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Abstract 
The new ways the extraction of the polarized structure function 

from the measurable asymmetries of the processes DIS with charged 
current are proposed. 

In QCD the spin of the nucleon is 

1 1 2° = 2°�E + �g + Lq + L9, 

where �E, �g; Lq,g are the contributions the spin of the quarks, the gluons 
and their orbital angular moments respectively. 

The data all the experiments give what only about 1/3 the nucleon spin 
carry the quarks and antiquarks (�E = 0, 35 from COMPASS, �E = 0, 33 
from HERMES) and l�gl :::; 0, 3 [1-3] . 

The orbital angular moments Lq, L9 can to be accessible through the 
measurements the generalized parton distributions in the exclusive pro­
cesses of the deep virtual Compton scattering and meson production [2] . 

New information on the contributions of the quarks and the antiquarks 
can to obtain from the experiments DIS with charged current [4-7] 

v(v) + N -+  z-(l+) + X, 

z- (l+) + N � v(v) + X. 

The processes have the following advantages: 
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• Two independent polarized structure functions (SF) g1 (x, Q2) and 
g6(x , Q2) for the longitudinal polarization of the target . The parity­
conserving polarized SF g1 � ('6.q + '6.q) but the parity-violating 
polarized SF g6 � ('6.q - '6.q) . This allows to obtain separately 
the contributions of the valence and the sea quarks as in the semi­
inclusive DIS. However, in last case the knowledge the fragmentation 
functions is necessary, which now badly known. 

• The neutrino have 100% polarization. 
The experiments on the processes ZN-DIS with charged current are 

planned on ep-colliders in the frame of the projects LHeC, EIC, eRHIC. 
The neutrino experiments on the polarized targets are possible as the 

high-focusing neutrino beams can to obtain from the decays of the muons 
(the neutrino factories) .  

The information about the spin structure o f  the nucleon contain the 
polarized SF g1 (x, Q2) and g6 (x, Q2) , which extract from the measurable 
polarized asymmetries. 

The extraction the polarized SF from the asymmetries is not trivial task 
since in case the processes DIS with charged current have two independent 
polarized SF in contrary from the ZN-DIS with the exchange of the photon. 
Therefore, this task requires the separate of the consideration. 

In present work we propose the new ways the extraction of the polarized 
SF g1 and g6 from the asymmetries of the processes DIS with charged 
current. 

Now we consider the DIS the (anti)neutrino on the polarized nucleons 
with charged current 

v(v) + N ----+ z- (l+) + X 

in Born approximation (fig. 1) 
The differential cross sections ( 1) are 

where 
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Figure 1 .  The process vN-DIS with charged current 

Laf3(k, k' ) = kak'{3 + k'ak{3 - gaf3(kk') ,  
La{3(k k') = -ieaf3puk k' 5 ' p q 1  

(4) 

G is Fermi constant, M is the mass of the nucleon, q = k - k', s is the 
vector of the polarization of the nucleon. 

W�f3(v, q2) and G�'.�6 (v, q2) are the averaged and the polarized SF of 
the nucleon correspondingly. 

V = p · q/M. 

The cross sections v(v)N-DIS on the unpolarized target are 

�=�: = u0 [ xy2 F�,v (x, Q2) + (1  - y )F;·v (x, Q2) ± xy ( 1 - �) F;·v (x, Q2)] , 
(5) 
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where 

c2 
O"o = -ME; 

7r 
F.v,v _ vWv,v . 2,3 - 2,3 , 

E is the energy of the neutrino or the antineutrino. 

For the longitudinal polarization of the nucleon ( s = ( 0, PNrfi-) in 

laboratory frame, PN is the degree of the polarization) the cross sections 
(4) obtained in the form 

d20"�,r; 
dxdy 

[ 2 ( Mx) v,TJ( 2) ( Mxy) v,TJ( 2) = PNO"o xy 1 + E 96 x, Q - 2 - 2y - -y 94 x, Q -

( Mx) ( Mxy) vv( 2) -2 1 + E 1 - y - 2E 95' x, Q ± 

± ( xy ( 2 - y - M;y)9�,r;(x, Q2) 

_ 2M x2y v,TJ( Q2) M xy v,TJ( Q2)) ] E 92 x, + E 93 x, . 

Here have introduced the dimensionless SF 

2 2 v 2 v 
91 = M vGi , 92 = Mv G2, 93 = vG3, 94 = 

M
G4, 95 = v G5, 96 = 

M
G6. 

In deep inelastic region � � 1, therefore in this approximation have 

d20"P 
- [ 

- ( - 2 - 2 ) 
dx
;; = PNO"o xy29�'v (x, Q2) - 2 (1 - y) 9�'v (x, Q ) + 9�'v(x, Q ) ± 

±xy(2 - Y)kv(x, Q2)] . 

