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Radiative B* —By and D* —D vy decays in light-cone QCD sum rules
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The radiative decayB* (D*)—B(D) y are investigated in the framework of light-cone QCD sum rules. The
transition amplitude and decay rates are estimated. It is shown that our results for the branching &tios of
meson decays are in good agreement with the existing experimenta| $@f56-282196)03913-4

PACS numbgs): 13.25.Hw, 11.55.Hx, 13.25.Ft

I. INTRODUCTION present the numerical analysis.

The experimental and theoretical investigations of the Il. THE RADIATIVE B*—By DECAY
heavy-flavored hadron physics constitute one of the most )
interesting research areas in particle physics. This is due to_According to the general strategy of QCD sum rules, we
their outstanding role in the precise determination of the funWill calculate the transition amplitude f&@" — By decay, by -
damental parameters of the standard model, and so in deve_qquatlng _the representation of a suitable cor_rela_tor function
opment of a deeper understanding of the dynamics of QCDO" hadronic and quark-gluon languages. To this aim, we con-
However, the theoretical interpretation of the experimentafider the correlator
results is not always easy; the main problem is the influence
of long distance dynamics. Therefore, the extraction of fU”'HM(p,q)=iJ d*xePX(0|T[q(x) ,b(x) ,b_(O)i ¥50(0)]]0)¢
damental parameters from the data of heavy-flavored had-
rons inevitably requires some information about large dis- (1)
tance _physics. In _the Iiterature_, there .exist NUMEroU$y the external electromagnetic field
theoretical works trying to make this extraction as reliable as
possible. While inclusive8 and D decays are better under- Faﬁ(X)Zi(Eﬁqa—anB)eiqx- 2)
stood theoretically, exclusive decays are often much easier to
measure experimentally. However, their interpretation reHereq is the momentum, and, is the polarization vector of
quires accurate estimates of the decay form factors and the electromagnetic field. The Lorentz decomposition of the
other hadronic matrix elements which can only come fromcorrelator is
nonperturbative approaches. Among such nonperturbative
approaches the QCD sum rule metHa¢?] occupies an ex- H,=€,papP,a€pll. ()
ceptional place, since it is based on the first principles of ] ) ] ]
QCD, and the nonperturbativee., long distanceeffects are ~ Our main problem is to calculad in Eq. (3). This problem
parametrized only in terms of the vacuum condensates arfgn be solved in the deep Euclidean space wherefifotind
these parameters are process independent. p'?=(p+0)? are negative and large. In this deep Euclidean

Nowadays, QCD sum rules based on light-cone expansioffgion, the photon interacts with the heavy quark perturba-
are widely exploited as an alternative to the “classical Qcptively. The vario_us contrib_utions to the c_orrelator function,
sum rule method.” The main features of this version are thaEd- (1), are depicted in Fig. 1, where Figs(al and 1b)
it is based on the approximate conformal nonperturbativéepresent the perturbative contributions, Fi¢c) the quark
invariance of QCD, and instead of many vacuum condensatéondensate, Figs.(d and 1d) the five-dimensional opera-
parameters in classical “QCD sum rules,” it involves a newtor, Fig. 1(e) is the photon interaction with a soft quark line,
universal nonperturbative parameter, namely the wave func@nd Fig. 1f) the three-particle high twist contributions. A
tion [3]. Light-cone sum rules were successfully applied toPart of the calculation of these diagrams was performed in
calculating the decay amplitudE —py [4], the nucleon [12,14,15. _ o
factors of semileptonic and radiative decaj-9], the namely the contributions of Figs(a and Xb). For the con-
mAy* form factor[10], B—py andD—py decayg11,17, tribution of Fig. 1(b) we get
B*B# andD* D« coupling constantgl3], etc.

In this work we study the radiative* (D*) —~B(D)y de- [y :&N flxdxfld MpX+ MaX
cays in the framework of the light-cone QCD sum rules. 1 472 ¢), 0 ym2x+ m2x— P2XXYy —P'2XX Yy
Note that these decays have been previously investigated d (4)
[14,15, in the framework of a classical QCD sum rule
method. where N,=3 is the color factor,x=1—x ,y=1-y,

The paper is organized as follows. In Sec. Il, we derivep’=p+q, andQ, andmj, are, respectively, the charge and
the sum rule which describeB*(D*)—B(D)y in the the mass of the light quarks. The next step is to use the
framework of the light-cone sum rules. In the last section weexponential representation for the denominator:
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FIG. 1. Diagrams contributing to the correlation function 1.

