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B,— |1~y decays in light cone QCD
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The radiative dileptonic decay(By)—1"1"y (I=e,u) are investigated within the standard model. The
transition form factors are calculated in the framework of the light cone QCD sum rule method and it is found
that the branching ratios are B(Bs—e'e 9)=2.35x10"° B(Bs—u u y)=1.9x10°,
B(By—ete y)=1.5x10 andB(By—pu " u~ y)=1.2x10" 0, A comparison of our results with the con-
stituent quark model predictions on the branching ratios is pres€i88856-282(197)02011-Q

PACS numbd(s): 13.20.He, 12.38.Bx, 13.25.Hw

[. INTRODUCTION from the light quark give the dominant contribution to the
decay amplitude which is inversely proportional to the con-
The flavor-changing neutral curref@CNC) processes are stituent light quark mass. However the concept of the “con-
the most promising field for testing the standard ma&ah) stituent quark mass” is itself poorly understood. Therefore,
predictions at loop level and for establishing new physicsany prediction on the branching ratios, in the framework of
beyond thatfor a review sed1] and references therginat ~ the above-mentioned approach, is strongly model dependent.
the same time the rare decays provide a direct and reliable In this work, we investigate thByq—1"1" y processes
tool for extracting information about the fundamental param-Practically in a model independent way, namely, within the
eters of the standard modéBM), such as the Cabibbo- framework of the light cone QCD sum rules meth@dore
Kobayashi-Maskaw#CKM) matrix elementd/,4, Vs, and about the method and its applications can be found in a re-
Vup [2]. cent review[8]). The paper is organized as follows: In Sec. Ii
After the experimental observation of the-sy [3]and W& give the relevant effective Hamiltonian for the
B— X<y [4] processes, the interest has focused on the othdt—d! |~ decay. In Sec. Ill we derive the sum rules for the
possible rareB-meson decays, which are expected to be oblransition formfactors. Section IV is devoted to_the numenc_al
served at futur@-meson factories and fixed target machines. 2nalysis of the form factors, and the+ calculation of the dif-
In addition to being used in the determination of theferential and total widths for thB,—1"1"y (q=s, d) de-
Cabibbo-Kobayoshi-MaskowéCKM) matrix elements, the Cays. In this section we also present a comparison of our
rareB-meson decays could play an important role in extract/€sults with those of 7].
ing information about some hadronic parameters, such as the
leptonic decay constant_ and fg . Pure leptonic decays Il. EFFECTIVE HAMILTONIAN

Bs—u'u~ andBs—e'e” are not useful for this purpose,  The most important contribution to By—!"17y
since these decays are helicity suppressed and asa resulttheye 1) stems from the effective Hamiltonian which in-
have branching ratiosB(Bs—u"p)=1.8<10"" and  duces the pure leptonic proceBg—t"t~ . The short dis-
B(Bs—e"e™)=4.2x10 " [5]. For theBy-meson case the tance contributions tb—1*1~q decay, comes from the box,
situation becomes worse due to the smaller CKM angle. Al-z_poson, and photon mediated diagraRgy. 1). The QCD
though the procesBs— 7" 7", whose branching ratio in the corrected quark level amplitude in the SM can be written as
SM is B(B— 7" 77)=8x10"' [6], is free of helicity sup- [9,10]

pression, its observability is expected to be compatible with

the observability of thé8,— u™ .~ decay only when its ef- aGg — — - —

ficiency is better than 1. M= \/——thqu Cs'(ay,PLb)ly,l+Ciay,PLbly, sl
When a photon is emitted in addition to the lepton pair, no 2m

helicity suppression exists anymore and larger branching ra- C,_ _

tios are expected. For that reason, the investigation of the —ZFqiaM,,pv(mbPRJr mgPL)bly,l|. (D)

Bs(d)—>l+l ~ v decay becomes interesting. The branching ra-

tios of these processes depend quadrz_itically on the Iep.ton'p;ere PLr=[1—(+)7¥s]/2 , andp is the momentum of the

decay constants & mesons and hence it could be a possibleiepton pair. The analytic expressions for all Wilson coeffi-

alternate in determininfls_andfg . In [7], these decays are cjents can be found if9,10] . In further considerations we

investigated in the SM using the constituent quark approacbkhall neglect the mass of the light quarks.

