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Axial vector form factor of nucleons in a light-cone diquark model
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The nucleon axial vector form factor is investigated in a light-cone quark spectator diquark model, in which
Melosh rotations are applied to both the quark and vector diquark. This model gives a very good description of
available experimental data and the results have very little dependence on the parameters of the model. The
relation between the nucleon axial constant and the anomalous magnetic moment of nucleons is also discussed.
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Since the momenta of quarks within a hadron are of
same order as the masses of quarks, fully relativistic qu
models are required in order to describe hadron transi
processes. The light-cone quantization provides such a f
relativistic treatment with many unique properties@1#. It is
well known that the matrix elements of local operators su
as the electromagnetic and weak currents have exact re
sentation in terms of light-cone wave functions of Fo
states@2#. If one chooses the special frame@3# q150 for the
spacelike momentum transfer and takes the matrix elem
of plus components of currents, the contribution from p
creation or annihilation is forbidden and the matrix eleme
of spacelike currents can be expressed as overlaps of l
cone wave functions with the same number of Fock const
ents. Therefore, the light-cone frame is well suited for
description of electromagnetic and weak transition proces

In previous papers, a light-cone quark spectator diqu
model was proposed in order to investigate the nucleon
problem@4–6#. This model is based on the assumption th
deep inelastic scattering is well described by the impu
approximation picture of the quark-parton model@7#, in
which the incident lepton scatters incoherently off a quark
the nucleon, with the remaining nucleon constituents trea
as quasiparticle spectators to provide the remaining nuc
quantum number. In fact, in the quark spectator diqu
form, some nonperturbative effects between the two spe
tor quarks or other nonperturbative gluon effects in
nucleon can be effectively taken into account by the mas
the diquark spectator. After taking into account Melosh ro
tion effects, this model is in good agreement with experim
tal data of polarized deep inelastic scattering, and the m
difference between the scalar and vector spectators re
duces the up and down valence quark asymmetry@4–6#.

Recently, based on the impulse approximation, this mo
was extended to study the electromagnetic form factors
nucleons and the results agree with experiment@8#. After
applying Melosh rotations to both quark and spectator ve
diquark, the difference between the scalar and vector
quarks breaks the SU(6) symmetry of nucleon wave fu
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tions and reproduces the correct electromagnetic nuc
properties, especially in the case of the neutron. It is nat
to extend the light-cone quark diquark model to study ot
transition processes, such as the nucleon axial decay tra
tion process which is important in the study of the structu
of nucleons@9#. This is clearly a nontrivial extension, sinc
we are going now into the weak interactions domain.

The nucleon axial vector form factorGA(Q2) is defined
by

^P8,S8uAa
m~0!uP,S&5ū~P8,S8!FGA~Q2!gm

1GP~Q2!
qm

2M Gg5

ta

2
u~P,S!, ~1!

whereAa
m(0) is the axial vector current,qm5(P82P)m is

four-momentum transfer,Q252q2, u(P,S) is the nucleon
spinor, andta is the isospin matrix with the Cartesian inde
a. In the light-cone frame, the plus component of the ax
vector current reads

ū~k8,↑ !

Ak81

g1g5

u~k,↑ !

Ak1
52

ū~k8,↓ !

Ak81

g1g5

u~k,↓ !

Ak1
52,

~2!

and in these calculations we choose the Drell-Yan ass
ment @3#:

q5~q1,q2,qW'!5S 0,
2q2

P1
,qW'D ,

P5~P1,P2,PW'!5S P1,
M2

P1
,0W'D , ~3!

thus we have

GA~Q2!5K P8,↑UA1~0!

2P1 UP,↑L . ~4!

Thus, similar to the electromagnetic operators, the ma
element of axial vector currents can be expressed in the li
©2002 The American Physical Society01-1
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cone formalism as overlaps of light-cone wave functio
with the same number of Fock constituents as

GA~Q2!5(
a
E d2kW'dx

16p3

3(
j

t jl jca
↑!~xi ,kW' i8 ,l i !ca

↑~xi ,kW' i ,l i !, ~5!

where t j and l j are the isospin and helicity of the struc
constituents,ca

↑(xi ,kW' i8 ,l i) is the light-cone Fock expansio

wave function; andl i , xi , andkW' i are the spin projections
along the quantizationz direction, light-cone momentum
fractions, and relative momentum coordinates of QCD c
stituents, respectively. Here, for the final state light-co
wave function, the relative momentum coordinates are

kW' i8 5kW' i1~12xi !qW' ~6!

for the struck quark and

kW' i8 5kW' i2xiqW' ~7!

for each spectator.
In this work we study the nucleon axial vector form fact

based on the light-cone quark spectral diquark model@8#, in
which the Melosh rotation is applied to both quark and
quark, explicitly

xT
↑5w@~k11m!xF

↑ 2kRxF
↓ #,

xT
↓5w@~k11m!xF

↓ 2kLxF
↑ #, ~8!

for quarks@10#, and

VT
15w2@~k11m!2VF

12A2~k11m!kRVF
01kR2VF

21#,

VT
05w2@A2~k11m!kLVF

112$~k01m!k12kRkL%VF
0

2A2~k11m!kRVF
21#,

VT
215w2@kL2VF

11A2~k11m!kLVF
01~k11m!2VF

21#,
~9!

for vector diquarks@11#. Here, xT and xF are instant and
light-cone spin-12 spinors,VT and VF are the instant and
light-cone spin-1 spinors respectively,w5@2k1(k0

1mq)#21/2, kR,L5k16 ik2, andk15k01k3. And the details
of the quark-diquark model can be found in Ref.@8#. There-
fore, according to Eq.~5!, we have

GA~Q2!53E d2k'dx

16p3
wq8wqH 1

9
sin2u$2@~kq8

11mq!

