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Abstract

A new way of obtaining spin-dependent structure functions from 
asymmetries of deep inelastic neutrino scattering on polarized target 
is proposed. Quark contributions in nucleon’s spin have been defined 
on the basis the first moments of structure functions for scattering on 
proton and deutron.

Introduction
After the EMC experiment [1] began new stage in a study the spin structure 
of nucleon. The EMC experimental results indicated, that only a small frac
tion, ДЕ =  0.12 ±  0.17, of the proton’s spin is due to the spin of quarks and 
the strange quarks have essential negative polarization ДЕ =  —0.190 ±0.078. 
They contradicted to expectations of the naive quark parton model (QPM) 
(ДЕ =  1, Да =  1) or the relativistic QPM (ДЕ =  0.58).

In following years was conducted the series experiments [2]-[9] on the 
deep inelastic scattering (DIS) polarized electrons and muons on polarized 
targets. The SLAC, CERN, DESY data confirm conclusions about small ДЕ 
with typical value 0.2-0.4, that corresponds the polarization of the strange 
quarks .

In semi-inclusive experiments [10], [11] was measured the polarization of 
the sea quarks. For the light sea quarks (Дй, Дгі) the polarization is compat
ible with zero, while for the strange quarks a slightly positive polarization 
is favoured within the measured range in contrast to results based on in
clusive data alone [2]-[9]. However, within their total uncertainty also the 
polarization of the strange quarks is zero.
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Therefore further measurements the quark contributions in the nucleon’s 
spin are necessary. A search new possibilities the receipt the information 
about the spin structure of the nucleon is actual in connection with this.

The polarized DIS with neutrino beams [12] is highly interesting for a 
investigation the nucleon’s spin as gives access to the flavor structure of the 
target.

In previous works [13]-[15] a ways were elaborated for the determination 
the quark contributions in the spin of nucleon with help the different sets of 
the observable quantities (the asymmetries, the first moments of polarized 
structure functions) lepton - nucleon DIS.

In this paper we propose a new approach for extraction of the polarized 
structure functions (SF) from the measurable asymmetries, which not depend 
from the type of the target. This allows make an analysis the spin structure 
of the nucleon based on the first moments the polarized SF for the different 
polarized targets, and not only deutron as in [14], [15].

1 Polarized L/TV-DIS (charged current)
+ N ц (м+ ) +  *  (1)

The cross sections of the reactions (1) are

=  ao^y2^ )  +  y i F ^ (x ) ±  xy (1 -  I )  F ” \x ) +

+P N x (y t9 f ( x ) ± y T g ^  (2)

Here a =  d2a/dxdy\ x, у are usual scaling variables, Fii2i3 and are 
structure functions (SF), y± = l i y f ,  yi =  1 —у, PN  is degree the longitudinal 
polarization of nucleon.

The asymmetries are necessary measured quantities in the polarized ex
periments. This asymmetries are a certain combinations of the differential 
cross sections for the different directions the particl’s spin.

For the neutrino processes can definite following the observable asymme
tries: 

1T.TT _  Ц .П  
^ A X ,y ) -  T TT И U  

u l/p I и l/p
(3)

or in terms of SF

у ^ Н » )
4

(4)
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For extraction SF 51, 92 determine asymmetries with help d o ^ /d x  =

Jo dxdy У '

W  4 F r  (x) ±  F ^ x ) ' W

Then from (4), (5) can to extract spin-dependent SF

9 ^

± 7 ^ 2  ( y t F ^  ±  -

-y+  ( 2 Р Г ( х ) ± ^ ( х ) \

к ж » )  ±  | f r w ' )  -  
У̂і 1 \УІ Z /

- A v j (x )  (2 F ^ (x )  ±  .
\ Л J (6)

1.1 Spin structure of nucleon: proton’s target
The SF g ^  (x) in QPM are

9 r w  =  E A ’ W + E A ’ W ' p )
9 9

9eBw  = E A ’ W - E A « W ’ <8 >
9 9

where q = d, s,b (q = u ,c ,t) and q =  Й, c, t (q = d,s,b) for neutrino (an- 
1

tineutrino). The first moments SF (7), (8), that are Гі,6 =  У  gi$dx, equal

0

П р =  Ad +  As + Дй, =  Ad + As -  Ай,
П р  =  Au +  Ad +  As, =  Au -  Ad -  As, (9)

where 
1

AQ(AQ) = J  ^ ( x ^ ^ q ^ x ^ d x .

0
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For extraction the quark contributions from (9) necessary have supplementary measurable quantity, for example, axial charge =  F  +  D  =  1.267 ±  0.00035, that in Q P M  is
a 3 =  (Au +  Ah) — (Ad +  Ad). (10)Combining (9), (10) obtain following quark contributions in spin nucleon:• the quark flavours (u, d, s)

A u +  A u  -  1 (Г 7  +  ГГР - Г £ Р +  І 7 ) ,  
£A d  +  A d  =  | ( Г 7  +  П Р - І 7  +  І 7 )  — a3 ,A s +  A s  =  1 7  -  Г 7  +  a3 , (11)

• the valence quarks
△ ^  =  | ( П р + п р - п р + п р ), Adv =  J ( n p - n p + n p + n p ), (12)

• the total quark contributionA S  =  (Au +  Au) +  (Ad +  Ad) +  (As +  A s) is
A S  =  r"p +  1 7 , (13)