and it is shown that the diagrams with a photon radiation As we have already noted, the pure leptonic processes
Bq*>|+|_ (I=e,u) are helicity suppressed. If a photon is
attached to any of the charged lines in Fig. 1, the situation

*Electronic address: taliev@rorqual.cc.metu.edu.tr becomes different; helicity suppression is overcome. If a
"Electronic address: e100690@orca.cc.metu.edu.tr photon is emitted from the final charged lepton lines, it fol-
*Electronic address: savci@rorqual.cc.metu.edu.tr lows from the helicity arguments that the amplitude of such
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__FIG. 1. Feynman diagrams in the standard model for prq ’
bg—1*1".
b b
diagrams must be proportional to the lepton mass © @

m,(I=e, n). Therefore the contribution of such diagrams are ) . .

negligible. When a photon is attached to any charged internal FIG. 2_. Dl_agrams describing the perturbatlve and nonperturba-
line, the contributions of these diagrams will be strongly sup-vé contributions to the correlator functiad).

pressed by a factor afmZ/m3, in the Wilson coefficients,

since the resulting operators have dimension eight, which argig. 1 with a photon radiation from the initial quark lines.
2 orders higher than usual operators in EQ. So, we con- Thus the corresponding matrix element for the process

clude that the main contribution comes from the diagrams irBgg)—| *1~y can be written as

aG,:

(v|M| B)ZEVmV?q C§fly, (M D[@y,(1— ¥5)b|B(p+a)) +CSil 7, v (¥(@)[47,.(1~ 7)b|B(p+ Q)

: (2

my— —
_2C752_| 7,u|<’)/(q)|qlo-,uapa(1+ 7’5)b|B(p+Q)>

These transition amplitudes can be written in terms of two independent, gauge-inyaitAntespect to the electromagnetic
field) structures:

Ge (P f(p?)
<7(q)|q”‘(1_75)b|B(p+q>>:e[ fwﬁae’;pﬁqu%+|[e;(pq)—(e*p)qﬂ]—r:z }
B B
G _ R P{ L) B o of1(P?)
(AN uaPal 1+ 75)DIB(P+ ) =) €uos Potly 2 +ilEL(PA) ~(€*PIG, I 7 3

Here,e, andq, stand for the polarization vector and the momentum of the phgtas,the momentum of the lepton pair,
g(p?), g:1(p?), andf(p?), f1(p?) describe the parity conserving and parity violating form factors. Thus, the main problem is
to calculate the form factorg, g, andf, f; including their momentum dependence. For this aim we will employ the light cone
QCD sum rule method.

Note that the form factorg and f are calculated in the light cone QCD sum rules[1d]. Therefore we concentrate
ourselves to the calculation of formfactags andf, induced by the magnetodipole interaction.

Ill. SUM RULES FOR THE TRANSITION FORM FACTORS  f;(p?) AND g;(p?)

According to the QCD sum rules ideology, in order to calculate the transition form fat{pg) and g,(p?), it is
necessary to write the representation of a suitable correlator function in the hadronic and quark-gluon languages. We start by
considering the following correlator function:

IT,.(p,q)=i f d*x€PX( Y()[Q(X)i 7,,,Po(1+ 75)b(X)D(0)i y5(0)[0). (4)
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This correlator can be calculated in two different ways. On one side we insHrt,¢p,q) the hadronic states witB meson
guantum numbers. Then we have

2
mg fs 1
_ 979 —
H,u(piq)_ M, m%q_(p+q)2<y(Q)|q|UMapa(1+75)b|B(p+q)>
2
Mg, fe 1 9:1(p?) f1(p?)
—e— 2 o€ PGy st + +i[€* (pg) — (€ L . 5
M, méq_(p+q)2 6/.L B aqu _mé_ [ M(pQ) ( p)q/.t,]_mé_ ( )
In deriving Eq.(5) we used
Ny méquq
(B|biysq|0)= My

On the other hand, the correlation functi@h, can be calculated in QCD at large Euclidean momeptad)?. In general, the
correlator(4) can be decomposed into the parity-conserving and parity-violating parts:

I1,(p,q) = €,apm€sPsh Il +i[€} (pa) —q,(e* p)]II,. (6)

Equating Eqs(5) and(6) we get sum rules for the form factogg(p?) and f,(p?).

