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The Quark Contributions to the Proton
Spin at the Neutrino Experiments with
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The expressions for the contributions light quark flavors (u,d, s) in the nucleon
spin were obtained using the measurable polarization asymmetries A_, and A_, at
deep inelastic scattering the (anti)neutrino on polarized protons and neutrons. The
asymmetries A;, and A., give the access to the polarization of the valence quarks
Auy, Ady without use additional measurable quantities.
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In the deep inelastic scattering (DIS) (anti)neutrino on polarized targets is a possibility
to separate the contributions of the valence quarks and the quark sea in the nucleon spin
unlike traditional lepton-nucleon DIS. A perspective is to obtain high-focused neutrino
beams from neutrino factories [1, 2]. In this case the polarized targets need that already
can to create. Therefore the neutrino experiments with polarized targets become real.

Here we consider the method the receipt of the quark contributions in nucleon spin
from measurable quantities in neutrino DIS on polarized targets.
The differential cross-sections of the inclusive processes

v(P) + N — v(p) + X, 1)

neutrino DIS on the polarized nucleons with the neutral weak current were obtained in
the following form:

Ovy = 0y, + Pnay 5, (2)
20 .
where 0 = fm—@, Py = +1 is degrees longitudinal polarization of nucleon,
a Tog _
Tho = 5 | Do+ 28 )a(e) + e, F 25 b)a0)] 3)
q q
b, =120 2(2 Fb, £y
we = g Y19 T Y aq)AQ(l") + Z(—nybq + y;aq)Aq(x)], (4)
? q

= & — (g2 2

20 20 ME, a‘{ = (v + gA)ql’ gq = (9v9a)y q = u,d,s; gyu = 3 —
3 Snll wy _gA“ - 2 gva =9gvs = 53+ 5$sin’ O, guy = JAs = —%, Ow is Weinberg
angti-in(?)h( *t‘l ¥, Y1 =1-vy, M is target mass of nucleon, E is energy initial
Zeu Aim ineutrino), G is Fermi constant; z,y are scaling variables; ¢(z), (g(x)) and
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respectively. o, and 0,5 are unpolarized and polarization parts of cross section (2).
The polarization asymmetries we
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The first arrow correspond the helicity of neutrino ({) or antineutrino (1), and the second

- direction spin of nucleon 1 (Py = +1) and | (Py = —1). Substituting cross sections (2)
to (5) we have for asymmetries

ob + of
Ax = o+ o2’ (6)

With the help (3), (4) the polarization asymmetries (5) for the proton we obtain in
the following form:

4 [Au(z) + At(z)] + aq [Ad(z) + Ad(z)] + as [As(x) + As(x)]

= 2 [buuy () + bady (z)] : (7)
A, = Q[buAuv(’I) + bgAdy (g,)] .
T [u(z) + @(z)] + aq[d(z) + J(:z:)] + as[s(z) + 5(z)] (8)

The polarization SE of the neutron have measure in DIS on the deutrons and the
nuclei He (SLAC, COMPASS, HERMES). They necessary for the separation of the
parton distributions on the flavors in the combination with the data DIS on the protons.

The possibilities measurements SF neutron will expand in the experiments at EIC
and in JLab 12 GeV. We consider such the approach for the neutrino DIS (1). For the
scattering off the neutrons the asymmetries (5) are

4 Gd [Au(z) + At(z)] + au[Ad(x) + Ad(x)] + as[As(z) + A3(z)) ©)
o 2[bduv(:1:) + budv(ﬂi)] ’

_ 2[baduy (z) + buAdy (@)]
agu(x) + @(z)] + a.[d(z) + d(z)] + as [s(z) + 5(z)]

In (7) and (9) we cross to the first moments of the parton distributions

A-\‘-n

(10)

au(Au + AT) + ag(Ad + Ad) + as(As + A3) = /01 24 _p [buuv (x) + bady (z)]dz, (11)

ag(Au + AG) + a,(Ad + Ad) + as(As + A5) = /01 24_, [bguy () + budy (z)]dz. (12)
For the separation of quark flavors in (11), (12) we use the octet axial charge ag =
3F — D = 0,579 + 0,025, that in QPM is
ag = (Au+ AT) + (Ad + Ad) — 2(As + AS). (13)
Therefore, from (11), (12), (13)
Au+ Au =

(2ad + as) fol A_p [buuv (CC) + bddv (x)]dx - (zad + as) f()l A—n [bduV('E) + b“dV(x)] d$+
(ay — ag)(ay +aat as)

I as08
_——-———""‘_—_—_7
2(a, + ad + as)

Ad+Ad =

(200 + aa) [1 A [bau (z) + bydy (2)]dz — (204 + ) Jy Ap[buvv (x) + badv ()]
(ay — ag)(ay +ad T as)

asd8
e\
* 2(a, +ad T as)
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)]dl‘ _ agga;—%ad{

buuy () + bady (z)]dz — fol A [bauv(z) + b, dy(z
() + aq + as

1
As+A5 = Jo Al

These the contributions of the quark flavors in the spin nucleon can to obtain from the

data on the proton (11) and the apply quantities as (13) and as:

a3 = (Au + AT) — (Ad + Ad) (14)
_ 2 fl A_p(byuy(z) + bady ())dz + aaas + as(az + as)/2
Au+ Ag =~ ,
Qo + ad + [«
- 2 fl A_ (b ’U,V(SC) + bddv(x))dl' -~ ayu03 + (ls(axs - a3)/2 (15)
Ad+ Ad =20 P\ " ,
Ay + ag + Qs
1 —
As+ A5 = 2fo A—p(buuv(x) + bddv(x))dx — aya3 — (@ + aq)(as a3)/2'

a, + ad + as

The analogous expressions can to obtain for the neutron, if in (15) to make the re-
placements A_, — A_p,a, <> ag, by <> bg. The first moments distributions of the valence

quarks Auy and Ady from Ay, (8) and A, (10) we perform as

b, Auy + bgAdy = % /01 A+p[ Z aq(q(z) + q(w))}dx

q=u,d,s

bdA'U,V + buAdV =

- % /01 Arn]aa(ule) + (@) + au(d(z) + d(@)) + as(s(2) + s(z) ] da-

Therefore the polarization of the valence quarks we obtain the expressions

5 f) A [ Sgmtde 00 (q(z)+a(x>)] do—24 [ Asn [ ad (4(@)+3(@) ) +au (d(@)+d(z) ) +as (s<z)+§(z))J do
Auy = BT b2 ’

%ﬁ fﬂl Ain [ad (u(:c)+11(a:)) +au (d(x)+¢i(x)) +as (s(z)+§(m))J dx—%‘,i fol AsplZgu a5 @1 (q(a:)+q(x)):l dx
Ady = it

Thus, with the help the polarization asymmetries A_, and A_, DIS the neutrino and
the antineutrino on the longitudinally polarized protons and the neutrons the expressions
were obtained for the quark contributions (Au+ Aa), (Ad+ Ad), (As+ A3) in the nucleon
spin. The asymmetries Ay, and A4, give the access at the polarization valence quarks
Auy and Ady without the using complementary measurable quantities.
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