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n'-g* -g transition form factor with gluon content contribution tested
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We study they'-g* -g transition form factor by using the’ wave function constrained by the experimental
data on then’-y*-y transition form factor provided by CLEO and L3 . We also take into account the
contribution of the possible gluonic content of thé meson.

PACS numbsd(s): 12.38.Bx

The large branching ratios &— 7' X andB— 'K de- In this work we use the wave function af' to calculate
tected by CLE([1,2] enhanced the importance of the QCD the »'-g*-g transition form factorF 4+, at the large mo-
transition form faCtOFﬁ:n/g*gEH(qi,qf,mi/)- The mecha- Mmentum transfer regio@?=1 Ge\2. We not only take into
nisms using this transition form factor to explain these largeccount the quark content of' but also test how much the
decay rates are based on the-sg* penguin transition fol-  9lUonic content contributes.
lowed by the decay* — 7’'g [3—8] or on the transitions In the 1A2|uu+dd) and |ss) mixing scheme[16] the
g*g*, g*g— 7' [9,10]. The transition form factor§ g« parton Fock state decomposition can be expressed as
being used are either extracted from the experimental data of , , , ,

. ; = + +
y—n'v [3,9,10, or based on phenomenological consider- |77 S|n¢|nq) cos¢|ns)+|G), @)

ation[4,8], or calculated by assuming pseudoscalar coupling, hare  is the mixin / —
) . ; g angle, and.)~1/y2|uu+dd),
betweenn’ and a quark paif5]. Thus a question arises: | , — 4 ,
o a pat) ; [7)~159). [G)~|gg). In Eq. (1) | 7) and|n.) are quark

What is the relation between the form factey, 4+, used in Fork stat i< the aluonic Fock statéG) and| s’
the above references and the wave functiom&? Provided | O S'&t€s: an() is the gluonic 0ck's ateG) and|ng),
|7¢) are not independent. Becausg,) and|7.) are non-

that the form factors$-,, 5+, used in these references are not

the same, which one can be gotten from the calculation baseir/{/fi‘t\;]ott]%c:\i/té-twﬁoivsilggéor:nolf?g[]f% mz\/:vgljgt?ct)lr?ne V‘Sgﬁrgr']x
on the structure ofp’? Thus studying the QCD transition 9 ' - lon eq

form factorF 4 4 is not only important in investigating the Lor thz w_avg fugctio_ns (f)f the mixri1ngq Snd 99 Istalte r:jas .
dynamics of#’ production fromB decays, but also in de- e;cen ‘?”V? -tr € elgfer; urtn)ctpns av% eenca CL;.a(tje - After
tecting the structure of’, a few simple steps of algebraic procedures, one finds

The »' meson is particularly different from the flavor VA2, %)= f; % 2 ),
octet mesonsr, K. It is mainly a singlet meson. According to
the QCD anomaly it is much heavier than the massless Glod-
stone bosoffll]. Because of its singlet structure the me- d)q(,uz,x)=6x(1—x)[ 1+
son may have gluonic content. Since two decades ago its n=2.4
gluonic structure has been studied in QCD sum riileX.
Recently the experimental data on they* y transition form
factor from CLEO[13] and L3[14] pushed forward the de- +piBal — -
velopment of the investigations of the quark structurepof ars(p
[15]. A new qg—ss (here gqq meansuu and dd) mixing WO u2,x) = f; 9 w2,X)
scheme was developéfl6]. The calculation based on thg s ' o
wave function successfully describes the experimental data {

n
as(ﬂg) I

a’s(,u,z)

