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1. Introduction
In this talk we briefly review the salient features of light front dynamics [1] and its application to inclusive deep inelastic scattering. For applications of light front techniques to
exclusive processes, see ref. [2].

2. Special features of light front dynamics relevant for phenomenology
2.1 Kinematics
The idea of light front quantization was introduced by Dirac in 1949. Introduce the
(x? )2 . Further
variables x = x0  x3 , x? = (x1 ; x2 ). We have, x2 = x+ x
+
+
?
?
k:x = 1=2k x +1=2k x k  x . An example of a light front is the surface x + = 0.
Time is chosen to be x + . Then x is a longitudinal coordinate, k is the energy and
k+ is the longitudinal momentum. For an on mass-shell particle, longitudinal momentum k +  0 and energy k = (k ? )2 + m2 =k + . Note the nonrelativistic structure of the
dispersion relation in the transverse plane.
What makes light front dynamics appealing from high energy phenomenology point of
view?

 Boost are kinematical: Longitudinal boost becomes a scale transformation and transverse boosts are Galilean boosts.

 With a cutoff ki+ > 0 on constituent momentum, vacuum is trivial and hence parton
picture makes sense.
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and x? differently, only x ?
carry inverse mass dimension. This is convenient for the description and the understanding of DIS phenomena.
Relativistic fermion and gauge boson (A + = 0 gauge) have only two dynamical
degrees of freedom. This makes it possible to completely unravel the dynamical
dependence of various operators.

 Light front power counting [3] forces one to treat x


2.2 Multi-parton wavefunctions
The bound state of a hadron on light-front can be simply expanded in terms of the Fock
states

jP S i =

XZ 0

n;i

dxi d2 ?i jn; xi P + ; xi P? + ?i ; i iSn (xi ; ?i ; i ) ;

(1)

+
where n represents n constituents contained
+ ?i ; i i,
R 0 in the Fock state jn; x i P ; xi P? P
i isP
the helicity of the i-th constituent,
denotes the integral over the space i xi = 1,
and i ?i = 0 while xi is the fraction of the total longitudinal momentum carried by
the i-th constituent, and  ?i is its relative transverse momentum with respect to the center
+
+
mass frame, xi = p+
i =P , i? = pi? xi P? with pi ; pi? the longitudinal and transS
verse momenta of the i-th constituent.  n (xi ; ?i ; i ) is the amplitude of the Fock state
jn; xi P + ; xi P? + ?i ; i i, i.e., the multi-parton
which is boost invariant
P R 0 wave function,
dxi d2 ?i jSn (xi ; ?i ; i )j2 = 1, and
and satisfy the normalization condition n;i
is, in principle, determined from the light-front bound state equation. For a meson, for
example,

2
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n 2
X
i? + m2i  6
4
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i=1
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(2)
Here Hint is the interaction part of the light-front QCD Hamiltonian.  Sn (xi ; ?i ; i ) play
a crucial role in high energy inclusive and exclusive reactions.

3. Light front QCD Hamiltonian approach to deep inelastic structure functions
Taking clue from Bjorken’s original derivation of scaling, we make use of the Bjorken–
Johnson–Low (BJL) expansion of scattering amplitudes specialized to light front kinematics and light-front current commutators. Since the current commutators are evaluated in
the interacting theory of QCD, we overcome some of the original shortcomings. The analysis directly leads to expressions for various quark distribution functions (which are related
to structure functions in the leading logarithmic approximation) as Fourier transforms of
equal light front time correlation functions which involve bilocal vector and axial vector
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currents. Since the bilocality is only in the longitudinal direction we can immediately exploit the whole machinery of Fock space expansion techniques and bring in multi-parton
wave functions [4].
Since matrix elements relevant for deep inelastic scattering are measured at the scale Q,
a major question is whether we can consistently carry out the renormalization program. We
are able to achieve this [5] using the tools of old fashioned perturbation theory, the elements
of which are transition matrix elements and energy denominators. The use of light-front
gauge A+ = 0 greatly simplifies matters. For example, the path ordered exponential
involving the gauge field between the fermion field operators in the bilocal currents reduces
to unity in this gauge. In our method, the physical picture is transparent at each stage of
the calculation since one is using techniques that closely resembles those in nonrelativistic
many body theory.
Since multi-parton wave functions carry both perturbative and non-perturbative information on the structure of hadrons, both aspects are treated in the same framework in our
formalism and we are thus able to provide a unified picture. This is a unique feature of
our program which is lacking in alternative methods currently in practice namely operator
product expansion method and QCD factorization method.
To resolve various outstanding issues associated with the twist four longitudinal structure function F L =4 (x), an analysis [6] was performed based on the BJL expansion for the
forward virtual photon-hadron Compton scattering amplitude and equal (light-front) time
current commutators. We showed that the integral of F L =4 =x is related to the expectation value of the fermionic part of the light-front Hamiltonian density at fixed momentum
transfer. Using the Fock space expansion for states and operators, we have evaluated the
twist four longitudinal structure function for dressed quark and gluon targets in perturbation theory. The new relation, in addition to providing physical intuition on F L =4 , relates
the quadratic and logarithmic divergences of F L =4 to mass corrections in light-front QCD
and hence provides a new pathway for the renormalization of the corresponding twist four
operator. The mixing of quark and gluon operators in QCDRnaturally leads to a twist four
longitudinal gluon structure function and to a new sum rule dxFL =x = 4M 2 =Q2 , which
is the first sum rule obtained for a twist four observable. The validity of the sum rule in a
non-perturbative context is explicitly verified in two-dimensional QCD. We have presented
numerical results for the F 2 and FL structure functions for the meson in two-dimensional
QCD in the one pair approximation. We have pointed out the relevance of our results for
the problem of the partitioning of hadron mass in QCD.