The interaction of the virtual boson with the quark conserve the he­
licity, when all the masses neglect, such what the hadron tensor T af3 = 

1 10 



Wa/3 + Gaf3, if consider leading order, must disappear by the multiplication 
on the vector of the longitudinal polarization boson ca · Since ca can be 
represented as the linear combination p and q, this the condition implies 
qaqt3T a/3 = 0. Then from (3) and ( 4) obtain 

qaqt3Tat3 = v (F2 - 2xF1) + 2(sq) (94 + 95 + x95) = 0. 

Therefore in leading order 

94(x, Q2) + 95(x, Q2) = -x95(x, Q2) . 

With respect to this correlation the polarized part of the cross sections 
the processes ( 1) is 

where 

v,v + v,v - v,v cf2CTP - ( - 2 - 2 ) 
dxdy 

= PNXCTo Y1 96 (x, Q ) ± Y1 91 (x, Q ) , 

Y1 = 1 - Y, Yt = 1 ± Yi · 

(6) 

From (6) see, what in the case of the longitudinal polarization of the nu­
cleon the cross sections v(v)N-DIS contain two independent polarized SF 
91 and 96 in contrary from electromagnetic processes DIS, where only one 
SF 9J.  

The cross sections of the processes (1) DIS (anti)neutrino on the lon­
gitudinal target in accordance with (2) , (5) , (6) are 

cf2CTvp _ [ + v,Tl( 2) 
1 - v,TJ( Q2) dxdy - CTo XY1 F1 x, Q ± X2Y1 F3 x, + 

+PNx (yt9�,v(x, Q2) ± y19r,v(x, Q2)) J .  (7) 

The polarized asymmetries for the processes (1 )  determine as the fol­
lowing combination of the cross sections (7) : 

cf2CT.I.°!: tt _ cf2CTU-'-t.I. 
A _ _ v,v v,v (B) v,v 

- d2CT.1.°!:tt + d2CTU-'-t.i. . 11,v v,v 
The first arrow in (8) corresponds the helicity of the neutrino -!. or 

antineutrino t, the second - the direction of the spin of the nucleon t 
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(PN = 1) and _j_ (PN = -1) .  With the help (7) for the asymmetries obtain 
the expressions through SF 

Yi 9�,
v (x, Q2) ± Y19�

,
v (x , Q2) Av,v(x, Q2) = _ _ _ 

Yi Ff'v (x, Q2) ± �F;•v(x, Q2) 
(9) 

The extraction the spin-dependent SF in DIS with charged weak current 
is non-trivial task, since the asymmetries (9) contain two independent SF 
91 and 96 · 

Obviously, what for the extraction SF 91 ,6 from (9) necessary the com­
plementary correlation connecting these functions. Here propose the new 
ways of the extraction SF 91 and 96 from the asymmetries only the pro­
cesses with the participation of the neutrino and applicable for the any 
target. For that consider the processes [± N-DIS with charged weak cur­
rent inverse to the neutrino reactions ( 1 )  

z- (l+) + N ---+ v(v) + X, ( 10) 
where l = e, µ. 

For the SF the processes ( 1) and ( 10) are following conformities in 
leading order 

9r,6 (x, Q2) = 9C5 (x, Q2) ,  
Ff3 (x, Q2) = F{� (x, Q2) . ' ' 

( 1 1 )  

The measurable asymmetries A1- ,1+ (x ,  Q2) the processes ( 10) note in 
the form [8] 

+ 1- 1+ ( Q2) - 1- 1+ ( Q2) Ai- i+ (x, Q2) = Y1 96 ' x , ± Y� 91 ' x ,  
, 

YiFr·1+ (x, Q2) ± �Ft·1+ (x, Q2) 
With respect to the correlation ( 1 1 )  asymmetries A1- ,1+ ( x, Q2) present 

through SF 9�,v(x, Q2) and 9�,v(x, Q2) 

A1- ,1+ (x, Q2) = Yi9�'v (x, Q2) ± Y�9�:(x, Q2) . (12) 
Yi Ff,v (x, Q2) ± �F;•v(x, Q2) 

The correlatioµs (9) , ( 12) allow to extract SF 9�'v (x, Q2) and 9�,v(x, Q2) ,  
since Ff,v(x, Q2) ,  F;•v(x, Q2) known from neutrino experiments on unpo­
larized targets. Thus obtain 
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v;v( Q2) = � [A -( Q2) (Yi F";v(x Q2) ± F;.v(x, Q2) ) =f 91 x, 2 v,v x, Y1 1 ' 2 

=f A1+,1- (x, Q2) (y� F�;v(x, Q2) =f F;.v(;, Q2) ) ] , 
� 

(1� 

9�'i7(x, Q2) = � [A�,v(x, Q2) (F�;v(x, Q2) ± :��F;·v(x, Q2)) + 

+ A1+,1- (x, Q2) (F�'v(x, Q2) =f :�+F;·v(x, Q2)) ] · 

The quantity Yi "I- 0 by the any meaning scaling variable y in the limit 
it the change in the region DIS 

O < y :::; l .  

