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momentum Fock state can provide large logarithmic enhancement to the 
helicity flip amplitudes. In Fig. l(c), we show an example of a Contribution 
from the L, = 1 Fock state of proton. Because the quark orbital angular 
momentum contributes one unit of the proton spin, we will have differ- 
ence between the total quark spin and the proton spin. If the two spectator 
quarks are in the spin-0 configuration, this will enhance the power-counting 
in the hard factor. On the other hand, in order to get a nonzero contribu- 
tion, we have to perform the intrinsic transverse momentum expansion for 
the hard partonic scattering  amplitude^,'^ which will introduce an addi- 
tional suppression factor in (1 - x ) . ~  One intrinsic transverse momentum 
expansion comes from the propagator of momentum (p3 - k z )  will be, 

(1) 
1 - - 1 

(P3 - kZ2)Z (Y3P - kz + P 3 2  
ico (1 - po2p31 . kzl , 

Y3kL Y&21 ) 
where p is the longitudinal momentum fraction of the spectator carried by 
k z ,  and we have kept the linear dependence on PSI in the above expansion. 
Only this linear term will contribute when integrating over pil: Skzzl 
p31@?+2p:)@) E (k;+ik;)y3*4(yi, yz, y3), where is one ofthe twist-4 
quark distribution amplitudes of the p r ~ t o n . ' ~ J ~  From the above expansion, 
we find that this term will introduce additional factor of (1 - x ) / g ~  in the 
hard factor. Similarly, we have to do the expansion in intrinsic transverse 
momentum associated with the wave function at the right side of the cut 
line, and again the expansion of the gluon propagator with momentum of 
pi - kz will introduce another suppression factor of (1 - x)/y& in the hard 
factor. Thus the total suppression factor from the above two expansions 
will he (1 - x)2/y3y;, which gives the same power counting contribution to 
q- as that from the leading Fock state with L, = 0 in the above. 

We thus find the contributions from L, = 1 Fock state of the proton 
do not change the power counting for the q- quark distribution at large x. 
However, the additional factor l ly3yj  from the intrinsic transverse momen- 
tum expansions will lead to a large logarithm when integrating over y; and 
y:. This is because, combining the above two factors with all other factors 
from the propagators shown in Fig. l(c), the total dependence on yi and y: 
for the hard factor will be 

(2) 
I 

N 

YZY% - Yz)Y;Y&2(l - Y:) ' 
where we have yg and yiz in the denominator. On the other hand, we expect 
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the twist-4 quark distribution amplitude to have the following behavior 
at  the end point region: Y&'~(YI,Yz,Y~) K YIYZY~ and Y~?*&!;,Y~,Y&) K 
y;~iyj.1~ Thus we will have logarithmic divergences for the integrations 
over y3 and y&, for which we can regularize in terms of log(1-z) as indicated 
in the above propagator expansion. This will lead to a double logarithmic 
contribution log'(1 - x) in addition to the power term (1 - z ) ~  to the q- 
quark distribution at  large z.  

In summary, for the negative helicity distribution q-, the leading Fock 
state with zero quark orbital angular momentum L, = 0 contributes to a 
power term (1 - z ) ~ ,  whereas the valence Fock state with IL,l = 1 con- 
tributes to a double logarithmical enhanced term ( l - ~ ) ~  log'(1--2). So, in 
the limit x - 1, the q- distribution will be dominated by the contributions 
from L, = 1 Fock state of the proton, scaling as (1 - x ) ~  log'(1 - z) .  In 
the intermediate x range, the sub-leading terms can also be important. For 
example in Ref.,5 the quark helicity distributions were parameterized by 
the leading and sub-leading power terms and fit to the experimental data. 
This was later updated to account for the latest data in Ref.15 Thus, as a 
first step towards a comprehensive phenomenology, we follow the parame- 
terizations for q+ and q- in Ref.5 by adding the newly discovered double 
logarithms enhanced Contributions, 

1 

1 
X* 
1 

u + (x)= ~ [ A , ( 1 - z ) 3 + B u ( 1 - ~ ) 4 ]  

d+(x) = - [ A d ( l - ~ ) ~ + B d ( l - x ) ~ ]  

u-(z) = [ c , ( i - ~ ) ~ + c : ( i - ~ ) ~ i ~ g ~ ( i - ~ )  

+Du(l 

+ D d ( l  -zI6] , (3) 

1 
d - ( X )  = 2 [cd(l - Z ) 5  + ci(1 - X ) 5  lOg'(1 - X) 

where the additional two parameters Ch and C; come from the logarithmic 
modifications to the q- quark distribution at  large x, and all other para- 
meters refer to? In the following, we will fit to the current experimental 
data at large x region with the above parameterizations for the valence up 
and down quarks. 

3. Phenomenological applications 

In order to demonstrate the importance of the new scaling behavior for 
the negative helicity distributions for the valence up and down quarks, we 
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the original parameterization" becomes significant at large x. Another im- 
portant prediction of our fit is that the ratio of A d l d  will approach 1 at 
extremely large x, and it will cross zero at x is 0.75. It will be interesting 
to check this prediction in future experiments, such as the 12 GeV upgrade 
of Jefferson Lab. 
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laborations and many important conversations. This work was supported in 
part by the Department of Energy, contract No. DEAC02-7GSF00515, and 
by the Jefferson Science Associates (JSA) operates the Thomas Jefferson 
National Accelerator Facility for the U. S. DOE under contract DEACO5- 
060W3177. F.Y. is grateful to RIKEN, Brookhaven National Laboratory 
and the U.S. DOE (contract number DEAC02-98CH1088G) for providing 
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