Let us start calculatindl ,(p,q) from the QCD side. The virtuality of the heavy quark in the correlator function under
consideration, is large and of ordef;— (p+q)2. Thus, one can use the perturbative expansion of the heavy quark propagator
in the external field of slowly varying fluctuations inside the photon. The leading contribution is obtained by using the free
heavy quark propagator in E¢4). Then we have

d4X d4k ei(p—k))( _ .
H,u(p,CI): (277)4 (mg_kz)<7’|Q(X)|0',uapa(l+75)(k+mb)|7’5Q(0)|0>

d'x d*k e'Piox _ _
== (277)4 (mg_kZ) pa{mb<7|q(x)a,u,a(1+)’S)q(o)|o>_kp<7|q(x)0-,u,a’)/p(1_75)q(0)|0>} (7)

In this equation a path ordered gauge factor between the quark fields is omitted, since in the Fock-Schwinger gauge
x,A*(x)=0, whereA#(x) is the external electromagnetic field, it is irrelevant.

Figure Za) and Zb) describe only the short distan€perturbativé part of these matrix elements corresponding to the
photon emission from the freely propagating heavy and light quarks. The nonperturbative contributions correspond to the
propagation of the light quark in the presence of external electromagneti¢Figl 2c) and 2d)].

We now consider the perturbative contributions. For Figa) and Zb) we can write down the double dispersion repre-
sentation

ds dtp{*?(s,t)
[s—(p+q)?](t—p?)

Here, superscripts 1 and 2 correspond to the contributions of the spectral densities to the st1511;4;)5,5,”153’;pﬁqx and

ey (pg)—q.(e*p), respectively.
For calculating the spectral densitigsand py, we use the method given [A2]. After a rigorous calculation for spectral
densities, we have

2=

+ subtr. terms. (8

P (s,t)=—ﬁeeq sé(t—s) 1—? , (9
" 2N, m?
py(s,t)=— 1677_2860 o(t—s) 1—? , (10
2N 2 2 3 2
pi?(s,t)= 167:2eeq[ 5(t—s)(1—%)(—%+§s —(S’(t—s)<l—%)(s—m§)s], (11)
2N, mi\(3 1 s m? s
p(ﬁ)(s,t)zl%zeeo[ S(t—s) (1—%) 5s+ Emﬁ)—Zmﬁln(m—§> -8 (t—s) (1—?b (sz+snﬁ)—23nﬁln<m—§)“.

(12
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In Egs.(9)—(12) p, andpy corresponds to the interaction of the photon with the light amgiarks,N.=3 is the color factor,
eq andey, the electric charge of the light ariquarks, andn, is the mass of thé quark &’ (t—s) = (d/dt) §(t—s).

Next consider the nonperturbative contributions. From &g.it follows that the non-perturbative contributions are ex-
pressed via the matrix elements of the gauge-invariant nonlocal operators, sandwiched in between the vacuum and the photon
state. These matrix elements define the following light cone photon wave fun¢fithd3, see also the first reference in

[11]):

_ 1 .
<~qu(x)owq(0)|0>=ieeq<qq>f0 due (e, 0, —€,d,){xd(u) +x[g1(u) —ga(u)]}

+02(W)[gX(€, X~ €aX,) T eX(X, 00— Xa0,) ])

and

_ 1 1 )
(v19(x) 7, v5a(0)|0) :Zeewﬁxeapﬁxxf fo g, (u)e'uex, (13

Here y is magnetic susceptibility of the quark condensatéy) , g, (u) are the leading twist=2 photon wave functions,
0,(u) andg,(u) are the two-particle=4 wave functions. Note that for calculating the matrix elements

