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Pesudoscalar transition form factors within the light-front quark model 
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We study the transition form factors of the pesudoscalar mesons (rr, 1J, and 1J') as functions of the momentum 
transfer Q2 within the light-front quark model. We compare our results with the recent experimental data by 
CELLO, CLEO, BaBar and Belle collaborations. By considering the possible uncertainties from the quark 
masses, we illustrate that our predicted form factors can fit with all the data, including those at the large Q2 

regions. 
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Recently, the Belle Collaboration [I] published its data 
on the transition form factor (Fny) of rr0 ~ y*y, previously 
measured by BaBar [2], CLEO [3], and CELLO [4] collabora
tions. However, for the momentum transfer Q2 above 10 Ge V2 

the new data by Belle seem to be much lower than those 
by BaBar. As a result, the argument for the violation of the 
QCD asymptotic limit [5] is weakened despite the extensive 
theoretical studies in the literature [6-30]. 

with 

1 d<PQQ(x, k]) 
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In addition, following the pion data [2], the transition form 
factors [F(M'Jy(Q2)] of.,, 11' ~ y*y have been reported by 
the BaBar Collaboration [31] for Q2 up to about 35 GeV2 . 

Many theoretical works on the 11(1) transition form factors 
have been also done [32-42] and the results are in agreement 
with the data by BaBar [31]. In particular, some of the 
studies have also tried to combined the analyses on the 
three pseudoscalar mesons of rr0 , .,, and 11(1) to fit all data 
simultaneously. 

·where Nc = 3 is the number of colors, eQ = 2/3( -1/3) for 
Q = u(d, s), mQ is the quark mass, and <PQQ(x, ki} is the 
meson wave function, defined by 

Motivated by the Belle data, in this Brief Report we 
reexamine the transition form factor of the pion along with 
those of 11 and 'f/

1 within the light-front quark model (LFQM) 
by including uncertainties of quark masses to check if we 
can accommodate all the data. Similar studies in other QCD 
models have been performed recently in Refs. [43-47]. 

We will use the phenomenological light-front (LF) me
son wave function [48,49] to evaluate Q2 1F~<·J(Q2)i in all 
allowed kinematic regions. The LF wave function can be 
constructed by the simple structure of the meson constituent 
in terms of a quark-antiquark (QQ) pair [49]. The decay 
amplitude of QQ ~ y*y* with Lorentz structure is given 
by [50] 

A(QQ(P) ~ y*(ql, E!)y*(qz, E2)) 

(1) 

where FQQ(qf, qi) is a symmetric function under the 
interchange of q~ and qi, which can be found to 
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(4) 

where 

(5) 

(6) 

with N = 4(rr/w~Q)i, k = (k.L,kz), kz = (x + 1/2)Mo, and 
wQQ the parameter related to the physical size of the 
pseudoscalar meson (P = L QQ) in the wave function. If 
q 1 or q2 is on mass shell, the form factor of QQ ~ y*y can 
be written as 

FQQ->y•y(Q
2

, 0) 

= _
4 

{N;f dxd2k.L e~<PQQ(x,ki.) 
Y 3. 2(2rr)3 1- x 

x{ mQ+(1-x)mQkiG _ mQ+(1-x)mQkiG} 

x(l-x)Q2 -m~-ki m~+ki ' 

(7) 

where Q2 = qf or qi is the momentum transfer. From Eq. (7), 
by summing up the relevant Pock states we obtain the transition 
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