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involves a determination of the Mellin moments of the
LCDA [3, 4]. These are defined by

h⇠niµ2 =

Z 1
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d⇠ ⇠n�(⇠, µ2), (3)

where ⇠ = 2x� 1 and x is the momentum fraction of the
collinear quark anti-quark pair. Noting again the isospin
symmetry x $ (1�x) we see that only the even moments
may be non-zero for the pion. These moments may be
related to local matrix elements which are immediately
amenable to a lattice calculation. It is possible to write
the full distribution amplitude with the knowledge of the
Mellin moments alone:
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Unfortunately, the breaking of the full rotation group
on the lattice leads to operator mixing and thus power
divergences appear in twist-2 operators with spin higher
than four [5]. These power divergences make the determi-
nation of the higher moments more di�cult. Neverthe-
less, this approach has been well studied and has yielded
results for the first non-trivial moment of the pion and
kaon [6, 7]. A number of other proposals in the literature
seek to overcome this di�culty [8–28].

While much good work has been done in the extrac-
tion of the pion LCDA, it is clear that more must still
be done to acquire precise predictions of this object.
With this view, it is clearly of interest to explore other
proposals for the calculation of the distribution ampli-
tude. One such approach, which we pursue in this work
is the so-called heavy quark operator product expansion
(HOPE) [29, 30]. The HOPE method builds on the con-
ventional operator product expansion (OPE) approach,
by performing the numerical simulation with a fictitious
heavy quark species, which leads to a number of advan-
tages over the standard treatment [29]. This method al-
lows the extraction of the Mellin moments of the LCDA,
and thus in principle allows the reconstruction of the am-
plitude within a wide range of x. In this paper, we dis-
cuss the application of the HOPE method to the pion’s
LCDA. In particular, we discuss kinematic choices which
lead to an e�cient extraction of the second Mellin mo-
ment, and discuss the resulting preliminary extraction of
the second Mellin moment.

II. SUMMARY OF THE CALCULATION

The HOPE method is a multi-step procedure. Thus,
before beginning our discussion of the kinematics used
and the numerical study we performed, we provide an
overview of the calculation. The starting point of this
work is a study of the anti-symmetric version of the ma-

trix element in Minkowski space,

Tµ⌫(p, q) =

Z
d4z eiq·z h0| T [Jµ
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given by
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where the axial-vector current is replaced by the heavy-
light flavour changing current:

Jµ
A =  ̄�µ�5 +  ̄�µ�5 , (7)

with  being the light quark field, and  being the heavy
quark field. We note that it is also possible to study the
LCDA Mellin moments using the corresponding heavy-
light vector current. By applying the OPE to the above
matrix element, we can show [30] that to leading twist,
the antisymmetric tensor Uµ⌫(p, q) may be written in the
isospin limit as1
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where f⇡ ⇡ 0.132 GeV is the pion decay constant, Q̃, ⌘
and ⇣ are kinematic variables given by

Q̃2 = �q2 �m2
 , (9)
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p · qp
p2q2

, (10)
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C(n)
W are the Wilson coe�cients, and C

2
n(⌘) are the Gegen-

bauer polynomials, which arise as a result of resumming
target mass e↵ects [31, 32].
In order to accurately extract the Mellin moments, one

needs to determine the Wilson coe�cients beyond zeroth
order. Since these Wilson coe�cients only account for
the ultraviolet e↵ects of QCD, they may be calculated
using perturbation theory. The Wilson coe�cients may
be written

C(n)
W (Q̃2) = 1 + ↵sc

(1)
n + . . . . (12)

1
Note that Ref. [30], uses a normalization for the Mellin mo-

ments which di↵ers by a factor of 2
n
from our convention. Ours

agrees with the ‘standard’ normalization which allows us to di-

rectly compare our result with other determinations of the second

Mellin moment.