(Y(@[a(X)0,a7,(1~ 5)a(0)|0)
and
(y(@|a(x)0,a750(0)[0)
we use the identities

1
Uuay5:§| €narnpTrp > (14)

O-Maypz [ (’)/,U.gap_ ’)/Cl/g/.Lp)_F E,u.ap)\ Y Y5- (15)

After lengthy calculations fofl; andII, we get the following results, which describe the nonperturbative contributions:

— [t (u) (W-go(u) 4mg—p?») | e (1 [1 p’+m
H1=mbeeq<qq>f0du[—x(i +8mﬁgl Asgg - Zs 92]—foodUK+Tb9¢(U)
— 1
e =AM (pr )l 19
— (* $(u) g1(U)—ga(u)  4(mp+p?) e (L [2 2upqg
Hz=mbeeq<qq>f0olu[—XA HBME T~ ZJ_foOdUZ‘FTgL(U)
1
(7

e AN A (pr )]

HereA=mZ— (p+uq)?. The last term in Eq416) and(17) describes the case when a photon is emitted from the heavy quark
[see Fig. 2d)]. Collecting Egs.(9)—(12) and (16)—(17) we finally get the following expressions for the invariant functions

IT, andII,:
Ne.e (1 ma—p?u mau mzu
= - °2f du bzpz_[l— — eql 1+ ———1 +2e,
167 Jo U"Ay \ L mp—p7u

—_(du[ x¢(u) gi(u)—ga(u)  mi—p? e [du
+mbeeq<QQ>J'T[_ A, +8m§ uzAi’ —4 uzAf g _foj

1 p*+m?
_+—
A;  uAf

g, (u)

1
p)Ims—(p+a)*]’

+eqmy(dt) a9
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1 2
L= NCeJ du I 1 umj,

27 16m% Jo Ar(mi-p?) [\ T m2-pZu

mp—p%u dul  xa(u) ga(U) —ga(u)  mp+p?
+aegmzp2in| e PHI L f +8m 2 AR
4e,mip In( mb mbeeq<qq> A, 8m; uzAi 4 uzAf g

2 2_ o
m;—p?u m— p?u
(€p+eqg)
“

m
2
2 +(eq—eb)mb<

eledu 2 2(pg) ! w0
“ )| a, T uag |9 W) eam(aa) (e .

whereAlz(mﬁ— p?u)/u—(p+q)? u=1—u. In Egs.(18) and(19) we have rewritten the dispersion integral in terms of the
variableu= (mZ—p?)/(s—p?) .

Here we would like to make the following remark. As we noted earlier, the functigfis) and g,(u) represent twist
7=4 contributions to the two-particle photon wave function. To this accuracy, i(Ej.we must take into account other
twist =4 photon wave functiongsee, for examplg,17]). Using the equation of motion, one can relate them to the three-
particle wave functions of twist=4 with an additional gluon from heavy quark7]. But, these three-particle wave function
contributions, in general, are small and we will neglect them in further analysis.

The remaining task is now to match E¢$8) and(19) with the corresponding hadronic representafieee Eq(5)] and to
extract the form factorgy;(p?) and f,(p?). As usual, invoking duality, we assume that above certain threshgtB5
GeV? (this value follows from two-point sum rule analysthe spectral density(s) associated with higher resonances and
continuum states coincides with the spectral density from perturbative part. This procedure is equivalent to writing
(m2—p?)/(so—p?) in the lower limit of the integration oven in Egs.(18) and (19) (for more detail se¢11,15). Finally
applying the Borel transformation on the variabt€p+q)2—M? to suppress both higher state resonances and higher Fock
states in the full photon wave functions, we get the following sum rules for the form factors:

mau
€| 1+ —S——F +2ep|e

1 (mz—p?)
uZM? -2 TVE J2

my 2.2 N. (1du mgu e ,
gl(p2):—E emB/M [TZ _Z(mb pzu)(]_—mz—pu (my—p“u)/uM
o

e—(mﬁ— pZUF/uM2

_ 1du )
+my(ag)e, LT Xé(u)—4mig(g;—9do)

fr1 2+ mZ
+—f dugL(u)/lJr P ) e
4)s u |

uM?