Solid lines represent quarks, wavy lines external currents.
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Then

Qchfl fl o
1I,= xdx | dy[ mpx+mgx
1 477_2 0 0 y[ b q ]

X f;daef a(m§x+ mﬁxif pzxixyfp’zxx'y_ (5)

Application of the double Borel operat@(M?2)B(M2) on
I1, gives

~ QgN¢ o107
=

11 _
f dx=[mpX+mgx]
X

47° o1+ 0,)0
mEX+ mpx

2 2y
o -
XX

where o;=1/M% and o,=1/M3. In deriving Eq.(6) we
have used the definition

(6)

o1t 07) |,

B(M2)e *P’=§(1— aM?). (7)

We next consider the spectral density, which can be shown
[16] to be given by

i

010,

B 1é 1 B 1
pl(svt)_a gvo-l T!UZ

8
Using Eq.(6) and Eq.(8), for the spectral density, we get

mwn—Qq°

f dx8(s—1) 8(s— (M, +mg)?)

X O(t—(my+ mq)z)—mbx+ ™ , 9
X

where the integration region is determined by the inequality
SXX— (Mpx-+m;x)=0. (10)
Carrying out the integration overin (9), we get

Qq

pl(s,)= %@tww<mea)

X O(t—(my+ mq)z)( (mp—mg)N(1,k,l)

N |1+K—|+)\(1,K,|) 11
Mo TN L))’ (1)

where k=mg/s,| =m{/s and,
A1k, )= V1+k2+12—2k—21—2«l. (12)

The contribution of Fig. (a8 can be obtained by making
the following replacements in Ed4): my—mgy,e4—€q,
which yields

p2(s,t)=p1(qeb,mye—=my,,Qq—Qyp). 13

Finally, for the perturbative part of the correlator we have

[IPe'= N°mbf ds !
4r? (s—p?)(s—p'?)

2

my
X[ (Qq—Qp) 1—? (14)

|
Q .

Here we have neglected the mass of the light quark. Finally,
applying the double Borel transformation to Ed4) for the
bare-loop contribution, we get

ﬁper f dsex i i
M? M24 i M3
2
mg s
X (Qa_Qb)(l—? +Qb|nEZ- (15
b

After a simple calculation, for the double Borel trans-
formed quark condensate contribution, corresponding to Fig.
1(c), we get
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- | mZ _ 1 1
LT - == uax
I Qb<qq>M§Mgexp< M2+ M2 (16) (A) Y. Y5 F =7 €pvapXrda€pf fodué g, (u).
(20)
Similarly, the result for the five-dimensional operator contri-
bution, corresponding to Figs(d and Xd), is Here the functionsp(u), g, (u) are the photon wave func-
tions. The asymptotic form of the wave functiab(u) is
T1¢=5= - Q,(qq) 21 Ze—mﬁ/(M§+M§> well known[4,18,19:
M1M3
u)=6yu(l—u), 21
) m3m§1+12+1m3 ) $(u)=6xu(l-u) (21
4 \M7 M3/  3M; (7 wherey is the magnetic susceptibility. [i7], it is shown that

) _ _ f=(Qq/9,)f,m, wheref ,=200 MeV andg,=5.5[1].
Here m;=(0.8+0.2) GeV* and is defined by The most general decomposition of the relevant matrix
gs<qaaBGa,3q>=m§(qq>. For the calculation of Fig. (8  elements, up to twist-four terms, involves two new invariant
corresponding to the propagation of the soft quark in thefunctions(see, for exampld,11,12):
external electromagnetic field, we use the light-cone expan-

sion for nonlocal operators. After contracting thequark _ _ 1
line in Eq. (1) we get (a(X)a,50)r=Qqe(aa) JO duxé ey (U)F,5(ux)
. . d4k ei(pfk)x 1
Hu:'f d X—(Zw)“ —mﬁ—kz +Jodu¢>2(u)[xﬁanM(ux)
X{(0[q(x) ¥,.(My+K) ¥59(0)|0) - (18)

=X X, F g, (UX) = X°F ,5(ux)]|. (22

Using the identity,y,v,¥s=0,.Ys— (1/2)0,z€ Eq.