• the antiquarks
да = h r?  -17), Ad = h r?  -17 -  «,),Д 5 = 1 ( Г ? - Г ?  +  а3 ). (14)
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1.2 Spin structure of nucleon: deutron’s targetThe polarization SF  of deutron determine as usually in the form:I 
vM d 91,6 "г 91,6 г-. . r \
9 i,в = — ----- — ( l-1 .5 w ) ,where w «  0.05 is the probability D-state in wave function of deutron. The first moments SF  areГ?*4 =  Г?*4 =  Г? =  Ь ( Д и  +  Дй) +  (Ad +  △</) +  (Да +  Да)](1 -  1.5w), A=  1[Диу +  A d y ±  (A s +  △«)](! -  1.5w).Hence it follows 2Г?A S  = --------— ,1 -  1.5w (15)

p o d  I podД ну +  A dy =  —-— ■ ,1 — 1.5u> (16)
p od  p odA s  +  A s =  6-  ~ ~ 4  1 -  1.5w ’

л  A _ 1 / 2 Г ? -  rgd  +  r^ d  ,
△it +  Д г і =  -  — 1-— ---------+  a32 \ 1 -  1.5w (17)

A J 1 / 2 Г ? - Г ^  +  Г ^△d +  A d  — -  I   — — -----------аз2 \ 1 — 1.5w
1.3 Polarized vN —  DIS (neutral current)Now considere the processes with neutral current

V n M  +  N  +  X .  (18)The cross sections of the processes (18) obtain from (??) with help the replacements
p o ,o  pO  . _o ,o  о 

r 1,2,3 — Г  1,2,31 91,6 “ * 91,6-276



The polarization asymmetries are

UT.TT _  11,T1
Zi q x 

_1T,TT , _11,T1 ’ '
p,l/ • p,l/

±  ~  ±  ^ 1) font
* (а іт ± а Г )  +  ( ^ ± ^ ) '  (2 U )

In terms SF:

A NC _  ^ У іЗ б ^ У Т Э і)  z9 1 x
y ^ ± y T x F S ' [ U )

A NC  _  2 ж ^б A N C  _  ^9i f 9 9 \+ ~  F° ’ -  ~  F ^ ’ ( 2 2 )

where

5i(x ) =  |  + AQ̂ )].

(23)
9б^) =  5 2 M A ?^) -  Ag(®)], 

9

а ч = (9v + 9A ^  b4 = (9V 9A )4 ,

/ X  * 2  ZX /  \  /  X 2 , 9 л

wv)u =  -  -  -  sin 0w , {gA )u = 9 ; (9v)d,s = -  -  +  -  sm 9W, Л и Z Z u

. . 1
\9А }ЛА =  ~ 2 ’

0w is Weinberg angle.
In case of the reactions (18) with neutral current SF g ^  can determine 

directly from expressions (21)

Й Ю  = -  Л ?°) +  +  Л Г )],

9 ? «  =  +  < c ) + ~ Л Г ))
4хуі

or from (22):
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1.4 Proton’s target
The first moments SF (23):

Гі =  —[аи (Ди +  Дй) 4- а (̂Дс£ +  Ad  4- Да +  Да)],

Г]] — Ь„Диу 4- bdAdy.
Then the quark contributions can to find from following combinations 

observable quantities:

Гр аз, а8 =  (Ди 4- Ди) 4- (Ad 4- Ad) — 2(Да 4- Да) 
а8 = 3F -  D =  0.585 ±  0.025 (23)

2Г^ +  |a d (3a3 +  a8)
Ди 4- Ди = -------- ----- -----------,

Н“ ^ d
Л J , Л J 2 П  4- |a d (a8 -  a3 ) -  a3au-* Ad 4- Ad = ----------------- ---------------,4-
л л -  2 Г 1  ~  2 ^ u (^ 3  +  а в) +  2®d(®3 — Ge)
Да 4- A s = -------- *-----------— --------------:----L au  4- 2ad

П , a3 =  A u v  -  Adv  г . _  rg+a3bd
Л  = ( 2 3 )

_ bu”h&ci

1.5 Deutron’s target
The first moments SF of deuteron are

Г? =  ^[(«u +  а^)(Ди 4- Ди 4- Ad  4- Ad) 4- 2а^(Да 4- Дв)](1 — 1.5w), 

Ге =  ^[(bu +  bd)(Au v  + Adv )(l -  1.5w).

With help their and a3 , a8 obtain

278



p d  л  ~1 J ,  аз, ag

1
A u  +  A u  = 1 /  2Гі 1 \  a3---- Го— I i Гг oa 8a d I + 7Г au +  2a</ \1  — 1.5w 2 / 2

A d  +  A d  = -------—  “F 2Г? 
1 -  1.5w

1 
n ^ S ^ d

аз
2 ’

1 Г 2Fd 1A s +  A s = -----— -   ---- -i------ -a 8 (au +au + 2ad [1 — 1.5w 2

2 Conclusions
• v N  -  DIS (charged current)the determination polarized SF

А ^ У І  A v ^ x )  -  д ^ д ^the quark contributions to nucleon’s spin
1  1 >1  6 , a 3

A u  +  A u , A d +  A d, A s  +  A sA u y , AdyA SA u , Ad, A s
r- A u  +  A u , A d  +  A d, A s  +  A s

p d  p H i'M  _  
1 1, 1 6 > a 3 —* △uy +  A d yA S

• v N  -  DIS (neutral current)the determination polarized SF
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у) or A ^ C (x, у) -♦ gO, g°

the quark contributions to nucleon’s spin for proton and deutron

Гр a 3 , as —* A u +  Au, Ad +  Ad, A s +  A s

Ге, a 3 (Ай =  Ad) —► A uy, Ady

Г р а3 , а8 —► A u +  Au, A d +  Ad, As +  As

Гб —► A uy +  Ady.
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