52 2 <®> _m2m2
p%u)/um —eym, e mg/M ,
m,—p

Ne (¢ du P mau m;— p”ul mp—p?
£ (p2)= eMg/M? c e (mp—p2uium?| | 4 _ e +e —3p2
1(p ) fB 16772 s mZb_ p2 mg_ pZu ( q b) \ p

27—
ol Mp—PU
+(eq—ep)Mmp T+p

2
mé—p?u
2.2 b
+4mipIn ———
myu

__ (idu am? 2(p%+m3) 22 2
+mbeq<QQ>LT[—X¢(U)+ A2 9179+ —zyF 92| (my=PTfum
N ffldu P (- <qCI> G 20

At the end of this section we give the result for the differential decay widths:

dr o%G? . m?
45~ 7685 VoVl m s<1—s)3\/1—4m—s[m2[|A|2+|B|2]+ Iclolz[f2<p>+gz<p2>]] (21)

B
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where only a few percent with the changes of,, sp, and fg
within the intervals allowed by the two-point sum rule for
a—n2 2
s=p“/mg, fg.

The sum rule is reliable in the regimnﬁ—p2~ a few
GeV?, which is smaller thap?=m?. In order to extend our
results to the whole region @f> we use some extrapolation
formulas. We found that the best agreement is achieved by

m
A=Cgg(p?) -2 c7p—£’gl<p2>,

and the dipole-type formulas
mp, 3.74 GeV
B=C{"f(p?)—2 C;—5 f1(p?). 2) =
o 1(P?) 732‘ 1(p%) 91(p )_mﬁl (24)
IV. NUMERICAL ANALYSIS ,._ 0.68 GeV
f1(p*)= == (25)

For calculating form factors,(p?) andg,(p?) we use the (1—p*/my)?’
following input parametersm,=4.7 GeV, s,=35 Ge\?,
fg=140 MeV[14,15, ¢(u)=6u(l—u) [16,17. To the
leading twist accuracy we use fg, (u)=1 (see the first
reference in11]) and forg,(u) andg,(u) the expressions

wherem?=40.5 Ge\f andms5=30 Ge\?. For calculating
differential and total decay widths, we need the values of
CS“, C, and Cy, coefficients and the explicit forms of the

[13] form factorsg(p?) andf(p?). These form factors are calcu-
lated in[11]
1
g1(u)=—=(1-u)(3—u), (22 1 GeV
8 g(p?)= (1=pZ5.6)2’ (26)
1
ga(u)=— 7 (1-w)? (29 08 GeV
4 f(p?) = A-ple.d)? (27)

_The mag”e“(z’ susceptibility was determined ﬂ18_] The values of the Wilson coefficien@&; and C,, are taken
x=-3.4 GeV? at the scaleu,~mi—m?Z, (qq)= from [9.10] as
—(0.26 GeV}. The Borel parametévl? has been varied in ’
the region 8 Ge¥<M?2?<20 Ge\’. Numerical analysis C,=—0.315, Cyo=—4.642,
shows that the variation df1? in this region changes the
results by less than 8%. The predictions of the sum rules arend the expressiotiitgff for b—s transition, in the next-to-
very stable in this region of the Borel parameter and varyleading-order approximation is given ésee[19])

. . 1 . .
C§=Co+0.124N(5) +g(Me, ) (3C1 + Co+ 3Cq+ Cy+3Cs+ Co) — 5(MMg, ) (Ca+3Cy)

1 . . 2
—Eg(mbys)(4C3+4C4+3C5+C6)+§(3C3+C4+3C5+CG), (28

with
C,=-0.249, C,=1.108, C;=1.112x10"2%, C,=-2.569x10 2,
Cs=7.4X10"3 Cg=-3.144x1072, Cg¢=4.227.