The Y1 = 0 by y = 0 ,  but this meaning not enter in  the kinematical 
region variable y .  

Note, what in proposed approach can to determine SF 9�-;, and 9r6 the 
processes (10) with help asymmetries A1- ,1+ (x, Q2) , (9) and

' 
(10) . I� this 1- 1+ 1- 1+ . case for 91 ' , 96 ' we obtam 

9�- ,1+ (x, Q2) = � [ ±A1- ,1+ (x, Q2) (�( Fr,1+ (x, Q2) ± Ft,1+ ;x, Q2) ) =f 

=i= Av,,,(x, Q2) (�( Fr·
1+ (x, Q2) =i= Ft·1+ (x, Q2)) l 

(14) 
1- ,1+ 2 _ 1 [ 2 ( 1- ,1+ 2 Y1 1- ,1+ 2 ) 96 (x, Q ) - 2 A1- ,1+ (x, Q ) F1 (x, Q ) ± 2YiF3 (x, Q ) + 

( 2) ( 1- ,1+ ( 2) Y1 1- ,1+ 2 ) ] + Av,v x, Q F1 x, Q =f 
2Yi F3 (x, Q ) · 

Thus for the finding SF on the formula (13), (14) enough data only the 
experiments (1) and (10) the DIS with charged current with the partic­
ipation of the neutrino and this method applicable for the any target in 
physical region 0 < y < l .  
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The another possibility of the extraction SF g1 and g6 consider on the 
example ZN-DIS with charged current . Now we introduce the asymmetries 
as the constructions simultaneously the cross sections z± N-DIS: 

( d20"(2 ± d20" i1) - ( d20"(! ± d20" ii) A±(x Q2) = 

) = ' ( d20"t2 ± d20" ;-t) + ( d20"t± ± d20" ii 
Yi [gr (x, Q2) ± gr (x, Q2)] + Y1 [gr (x, Q2) =i= gr (x, Q2)] 

Yi [Ff (x, Q2) ± Ft (x, Q2)] + Yf [Ft (x, Q2) =i= Ft (x, Q2) J .  
By small y will Y1 « Yi and from (15) follows 

A (x Q2) = 
gr (x, Q2) ± gr (x, Q2) ± ' Ff (x, Q2) ± Ft (x, Q2) " 

Then from ( 16) obtain 

gr (x, Q2) = � [ A+(x, Q2) (Fr (x, Q2) + F{+ (x, Q2)) + 
+ A_ (x, Q2) (Fr (x, Q2) - Ft (x, Q2))] , 

gt (x, Q2) = � [ A+(x, Q2) (Fr (x, Q2) + Ft (x, Q2)) -
- A_(x, Q2) (Fr (x, Q2) - Ft (x, Q2)) J . 

From the asymmetries 

(15) 

(16) 

(17) 

= A1- (x, Q2) [ �F( (x, Q2) + �Ff (x, Q2) J - �gr (x, Q2), 
= J4.gt (x, Q2) - A1+ (x, Q2) [4Ft (x, Q2) - �Ft (x, Q2)] . � � 
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Analogously the given scheme is applied for v(v)N-DIS with charged 
current . 

THE CONCLUSIONS 

The methods of the extraction the polarized SF 91 ( x, Q2) and 96 ( x, Q2) 
from the measurable asymmetries DIS with charged current have proposed: 

1) on the base the joint application the asymmetries Av,v(x, Q2) and 
Az- ,z+ (x, Q2) ; 

2) with the help asymmetries the same the process, for example, 
A1- ,1+ (x, Q2) and A± (x, Q2) for t±N-DIS (CC) (analogously for the 
neutrino processes DIS) .  

Both methods are applicable for the any target. 

References 

[ 1] Kuhn S. E. et al. Prag. Nucl. Part. Phys. 2009. V.63. P. 1 .  

[2] Burkardt M. ,  e t  al. Rep. Progr. Phys. 2010. V.73. P.016201 .  

[3] Aidala C.A. e t  al. ArXiv: 1209.2803 [hep-ph] . 

[4] Forte S. et al. Nucl. Phys. 2001 .  V.B602. P.585. 

[5] Maul M. ,  SchoiJer A. Phys. Lett . 1997. V.B390. P.437. 

[6] Forte S.  ArXiv: hep-ph/0501020. 

[7] Anselmino M. et al. Phys. Rev. 1997. V.D55. P.5841 .  

[8] Maksimenko N .V . ,  Timoshin E.S. Proc. of  the National Academy of 
Sciences of Belarus. Ser. of Phys.-Math. Sciences. - 2008. - No.2. -
P.73. 

1 15 


