RAPID COMMUNICATIONS

PHYSICAL REVIEW D VOLUME 56, NUMBER 5 1 SEPTEMBER 1997

Color-octet intrinsic charm in ' and B— »’'X decays

Feng Yuan
Department of Physics, Peking University, Beijing 100871, People’s Republic of China

Kuang-Ta Chao
China Center of Advanced Science and Technology (World Laboratory), Beijing 100080, People’s Republic of China
and Department of Physics, Peking University, Beijing 100871, People’s Republic of China
(Received 9 June 1997

The color-octet mechanism for the decBy- 7' X is proposed to explain the large branching ratio of
B(B— 5'X)~1x 103 recently announced by CLEO. We argue that the inclugiv@roduction inB decays
may dominantly come from the Cabibbo-favorbé-(cc)gs process where thec pair is in a color-octet
configuration, and followed by the nonperturbative transition)g— 7’ X. The color-octet intrinsic charm
component in the higher Fock states»gfis crucial and is induced by the strong couplingsgfto gluons via
the QCD axial anomaly.S0556-282(97)50417-9

PACS numbgs): 13.25.Hw, 12.38.Lg, 14.40.Nd

Recently CLEO has reportdd] a very large branching approach{1) the mixed decay constalhf,) suggested ifi2]
ratio for the inclusive production of’ in the B meson de- may be too large;(2) the color-singlet matrix element

cay: |{mc[cy,vsc|0)| used in[2] may also be too large.
To see these, we write the axial anomaly relation for the
B(B—7'X;2.2 Ge\ E, <27 GeV charm quark,
=(7.5£1.5+1.1) X 10 4. (1)
_ N ag ~
If " is regarded as a pure §8) singlet meson made af, Iu(CYuYsC) =2IMCysC+ 7—G Gy, 2

d, ands quarks, the procesB— '+ X is Cabibbo sup-

pressed by the factdr,,. The conventional estimate of the and define

branching ratio for this Cabibbo-suppressed process is of or-

der of 10°® [2], which is over two orders of magnitude

smaller than the experimental result. To explain the large <0|C—7M’5C|7I'(p)>:if(cf)pw ©)
branching ratio ofB(B— »' +X), some suggestions have K

been madg2,3]. The authors of3] give arguments for the e : i
need of enhancb—sg* decays followed byg* — 7'g. In If the charm quark is infinitely heavy, the mixed decay con

(c) ; . .
the latter step,g*—7'g is controlled by the effective stantfn, should vanish. In the physical world, as argued in

n’-g-g coupling via the QCD anomalf4]. The authors of [5], the nonvanishing‘(;,) is due to the existence of thee
[2] suggest that it is the very strong coupling betwegrand ~ component in the physicaj’ wave function, and then
the color-singlet axial vector current of the charm quark that
makes the dominant contribution to the largé production
rate in the Cabibbo-favored process-ccs.

In this paper, we will discuss another possibility. Utilizing
the unique feature of’, i.e., its strong coupling to gluons where)\,?,ﬂc is the mixing anglgin radian betweenzn’ and
through QCD axial anomaly, and the large coefficient for the,, andf, the decay constant of.. Based on the axial
color-octetcc current in theb—ccs process, we will argue anomaly a;d the gluonic matrix element f, the mixing
that the production of;" in B decays may dominantly come angle) ., has been estimated to B8] '
from the Cabibbo-favoreti— (cc)gs process wherec pair K
is in a color-octet configuration followed by the color-octet
C_L pair nonperturbatively evolving into ' via N, ~1.2x10°2. (5)
(cc)g— n' + X due to the color-octet hidden charm compo- 7 e

nent in the higher Fock states g@f. The essential point of i o
our argument is that due to the strong coupling of gluons tdt réproduces the experimental value I6{J/¢— y7') via

the ' there should be an appreciable color-octa)g com- 1 (3/¢—y7c) and#’ -7, mixing, and is also consistent with

ponent mixed into the higher Fock statesgf most quark model galcula‘uons{see, e.g.,[6]). With
Before discussing this possibility, let us first recall the f7,~400 MeV[2], we find

suggestion off2], where a large magnitude of the color-

singlet “intrinsic charm” of ' is of critical importance. In

our opinion, however, there could be two problems in this

=0\, 50, e

e

f0<f, ~f,~130 MeV (6)
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(see Ref[7]), wheref , is the flavor SW3)-singlet decay
constant of thep’. Including the mixing ofy’ with othercc
states liken;,7; ..., will enhancefﬁf,) . As a safe estimate,
we would expect

N r_(c—c)%(Z—lQ%,

n

@)

and thenf(77°,)<40 MeV, where\ ,, _ (¢ is the total mixed
amplitude of thecc component iny’. In any case, we think
thatf(77°,)=140 MeV, as suggested (2], is too large. Also,
even withf(nc,)=40 MeV, we still havef(;kf,], , and there-
fore in our estimat¢5] the relation

_ o ~
2iM(O[cyse|n')~ = 7—(0[G,.Guln’)  (®
should be a fairly good and self-consistent approximation.