(18) can be rewritten as

pappB

_ The two new invariant functions enteririg2) are given
[, d%k el(PTiox _ by [11]
H;L:lf d X2 W{mb@IQ(X)vﬂsqm)F

1
—(12)€,40,5K0[A(X) 0, 50| O)}. (19 $1(U)=—g(1-w(E-u),
The leading twistr=2 contribution to this matrix element in 1
EZel%resence of an external electromagnetic field is defined as bo(U)=— Z(l_ u)2. 23)
1 . .
— —A /an Using Egs.(19), (20), and (22), for the twist =2 and
- F
(4007500 qumfo AUS(UIF (U, =4 contributions we get

fl ¢(u)du _4fl[¢1(U)—¢z(U)]dU( 2my ) +fl L, fawm,
omz—(p+uq)? Jo [mi—(p+ug?P? mp— (p+uq)? o 2[mi—(p+ug)?]*
(24)

H(T_2)+(T_4>:Qq<®>|:

In order to perform the double Borel transformation we rewrite the denominator in the following manner:
m;— (p+ug)®>=mg—(1-u)p’~(p+q)°u.

After Wick rotation this becomes
mg— (p+u@)’—mi+(1-wp’+(p+a)°u.

Using the exponential representation for the denominator and performing the double Borel transformation for the twist
=2 andr=4 contributions we get

2 2 2
~ — 1 M1 M1
[i(=2)+(r=4)_ g~ m(UMZ+1M3) - -4 M2+=M2| P2l M2+ M2
e Qqaa)) ¢ MZ+M2) M2+ M2 1 Mi+M35 2 MT+M35
1 MMM ] m, MI |1 )
y . SUSLLC PO L S B (25
MZMZ T MIME 2 T\ Mi+ M3/ MIM3
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The masses of thB*(D*) andB(D) mesons are practically equal. So, it is natural to tb[k%c M2, and introduce a new
Borel parameteM? such thatM2=M3=2M?2. In this case the theoretical part of the sum rule becomes

2

mp
(Qq Qb)(l__

mam? mé) 1

~ 3mb So _ 1
fjtheor_ 4Wf dse s(tM?) +Qb|n—44M4 Qu(qaye” ™™ (1_ M* " &M2) am”

m2
1+ Mz

1
(6112~ $o(12)] 5 + 8M4fgi<1/2>] (26)

| (e MME_ g-soiM? [Q(QQ>[4M2¢< )}

In der_iving Eqg.(26), we have subtra_cteq the continuum and (B*|By)= 8a3pgpa€ﬁqp6 Yhimg. (30)

the higher resonance states contributions from the double

spectral density. The details of this procedure are given ifHereh is the dimensionless amplitude for the transition ma-

[13]. trix element;e,, andmg« are the polarization four-vector and
To construct the sum rules we need the expression for ththe mass of the vector particle, respectivelly;is the lep-

physical part as well. Saturating E@) by the lowest-lying  tonic decay constant andg is the mass of the pseudoscalar

meson states, we have particle; q,z and ef]) are the photon momentum and the po-

ok larization vector. Applying the double Borel transformation
Iphs <0|qhb|B )(B*|By)(B|bi 75Q|0>' (27  We get for the physical part of the sum rules

(M3« —pA)[ma—(p+a)?]

h e—(mé* +m2)/2m2

These matrix elements are defined as IIPYS= f o, mB*meBm—b — (31)
'~ *\
(0lay,b[B*)=e,f5xmes, (28 Note that the contribution of three-particle twist-four opera-
fom2 tors are very small4], and thus we neglect theffig. 1(f)].
(B|Ey5q|0>= B B, (29) From Egs.(26)—(30) we finally get the dimensionless cou-
my pling constanh as

2

My S
+Qb|n_2
mj

my 2 2 2 3mb
faxfgh= ——— (Mg« ~Mg)/2M dse s(UM?)
B* !B

(Qq Qb)(

2012
my/M

_ mamz  ma
—(qq)e”

Qb(l‘wﬂw

2

5| [b1(1/2)— $(1/2)]

