1'3 1/
. F(@%) = (1+my) Cr0As(6?), (A30)
QLFET= 2E (X2 =15(=x2)], (A22)
“ 1 -
9(0%) = ——=—C10Ax(q?), (A31)
LEET X 1+m¢
Qg :@[X(H(X/Z)_|3(_X/2))+2A1(|3(A1)
A 1 - - - -
+4x22)], (A23) h(g?) = ?Cﬂ{( 1+my)Ay(G) — (1—-my)Az(q?)
where — 2, Ao(42)]. (A32)
A=Ay, x=my. (A24) . .
The Wilson coefficient€; are those of5] (see Table)l The
. ) effective coefficient<C®™ are defined as follows:
3. Auxiliary functions
The auxiliary functions introduced in the formula for the Cé=C,—Cg/3—Cq (A33)
invariant mass spectrum for ti&,— ¢! *1~ decay are de-
fined as C§'(a%)=Co+Y(&2), (A34)
. 2 A(mp+mg) . ,
a(g?)= ceMa?V(g?) + —Ce T.(9?), whereY (g°) is matrix elements of the four-quark operators
1+ m¢ (for a detailed discussion on the perturbative and nonpertur-
(A25)  pative contributions segl6]). A perturbative calculation
yields[21]
2 — 1+ - eff 12 A 2 “ n
PLAD =Ly ma)] CoHADA(ED) Y per %) = N(2,3)(3Cy + C+ 3C,+ Cy+ 3Cs+Co)
2(My—m —1N(1,9%)(4C3+4C,+3Cs+Cq)— 1N(0,97)
(*’—‘“‘)u m¢>ceﬁTz<q2>l (A26) i ST
q? X(C3+3C,)+2(3C3+Cy4+3C5+Cg), (A35)
. 1 . i R - wherez=m./m, and
(9% = ——=5| (1—my)C5'(q*)Ax(q?) +2(m,— my)
1=my \pin 8 M 8 8 4 2
1_[,]\1(215 (z,9 )——§n7—§nz+2—7+§x—§( +X)
eff 2 N2
XC7| Ta(a) + —5—Taa%) | |, (A27) ( \/_+1 | )
-7, x<1
. 1 . . . . . % x| 12
A(E%) = [ CE(E) (14 ) Ag(E7) — (1= g Ax(3P) 1=
q 2 arctar——, x>1,
- ) Sn fi 2 x—1
—2myAo(g°)) —2(m,—mg)CT'T5(q%)], (A28) (A36)
(&) = —— CoV(§D) (A29) 8 8 4t
1+Fn¢ 10 ' X(0,02 )———In +2—7—§Inq +§|7r (A37)
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and x=42z%/q>. In order to incorporate the nonperturbative (0 the one predicted by our calculation using ta)
contributions téY' we follow the phenomenological prescrip- —# 4 experimental branching fraction:

tion of [18] where cc resonance contributions from B(Bs— ¢l p—put ™)
JIp, ', ... parametrized in the form of a Breit-Wigner, are L
added to the perturbative result =B(Bs— ¢ ) ex B p— 1" 17 )exp-  (A39)

The g2 integration range for the calculated branching is
(My =T 314)* <2< (mMy,+Ty,)?, which is a Ty, inter-
val around thel/ s resonance. The result is thaka=1.36 is
needed to correct for the factorization result. By taking4,

N N 37
Y(qZ) = Yperl(qz) + _2 (3Cl+ Cz+ 3C3+ C4+ 3C5+ CG)
o

CVi—=1* 1 )my for the integration interval around th# ¢ resonance only
X K5 - (A38) changes the branching ratiB(B;—J/#¢) from 9 to 11
Vi=y(1s), .. u6s)  my =g —imy Iy X 10~* which is within the experimental error. For the other

k; values we again take 1.36 as no experimental values are
The numerical values used for the masses, widths anknown for the higher I~ charmonium resonances. Note
branching fractions of the 1" charmonium resonances are that for the SU(3) related decd— J//K* the « factor is
given in Table V(data from[22]). The factorsk; correct for  estimated to be=2.3[23] using inclusiveB— X *|1~ data.
the naive factorization approximatior, is calculated com- However using exclusive data a smalle=1.6 is obtained
paring the experimenta — J/(1S)¢ branching fraction [16].
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