The second problem if2] is the overestimate of the
color-singlet matrix elemenf0[cy,, ysc|7c)|, which is re-
lated to[(0[cy,c|I/y)|. The latter is determined if2] by
exhausting the experimental valuelofB— J/ ¢+ X). How-

ever, it is well known that at the lowest order the color-
singlet part ofb— ccs process only contributes one third of

the decay widthl'(B— J/+X) measured by CLE®8,9].
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account for the main part o/« production inB decays.
Encouraged by the success of the color-octet mechanism in
the explanation ofl/ s production inB decays, we conjec-
ture that the color-octet contribution may also explain the
large branching ratio ofy’ production inB decays. To see
the importance of the color-octet component in the Cabibbo-
favored procesd®—ccs, we write explicitly the effective
Hamiltonian of nonleptoni® decayd 8],

Gr
Hef= — 5Vcbv’c¥s 3

2C,—C___ _
— 5 Cy,(1—-ys5)csy,(1—ys)b

+(C+Co)cyu(1-ys)Toesy*(1-y5) T, (10)

where G is the Fermi constant andj;’s are Kobayashi-
Maskawa matrix elements. The coefficiets andC_ are
Wilson coefficients at the scale pf=M,,. To leading order
of ag(My) and to all orders ofrs(My)In(My, /M), they are

C.(Mp)~[as(Mp)/ag(My)]~*%, (11)

C_(Mp)=[as(Mp)/ag(My)]*?% (12

The situation does not get better even if the next-to-leading

order (NLO) corrections inag are included in the nonlep-
tonic effective weak Hamiltonian foB decays[10]. If the

NLO results are used, even with the large value ofoctet term. Numerically,

(=140 MeV, the estimated results gf production inB
decays in2] will become

B(b—(cc);+X;(cc);— 5')=0.12<0.6x 0.9x 1073
=0.065<10"3, (9)

which is much smaller than the experimental result @g.

In this effective Hamiltonian equatiof10), the first term is
the color-singlet term, while the second term is the color-
taking #g(My)=0.116 and
as(My)=0.20, the coefficients in front of the two terms are
then

(13

Cg=C,+C_=22. (14)

Because of the two problems mentioned above, the color-

singlet intrinsic charm mechanism suggestefiZhmay en-
counter difficulties in explaining the largg’ production rate

The coefficient of the color-octet term is over 16 times larger
than that of the color-singlet term. So the color-octet contri-

in B decays. We therefore consider another approach, i.ebutions to the decay width d meson in theb—ccs pro-

the color-octet intrinsic charm of thg’. Our suggestion is
motivated by two physical aspectél) the color-octet pro-
duction for charmonium irb—ccs process;(2) the appre-

cess will have a factor of 280 (the ratio ofCg/C, squared
enhancement compared to the color-singlet contributions.
This color-octeb— ccs process may provide an explanation

ciable color-octet intrinsic charm component in the higherfor the n, and By (the semileptonic decay branching ratio

Fock states ofy’.

We now come to the production of color-octet compo-

of the B meson problems inB decayg13]. o
For ' production, by including the intermediated)g

nents. It is known that based on the nonrelativistic QCDcontributions in the process—ccs— 7’ + X, one might ex-

(NRQCD ) factorization formalisnj11] the theoretical inves-

plain the large branching ratio. The color-octet contributions

tigations[8,12] show that the color-octet contributions might come from the following process

b—(cc)[°S®]s; and

nonperturbativelycc)[3S®]— ' + X.

(15

Here, the intermediatec pair is in a color-octe®S; configuration, which comes from the hidden charm component in the

higher Fock states of’. To realize the ¢c)g transition intoz’,

states ofyp’. We write the Fock state expansion as

|7y =Wl (NN) 1) + Yol (MN)gg) + Woggl (CO)[3SP1g) + - + Vel (co) )+

one must introduce the hidden charm component in the Fock

(16)
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_(0g Csylee)) PS(y)
(0§(3S,[cc])) PS(¥)
XT'(B—(co)[3S21+X— I/ y+ X)

Sl
ol

(0 (°sylcc))) 8M2) .
=N (C,+C )2 1+ To,
2M? * M2 )0
(18
n
c
n c . G2 4M2 MZ
_ 2| _—F Jnm3 _ c T
To=|Vey| (144W)Mch<1 Vﬁ_) 1 il
(19
() Here, PS(%’) and P(y) are the phase space factors of

processed— n’' + X and b—J/ ¢+ X, respectively. In Eq.