on then'y* y transition form factor over a wide range of the 4 > . _ 1—
virtual photon momentum squared, 1 GeMQ? P X)=xX(1=x)
<15 Ge\?. Here the momentum squared of the virtual
gluon in the production of;’ from B decay can vary from
1 Ge\? to 25 GeV. Is the situation ing*g— 7’ or g* +BY
— n'g transition similar to they* y— »’ transition? Maybe
not because of the particular QCD structurenof The QCD . . . Y
anomaly and gluonFi)c content in thg’ may gfgy important Y‘vhere”the superscripty and g indicate the “quark™ and
role in the 7'-g*-g transition. The QCD axial anomaly de- g_luor? conten.t,l denotes the meson state composed of the
termines the behavior of the’-g* -g transition form factor 94 pair, andf; is the decay constant of the relevent meson
at small momentum transfer, i.e., in the soft liit—0. In  state ofqq. The parametex is the momentum fraction car-
the rangeQ?=1 Ge\? gluonic content ofy’ may have ried by the parton. Herg is the scale of the hard process,
some contributions, which will make difference between thewhich may be taken to be the momentum transger in-
n'-g*-g transition andy’-y* -y transition. volved in the hard process/}, y", p2, p{ are not free
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g The indicesa andb are SU(3) generator indices. Calculat-
ing the Feynman graphs shown in Figs. 1 and 2, we can
NG B obtain
!
n Fn’g*g(qi:Qzlquoimir)
@ /7 (1=x)p =47 ay(Q?)(cyfgSin g+ csf COSP)
’ x{ N @z
— X X
FIG. 1. The quark content contribution to thég* g transition. 2N Jo (x2=x)p*+(1-x)q3

parameters; they are given in the Appendi¥? andC> are
Gegenbauer polynomialg, is the reference scale and we
takeuy=0.5 GeV in our calculation. Because of the general
symmetry properties of the wave functions of the two-

particle bound state of a neutral pseudoscalar meson, the } (6)
quark wave function satisfieg%(x) = ¢9(1—x), and for the

gluon function®9(x) = — ¢9(1—x).

The diagrams of thep’-g*-g transition amplitude are The decay constant,, fs and the mixing anglep have
shown in Figs. 1 and 2. Note that we do not include thebeen constrained from the avialable experimental
diagrams withs-channel gluon exchange between tg =(1.07£0.02)f ., f=(1.34+0.06),, ¢=39.+1.
and qa (gg) here, because they are color suppressed in th@_6] ;I'he free gara;meters exist in the evolut(;on fungct|ons
case tha’qa (gg) will hadronize into mesons. According to $9(Q” x) and¢%(Q° x) [see Eq/(2)]. They areB; andBy

the symmetry propertis of the gluon wave function, it is eas- n=24,.... The fit to theexperimental data Of they"-y

q 2
ily found that Fig. Zc) does not contribute to this amplitude. trans;tlgnﬁform f}ector ihows thap™(Q fx) should n60t tl)e
The contribution of the quark wave function to the Much different from the asymptotic formpas(x)=6x(
7'-g*-g vertex(see Fig. 1is —X), i.e., the parameter8] and p?B? should be small

enough p? are not free parameters, see the Appendike
) parameters'} andy" are negative and their absolute values
Ti= CJ dX ¢q(Q X)TrlyspTi], increase witm. Consequently it is a good approximation to
consider only the first one or two terms in the expansion of
(3 thewave functionp?(Q2,x) and ¢9(Q?,x). In this work we
only take into account the first term in the expansion of the

whereN is the color numberT? is the hard amplitude of the Wave functions. We keefB3| and|p3B3|<0.1 in order to
quark parton contributiorc,= 2, c,=1, f, andf are the keep the constriant of the %xpenment data of i,ﬁgey tran-
decay constant ofy; and 7, , respectively. The gluon wave Sition form factor. Becausg;=—0.05, we takgB3|<2.0.
function contribution is(Fig. 2) If we adopt the constraint8J|<0.1, |BJ|<2.0, we find
that the contribution of the gluon wave function is very
1 small, it can be neglected. Because the gluonic contribution
T9=cf dX_ $%(Q%x)-ie“Proq,l p(T8)hss (4 is so small, the dominant contribution comes from the
asymptotic quark wave function. The dependence of the

hereq=(p+0,)/Q, | = (p—0,)/Q, andQ?=q2. Q2 can be QCD transition form factoF 4«4 on the free parameteBs

+[X—=(1—Xx)]

1 1
- 902
Zszodxqs (Q%x)

y [1+x(1—x)]p?—xq?
(X2=x)p?+(1-x)q?