3~kq
11mq!2k'8

Lk'
R#OV0,01A2@~kq8

11mq!k'
L

1~kq
11mq!k'8

L#OV0,11A2@~kq8
11mq!k'

R

1~kq
11mq!k'8

R#OV1,012@~kq8
11mq!~kq

11mq!
04820
s

-
e

-

2k'8
Rk'

L #OV1,1%wV~x,kW'8 !wV~x,kW'!1cos2u@~kq8
1

1mq!~kq
11mq!2k'8

Lk'
R#3wS~x,kW'8 !wS~x,kW'!J ,

~10!

whereOV come from the Melosh rotation of vector diquark
and w is the momentum space wave function which is a
sumed to be a harmonic oscillator wave function~the
Brodsky-Huang-Lepage prescription@12#!.

Following Ref.@8#, we calculate the nucleon axial vecto
form factor using three different sets of parameters in or
to show its dependence on the difference between the sc
and vector diquarks. This is shown in Fig. 1. As in Ref.@13#,
the experimental data are assumed to be the dipole form

GA~Q2!5
gA

~11Q2/MA
2 !2

, ~11!

where the axial constantgA51.2670(35) is from the mos
recent review by Particle Data Group@14#, and MA is the
axial mass. Our results agree with the experiment very w
In contrast to the case of nucleon electromagnetic form f
tors, the nucleon axial vector form factor is largely parame
independent. Alternatively, the effect of the difference b
tween the scalar and vector diquarks to the the nucleon a
vector form factor is small. The static properties correspo
ing to the axial vector current, axial constantgA , and axial
radius^r A

2&1/2 are listed in Table I. The axial radius is calcu
lated by

FIG. 1. Axial form factor of nucleons. The experimental data a
from @17,18#.

TABLE I. The static electromagnetic properties of nucleons
the three sets of parameters.

Set I Set II Set III Expt.

gA 1.253 1.270 1.242 1.2670~35! @14#

^r A
2&1/2 0.624 0.703 0.611 0.635~23! @17#,0.65~7! @18#
1-2
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r A
2526

1

GA~0!

dGA~Q2!

dQ2
uQ250 . ~12!

Our results are very close to the experimental data, and
the effect of the difference between the scalar and ve
diquarks to the nucleon axial vector static properties is sm

For the axial constantgA5GA(0), therelativistic effects
are essential in order to reduce the SU(6) nonrelativi
result gA

NR55/3 to the experimental data. In fact, from E
~10! we have

gA5E d2k'dx

16p3 F1

6
WA~x,kW'!wV

2~x,kW'!

1
3

2
WA~x,kW'!wS

2~x,kW'!G , ~13!

where

WA~x,kW'!5
~kq

11mq!22kW'
2

~kq
11mq!21kW'

2
, ~14!

is the Wigner rotation factor corresponding to the contrib
tion from the relativistic effects due to the quark transver
motion @4,5,15#. In the case of SU~6! symmetry between the
vector and scalar diquarks, we get the same results as o
light-cone quark models@15,16#, gA5^WA&gA

NR . In the non-
relativistic limit, ^WA&51 and gA5gA

NR . Therefore, the
physical value of the axial constant is reduced by 25% fr
its nonrelativistic value due to relativistic effects. This
similar to the nucleon spin problem situation@4#, where rela-
tivistic effects are important for producing the quark sp
reduction on the light cone. This is reasonable, since fr
Eq. ~5! it is easy to obtain the following relation between t
nucleon axial constant and the quark spin contributions to
nucleon spin:

gA5Du2Dd. ~15!

HereDu andDd are the helicities of the up and down quar
in the nucleon, andDq5^WA&DqNR, where DqNR is the
nonrelativistic quark spin contributions to the nucleon s
defined in the quark model.
cl

,
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On the other hand, in our model the anomalous magn
moment of protona can be also written as@8#

a52ME d2k'dx

16p3

1

M F ~12x!M~kq
11mq!2kW'

2 /2

~kq
11mq!1kW'

2 G
3wS

2~x,kW'!5^WM&aNR, ~16!

whereaNR52M /3mq is the nonrelativistic value of the pro
ton anomalous magnetic moment, and the relativistic eff
corresponding to the anomalous magnetic moment

WM5
3mq

M F ~12x!M~kq
11mq!2kW'

2 /2

~kq
11mq!1kW'

2 G , ~17!

which is the same as in Ref.@16#. Thus, the wave-function-
independent relations between the nucleon axial couplinggA
and the nucleon magnetic moments of Ref.@16# are still kept
in our model.

In conclusion, we extended our studies of nucleon ela
and inelastic scattering processes in a light-cone qu
diquark model to the nucleon axial vector form factor a
the Melosh rotations were applied to both the quark a
vector diquark. It is shown that the axial vector form fact
has very little dependence on the parameters of the m
and the relativistic properties of the model are essential fo
good agreement with the experimental results. The rela
between the nucleon axial constant and the anomalous m
netic moment of nucleons is also discussed.

Therefore the light-cone quark-diquark model gives
very good description of the nucleon. In fact, we have sho
that it can reproduce quite accurately both elastic and ine
tic electromagnetic and weak nucleon data, as can be sh
by our results for the nucleon structure functions and vec
and axial vector form factors.
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