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We study the radiative pion decay of TT+ --+ e+ v,y in the light-front quark model. We also summarize 
the result in the chiral perturbation theory. The vector and axial-vector hadronic form factors (F v,A) for the 
1T --+ y transition are evaluated in the whole allowed momentum transfer. In terms of these momentum 
dependent form factors, we calculate the decay branching ratio and compare our results with the 
experimental data and other theoretical predictions in the literature. We also constrain the possible size 
of the tensor interaction in the light-front quark model. 
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I. INTRODUCTION 

The light pesudoscalar decays have been playing impor
tant roles of understanding the standard model (SM). In 
particular, the radiative pion decay of 'IT+ --> e+ v.y ( 1Te2y) 
is an interesting process, which can be used to test the 
V - A structure of the weak interaction and search for 
some anomalous interactions beyond the SM. The decay 
consists of two types of contributions, referred as internal
bremsstrahlung (IB) and structure-dependent (SD) in terms 
of the emission of the photons, respectively. The ill con
tribution to the decay amplitude (Mm) is helicity sup
pressed like the 1Te2 decay as the photon radiates from 
the external electron, while the SD one (Ms0 ), depending 
on vector and axial-vector weak hadronic currents, is pro
portional to the electromagnetic coupling constant a but 
free of the helicity suppression. One can parametrize Mso 
by the vector and axial-vector form factors, denote as Fv 
and FA, respectively. 

The decay of 7T+--> e+v.y has been measured with the 
branching ratio of (1.61 ± 0.23) X w-7 for the cuts of 
Ey > 21 MeV and Ee > 70- 0.8Er by the ISTRA experi
ment [1,2]. Recently, a more precise measurement on 
the decay branching ratio has been given by the 
PIBETA Collaboration [3,4], with the decay branching 
ratios in various kinematic regions. In particular, for the 
cuts of E.> 0.5 MeV and Ey > 10 MeV with the relative 
angle Bey> 40°, the decay branching ratio is (73.86 ± 
0.54) X w-s [4]. The new ongoing PEN experiment at 
Paul Scherrer Institute will at least double the PIBETA data 
set [5], resulting in further improvements in precision [6]. 
In addition, there is another ongoing new experiment, 
PIENU, at TRIUMF [7] with a similar sensitivity as the 
PEN experiment. 

Theoretical calculations on F v.A as well as the decay 
branching ratio in the SM have been done in various QCD 
models [8-14]. In particular, the decay branching ratio with 
the same cuts as those by ISTRA [1,2] and PIBETA [4] is 
found to be 2.55 X 10-7 and 76.66 X 10-8 in the chiral 
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perturbation theory (ChPT) at O(p6) [15-17], which are 
larger tha11 the data shown above, respectively. As a result, it 
may be necessary to consider some new types of interac
tions, such as tensor (T) interactions [I ,8-12]. It is clear that 
these tensor interactions are undoubtedly signals of new 
physics. On the other hand, it is important if we can obtain 
information on F v,A in some QCD models other than the 
ChPT. For this purpose, in this study we will evaluate F v,A 

in the light-frontquarkmodel (LFQM) [18,19]. We will use 
the form factors in both ChPT and LFQM to examine the 
decay of 'IT+- e+ve'Y· In addition, we will examine the 
new physics effect due to the tensor interactions. 

This paper is organized as follows. In Sec. II, we sum
•marize the form factors in the 7T --> y transition within the 
ChPT and LFQM. In Sec. III, we calculate the decay 
branching ratio of 'IT+ --> e + v e y in these models. We 
also compare our results with the experimental data and 
other theoretical predictions in the literature. We give our 
conclusions in Sec. IV. 

II. THE FORM FACTORS 

A. Vector and axial-vector form factors 

The decay amplitude for 7T+ --> e+ v.y can be written as 
[20,21] 

M=Mm +Mso. 

Mm = ie Jz Vudf 1TmeE~u(p.)(l - Ys) 

X ( pl./; - 2P~ + qyJJ.)v(pv), 
p'IT. q 2p •. q 

G 
Mso = -i ~ VudE~U(Peha(l- Ys)v(pv) 

X [e FA (-gf.Lap1T. q + p':;.qa) 
m1T 

+ . Fv uat>A ] 
ze-E~ "' q/Jp1TA , 

m1T 
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