+(e MM -So’M>[Qq<qq>{ (1)M2 4 +1mbfgL<1/2>} . @

Ill. NUMERICAL ANALYSIS OF THE SUM RULES and

The main issue concerning E(B2) is the determination
of the dimensionless transition amplitude First, we give a —_ 3
summary of the parameters entering in Bf). The value of (qa)=—(0.24 GeV”.
the magnetic susceptibility of the medium, in the presence of

an external field, was determined|i20,21]: .
L 1 The leptonic decay constantgpy and fg«p+) are known

y(u?=1 Ge\®)=—-4.4 GeV 2. from two-point QCD sum rulesfgp)=0.14(0.17) GeV
[13,22, fg«p*)=0. 16(0 24) GeV[13 23-28%, m,=4.7
If we include the anomalous dimension of the GeV, m,=my=0, m0 (0.8+0.2) Ge\?, Mg+ (p*)
currentqo,gq, which is equal to ¢4/27) at theu=m, =5.324(2.007) GeV, andngp)=5.279(1.864) GeV, and
scale, we get for the continuum threshold we chooﬂ(so) 36 (6)
GeV?,
x(u?=mg)=—-3.4 GeV? The valueg,(u) — ¢,(u) is calculated if11]:
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fo'fah M= M,

o0 fg+ @) —foxi), Qp—Qc,
0.20 é 77777 oo T Sos— Sop - (35)
010 _ Performing similar calculations for the* —D y decay, we

3 get the best stability region fdr as 2<M?<4 GeV?, and

we find
-0.00 E
fpox fpoh=(0.12+0.02 Ge\?,
-0.10 4
fp+«fprh=(—0.04+0.01) Ge\?. (36)

~0.20 7

; The signs of the transition amplitudes g andD " meson
oo ] decays are different in thB-meson case.

Using the transition amplitudd, one can calculate the
decay rates foB* (D*)—B(D)+y, which can be tested ex-
perimentally. For the decay width we get

T
2.00 4.00 6.00 8.00 10.bO WZA‘OO 14.00

M*(GeVv?)

FIG. 2. The dependence of the transition amplitiden the
square of the Borel parametdt?. The solid line corresponds to I'(Bf—Byy)=0.16 keV, (37)
B? and the dashed line B* meson cases.

r(B**—B*y)=0.63 keV, (38
-1
¢1(u)—¢2(u)=?(1—u2). and
I'(D§—Dpy)=14.40 keV, (39
From the asymptotic form of the photon wave function,
given in Eq.(21), we get ['(D™*—=D"y)=1.50 keV. (40)
B(112)=3/2y. (33) In order to compare these theoretical results with experi-

mental data forD-meson decays, we need the theoretical

] ) ) ) values of theD* — D = decay widths. We take these values
Following [17], we will useg, (u)=1, i.e., to the leading fom [13]:

twist accuracy, in the numerical calculations below.

Having fixed the input parameters, it is necessary to find a I'(D**—D%")=32*5 keV, 41
range ofM? for which the sum rule is reliable. The lowest
value of M2, according to the QCD sum rule ideology, is ['(D* "D 7% =15+2 keV, (42
determined by requiring that the power corrections are rea-
sonably small. The upper bound is determined by imposing I'(D* %= Dy7%=22+2 keV. (43
the condition that the continuum and the higher states con-
tributions remain under control. From Egs.(39—(43), for the branching ratioBR'’s), we

In Fig. 2 we presented the dependencéoih M?. From  obtain
this figure it follows that the best stability region foris .
6<M?<12 Ge\?, and, thus we obtain B(Dg—Dgoy)=39%,

+ % + — 10,
faox fgoh=(—0.1=0.02 Ge\?, B(D™*—D"y)=3%. (44)
These results are in agreement with the CLEO da#],
fg++fg+h=(0.2£0.02 Ge\~. (34  which are

o B(D§—Dgy)=(36.4:2.3+3.39 %,
Note that the variation of the threshold value from 36 to 40

GeVZI changes the r_esult by only a few percgnt. We see that B(D**—D"y)=(1.1+1.4+1.6)%.

the sign of the amplitudes f@° andB* are different. This

is due to the fact that the main contributions to the theoretical/\/e see that our predictions on branching ratio are in reason-
part of the sum rules comes from the bare loop, and thple agreement with experimental results.

quark condensate in the external figlast term in Eq(32)].
In theB® (B*) case, both contributions have negatipesi-
tive) signs, and therefore the sign lofis negative(positive.
To get the dimensionless transition amplitude for the decay A part of this work was performed under the TUBITAK-
D* — Dy, itis sufficient to make the following replacements DOPROG program. One of authof3. M. Aliev) thanks
in Eq. (32): TUBITAK for financial support.
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