FIG. 1. Hidden charm mixing in_7’ for (a) the color-singletcc (18), the notation((Og/("‘Sl[R])) is the long distance non-

pair and for(b) the color-octetc pair plus a gluon. perturbative matrix element which represents the probability
o of the (cc)[3S{®)] evolving into '. To account for the ex-

where|(nn),)= (1#/3) | (uu+dd+ss),) is the color-singlet ~perimental measuremeB(B— 7’ X)~1x 10", the matrix
and SU3) flavor-singlet state, which is the leading part eIement((’)g"(Ssl[E])) must be taken as 6:410" 2 Ge\f,
of the »’ wave function(for convenience we neglect the which is three times smaller than the color-octet matrix ele-
n-7n' mixing). The mixing of charm iny’ can be understood ment((’)g"’(381[§])> used in[12].
by the transitions ¢c);—two gluons—(nn); and For theJ/y, the Fock state expansigfil]
(cc)g—one gluon—(nn)g, as shown in Figs. (& and

1(b), respectively. A naive counting rule for the quark-gluon
vertex might indicate |3/4)=0(1)|cc(®S;,1)) +O(v)|cc(*Py/ ,8)g)

+0(v?)|cc(®S,,8 or 1ygg)+---

[P cegl>Pedl, (17)  indicates the3S; color-octetcc component in the higher
Fock states o8/ is of orderO(v2)~0(10°1), wherev is
the charm quark velocity in the charmonium. On the other
because the former has fewer vertex and then is less Okub@and,®S; color-octetcc component in the higher Fock states
Zweig-lizuka suppressed than the latter. If this naive arguof ' should be of ordefsee Eq(17)]
ment makes sense, the’ will have more color-octetc
component than color-singlec component. Then, because
the short distance coefficieriWilson coefficient of the
color-octet contributions is over 16 times larger than that of L, .
the color-singlet contributions, the former may dominate®S indicated byA ey =(2-10)x10"“ in Eq. (7). This
over the latter in the process—ccs with cc— 7’ X. may imply that due to QCD axial anomaly thg strongly
We follow the calculations od/ production inB decays ~ COUPles to gluons and then mixes substantially Wittt)sg)
[8,17] to estimate the production rate gf in B decays via and|(cc);) Fock states via intermediate glu_ons. Therefore,
cc transitionst The color-singlet contribution has been esti- the color-octetcc matrix element for they' is not much
mated before in Eq9). For the color-octet contribution, the Smaller than the color-octec matrix element for thel/y.
calculation is simple, and the result is This means that the obtained value {@7 (3S,[cc])) by
fitting the »’' data can be understood on the basis of QCD
anomaly.
it should be noted that in the process» ccs— 5’ X, thece pair T? _conclude, in or_de_r to explain the large production rate
is off shell, for which the NRQCD formalism is no longer valid. of 7 In B de_CﬁYS W'th'n the Standard model, the prOpOS?d
However, as a rough estimate, we may comparesthproduction ~ color-singlet intrinsic charm mechanism may encounter dif-
rate in B decays with that of)/y by employing the NRQCD ficulties. Therefore, we argue that the inclusie produc-
method with the superficially extended definition for the matrix tion in B decays may dominantly come from the Cabibbo
elements for off-shell quarks, and then conclude that the excess dfivoredb— (cc)gs process wherec pair is in a color-octet
7' production inB decays may be understood by including the configuration, and followed by the nonperturbative transition
color-octet mechanism. (cc)g— n' X. The color-octet intrinsic charm component in

O(Veg) >0 (V) =(2-10X 10 2, (20)
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strong coupling ofn’ to gluons via QCD axial anomaly. Science Foundation of China, the State Education Commis-
Further investigations will be made to examine this mechasion of China, and the State Commission of Science and

nism. Technology of China.

[1] P. Kim, talk at FCNC97, Santa Monica, California, 19@in- [7] Particle Data Group, R. M. Barnett al, Phys. Rev. D64, 1
published; and talks by J. Alexander and B. Behrens at (1996.
BCONF97, Honolulu, Hawaii, 199@npublishedl [8] G. T. Bodwin, E. Braaten, T. C. Yuan, and G. P. Lepage, Phys.

[2] I. Halperin and A. Zhitnitsky, hep-ph/9705251. Rev. D46, R3703(1992.

[3] D. Atwood and A. Soni, hep-ph/9704357; W. S. Hou and B. [9] CLEO Collaboration, R. Balegt al., Phys. Rev. 062, 2661
Tseng, hep-ph/9705304. (1995.

[4] E. Witten, Nucl. PhysB156, 269(1979; G. Venezianojbid. [10] L. Bergstran and P. Ernstim, Phys. Lett. B328, 153 (1994);
B159, 213(1979. J. M. Soares and T. Torma, Phys. Rev58 1632(1997).

[5] K. T. Chao, Nucl. PhysB317, 597 (1989; B335, 101(1990; [11] G. T. Bodwin, E. Braaten, and G. P. Lepage, Phys. Re§1D
see also K. T. Chao, Phys. Rev.39, 1353(1989. 1125(1995.

[6] S. Godfrey and N. Isgur, Phys. Rev.32, 189(1985; 34, 899 [12] P. Ko, J. Lee, and H. S. Song, Phys. Rev5®) 1409(1996.
(1986. [13] I. Dunietzet al,, hep-ph/9612421.