The value of Cgﬁ for the b—d transiton can be obtained by adding to E¢8) the term \,[g(m,s)—
9(mg,8)1(3 C,+C,), where

ViupVig

u— *
VipVig

For obtaining these values we us&gcp,=225 MeV, sirfé,=0.23, m=176 GeV, my=280.2 GeV, ancﬁqu mg/mg. In
the above formulav(s) represents the one-gluon correction to the matrix eler®grand explicit expression can be found in

[10], while the functior‘g(ﬁ1q,§) arises from the one-loop contributions of the four quark oper&grs Og (see, for example,
[9,10): i.e.,
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FIG. 3. Differential decay rates &.—utu ™y vs s= pzlmé. Here the thick line corresponds to the case withoutlthie ¢’ and the
thin line with theJd/, ¢’ contributions.

-, 8 . 8 4 2
g(mg,s ):—§Inmq+ 2—7+§yq—§(2+yq) 11—y ++

1+V1-y, | ) 1
01— In———=—- -1
( yq)< n]_—\/]_——yq l7 | + (yq )arctg\/ﬁ .

with y,=m,?/s’, ands’ = p?/m.
For a more complete analysis of the above decay, one has to take into account the long distance contributions. In the case
of the J/y family, this is accomplished by introducing a Breit-Wigner formula through the replaceses(20])

R ~ -~ 3w myBr(V—I1*17)I'Y,
9(M,$N—=g(MeS )~ — > <5y (30)
LRV Tl 11 Vo 111V v
|
where my=my/m,, ['=I/m,. The masses and decay B(Be—utu y)=1.9x10°,
widths of the corresponding mesons are listefRify. In Fig.
3 we present the differential decay rate Bf—u ™y B(By—e'e y)=1.5x10"1°,
decay (behavior of the differential decay rate for
B.—ete y decay is similar as a function ofs, with and B(Bg—u'u y)=1.2x10"", (39

without resonanceJ{¢ and ') contributions. From this , .

figure we see that the contribution from soft photons correfOr comparison we present also the constituent model pre-

sponding to the largs region is negligible. diction (at fz=140 MeV, ms=0.57 GeV,my=0.35 GeV
Using the above-mentioned values of the parameters ar{g]'

[VipViy| =0.045, |VpViy=0.01, 7(Bg)=1.34x10 12 s,

7(Bg) =1.5x 10712 s[21], for branching ratios we gétith-

out the long distance contributions

B(Bs—e'te y)=3x10"°,
B(Be—utu y)=2.3x10°9,

B(Bs—e'e y)=2.35x10°, B(By—e'te y)=4x10"1°,
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B(By—pu ' u y)=3x10 %0 (32 B(Bg—pu u )=9x10 1% (34)

We see that the constituent quark model and light cone
sum rule method predictions on the branching ratios are ver
close. Let us compare our results on branching ratios wit
those of pure leptonic decays. The rates for the pure leptoni
decays ardsee, for exampld,6,7])

From these values and EBO) it follows that the radia-
ive decays dominate over the pure leptonic decays in the
(&orresponding channels af]—e"e” y decay mode has a
larger branching ratio. A few words about the experimental
detectabilty of these processes is in order. In fuBifacto-
a?G2f2 mg m? ries and LHC approximately %10'(2x 10')B4(B,) me-

g 3 g |thqu ZCEO_ (33 sons are expected per year. Therefore the decays
16m Bs(d)—>l+l‘y are expected to be quite detectable in these

machines.

In conclusion, we have analyzed the r&g—| *I7y de-
cays in SM and obtain the branching ratios Bar—1 "1~y to

T(By—I*17)=

If we use the value ofBSszdzl40 MeV, for the corre-
sponding branching ratios we get

B(B.e"e )=3x10 1 be around X 10 ° and around X 10 1 for B4—|*1"y.
S 1
B(Bs—p'p )=1.3x10"°, ACKNOWLEDGEMENTS
B(By—e'e )=2.1x10"15, We thank Professor M. P. Rekalo for helpful discussions.
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