4. Spin operators in light front QCD and polarized DIS
We have investigated important issues in both longitudinally and transversely polarized
structure functions. For the transversely polarized structure function g 2 , if the twist three
contributions are ignored, one gets an expression purely in terms of the longitudinally
polarized structure function g 1 . In order to examine the validity of this Wandzura–Wilczek
relation for the polarized DIS structure function g 2 (x; Q2 ), we have used [7] the light-front
time-ordering perturbative (p)QCD to calculate g 2 (x; Q2 ) at order s on a quark target.
In contrast to the folklore in pQCD, we found that the study of the transversely polarized
structure function in pQCD is meaningful only if we begin with massive quarks. The result
showed that the Wandzura–Wilczek relation for g 2 (x; Q2 ) is strongly violated in pQCD.
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In the case of longitudinally polarized scattering, the nucleon spin crisis has attracted
lot of attention. To address various issues that arise in polarized scattering, a proper understanding of spin operators in QCD is mandatory. In ref. [8] we have addressed the long
standing problem of the construction of relativistic spin operators for a composite system
in QCD. Consider the Pauli–Lubanski spin operators

W =

1  M P
 
2

with + 12 = 2. For a massive particle, the spin operators J i in light front theory are
given in terms of Poincaré generators by



1

M J i = W i P i J 3 (i = 1; 2) = ij K 3 P j + (F j P + E j P )
2
+
W
1
J 3 = P + = J 3 + P + (E 1 P 2 E 2 P 1 ):



P iJ 3:
(3)

Exploiting the kinematical boost symmetry in light front theory, we showed that transverse
spin operators for massless particles can be introduced in an arbitrary reference frame, in
analogy with those for massive particles.
We were able to show that [9], in light-front quantization, with A + = 0 gauge, J 3 is
equal to the naive canonical form independent of interactions at the operator level, provided
the fields vanish at the boundary. Explicitly,

J 3 = Jf3(o) + Jf3(i) + Jg3(o) + Jg3(i) :

(4)

Having constructed the gauge fixed light-front helicity operator, quark and gluon orbital
helicity distribution functions relevant for polarized deep inelastic scattering were introduced as Fourier transform of the forward hadron matrix elements of appropriate bilocal
operators. The utility of these definitions was illustrated with the calculation of anomalous dimensions in perturbation theory. The helicity sum rule for dressed quark and gluon
targets in light-front perturbation theory was explicitly verified.
The proton helicity sum rule is given by

hP S k j J 3 j P S ki = hP S k j Jq3(i) j P S k i + hP S k j Jq3(o) j P S k i
+hP S k j Jg3(i) j P S k i + hP S k j Jg3(o) j P S ki:

(5)

The flavour singlet part of the helicity structure function

Z

1
0

dxg1 (x; Q2 ) / hP S k j Jq3(i) j P S k i:

(6)

The transverse rotation operator
2
F 2 = FI2 + FII2 + FIII
:
2
2
The operators F II and FIII which do not explicitly depend upon coordinates arise from

the fermionic and bosonic parts respectively of the gauge invariant, symmetric, energy
momentum tensor in QCD. It follows that the transverse spin operators J i , (i = 1; 2) can
also be written as the sum of three parts, J Ii which has explicit coordinate dependence, J IIi
244
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i which arises from the bosonic part of the
which arises from the fermionic part, and J III
energy momentum tensor. In light front QCD, the complete set of transverse spin operators
are identified for the first time, which are responsible for the helicity flip of the nucleon.
We can write down a proton transverse spin sum rule

hP S ? j J i j P S ? i = hP S ? j JIi j P S ? i + hP S ? j JIIi j P S ? i
i j P S ? i:
+hP S ? j JIII

(7)

The flavour singlet part of the transverse polarized structure function

Z

1
0

dxgT (x; Q2 ) / hP S ? j JIIi j P S ? i:

(8)

Thus we establish the direct connection between transverse spin in light front QCD and
transverse polarized deep inelastic scattering.
In summary, we have shown that an approach to deep inelastic structure functions based
on light front QCD Hamiltonian can provide a very clear physical picture as well as a welldefined calculational tool to investigate various perturbative and non-perturbative issues.
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