+[xX—=(1-Xx)]

c=cq4fysing+csfscose,

chosen as the evolution scale of the wave functions. and B is extremely weak. As an example, we present the
The »'g*g transition form fatorF 4«4 can be defined functional form of F,,g«y with B3=0, B3=2.0 in Fig. 3.
through We can see from the figure, after taking into account the
gluonic wave function, the total result is not different greatly
Tq+T9:Fn,g*g(qizQ2,q§:O,mi/)b‘abgaﬁwaaqzﬁ_ from th_e quark wave function contribu_tion. o
(5) In Fig. 4 we compare our resu(solid curve in Fig. 4

with what were used in the literatur@) in Refs.[5,9,10 the

n' gluon transition form factor is taken as
H(O, Om )/(q /m? o -1), whereH(0,0mf?,) is a phenom-
enonolglcal parameter which should be extracted from the
branching ratio ofy— 7'y, H(0,0mf],)wl.B GeV'! (see
the dashed curve in Fig)A(ii) in Refs.[4,8] the form factor

®) () is taken asy3ag(Q?)/(wf,) (see the dot-dashed curve in
FIG. 2. The gluonic content contribution to thgg*g transi- ~ Fig- 4). Our result is very close to 1.8 Ge‘\]//(qzlm '
tion. —1). If we takeH (0, Om )=1.7 GeV!, the curveis even
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FIG. 3. The QCD transition form factd¥, ,« QZ,O,mZ, . The
7°9%9g n

dot-dashed curve is the contribution of the quark wave function, the FIC_;. 4 The co_mpanson_d’f 7'g*g V_Vh'Ch we obtain with others
dashed curve is the gluonic contributioB3=0, BI=2.0), and the used in literature(i) The solid curve is the result calculated based
A~ V, bp—<4&.V),

solid one is the total contribution on the »' wave function; (ii) the dashed curve is for
H(0,0m’)/(g%/m?,—1) with H(0,0m’,)=1.8 GeV*; (i) the

H 2
closer to our result. In Ref§3,5,9,1q the branching fraction dot-dashed one ig3a5(Q?)/(f ).

of y— n' v is needed to extracted the parameieeo,Omi,); .
Ce 2

here we do not need to extract the paramdeiéf),o,mf],). o, ==F _1_42 E (A2)
The structure ofy’ can determine the behavior of the form @9 g [(n+1)(n+2) =i’

factor F,/g+q completely. It is also possible to calculate

F ., g+ g+ Dy using the same method. Certainly a large numbe(NhereCF: 4 B=(1IN—2n)/3, N is the number of color,

of experiments such gsp— #'X, pp7’, etc., are needed to n; is the number of the active quarks:
test the behavior of the'-gluon transition form factor. The

behavior of then'-gluon transition form factor is not only

important in investigating the dynamics of’ production n i 2 (A3)
from B decays, but also in determining the structureznof 9% B (n+1)(n+2)’
Thus such kinds of experiments are urgently needed.
The summary: we calculated the QCD transition form fac-
2 2 . . , Ce n(n+3)
tor F,/ qxq(Q%,0m”,) by using the wave function ofy n— -~ __ - (A4)
T T o : Y 8 (nt1)(n+2)’
which is abtained by solving the evolution equatjdid]. We
included the gluonic wave function in our calculation. We
find within the possible free parameter region, the gluonic 4N 2 ntl40q Ny
contribution is small, and the QCD transition form factor 0 =—1{ ——— > ~ - — "} (A5)
F ., g+¢ does not depend on the free parameters greatly. 9 B |(n+1)(n+2) =) 12 6N
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APPENDIX Pﬁ%, Qn=——"r, (AB)
Y+~ V- Y+ V-
The parameterg” andp, in Eq. (2):
1 o L1 Qn a_<Pn
’er::E{ygq—’_ yggi \/(’yzq_ 'ygg)2+478q78g}1 (Al) pn__g l—Pn’ pn_GQ_n' (A7)
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