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New theoretical method of the quark helicity distributions extraction in
NLO QCD

A N. Sissakian, O.Yu. Shevchenko, O.N. vanov
 Joint Institute for Nuclear Resegrch

Abstract
H-is ptoposed the modificatiah of the Jacob! palyhurmdal expension method
(MJEM) which is based on the apphication of the + d (available to exper-

fment) moments instead of the full anes. The applcation of MIEM with resp ect o
qtiark heliciy disiributions tecanstmiction from the SIDIS data is consideted.

Omne of very important topics in the modern high energy physics is the investigation
of the partonic spin structure of miclecn. In this connection, nowadays, there is a huge
growth of interest to semi-inclusive DIS (SIDIS) experiments with longitudinally polarized
beam and target such as HERMES: {1} and COMPASS [2).

It is argued (see, for example, Ref [3]) that to obtain the reliable distributions at
relatively low average Q? available to the modern SIDIS experiments®, the leading order
(LO) analyxis is not sufficient and next to leading order analysis (NLO) is necessary.
In ref, [4] the procedure allowing the direct extraction from the SIDIS data of the first
moments (truncated to the accessible for measurement ry region) of the quark helicity
distributions in NLO QCD was proposed.: However, in spite of the special impotrtance of
the first moments, it is certainly very desirahble to hawe the procedure of reconstruction
in NLO QCD of the polarized densities themselves. -At the same time, it is extremely
difficult to extract the local in Bjorken r distributicns directly, because of the double
¢ lution product ing the NLO QCD expressions for semi-inclusive asymmetries
(see {4] and references therein). Fortunately, operating just as in ref. [4], one can directly
extract not only the first moments, but the Mellin moments of any required order. In

turn, using the truncated of parton distribution functions (PDFs) and applying
the modified Jacobi poly ial expansi ethod (MJEM) proposed in Ref. 5] one can
uct PDFs th ves in the entire sxible for ement Bjorken x region.

The proposed in Ref. {5] modified Jacobi polvnomial expansion method is the expaxn-
sion of the PDF F(z) in the series

Fay= r~_<x>=(‘_2)"(1-§25)°
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For exasple, HERMES dats. 1] on secni-inclus is obbained ab G2, = 25GeV?
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over the Jacoli polynomials @9 and the truncated tn accessible for measurement Iy
*fegion |a, 5] moments M[j} = Ml’dl[;] f dr 29 Pz The later s of especial im-
portance since the full Mellin moments M[j] = J§ dr2*1F(z) entering the usual Jacobi
pelynomial expansion method {JEM) [8-8] are unavailable while the substitution in the .
usual’ JEM the truncated moments instead of the full cnes leads to the strong devia-
tian [5] of the reconstructed  Fi,,.{z) from F{r). On the contrary, all mumerical sests
demonstrate [5] that for the truncated region MJEM yields much better accuracy of the
inpit parametrization reconstruction in comparison with JEM. Thus, dealing with the
truncated, available to measurement, xz region one should apply the proposed MIEM to
abtain the reliable results on the local distributions,

Let us now, apply MIEM to the HERMES SIDIS data an the pion production: Here
we would Tike fust to test the applicability of MIEM to the experimental data, so that, for
a momeitt, we do-not like to:deal with the such: poorly known objects such a5 D-" and
D} fragmentation functjons, From this point of view the most attractive ab]ects are the
dﬁereme asymretries {see j4] and referances therein); where the fragmentation functions
are cancel out in the leading order, while in' the next to leading order the difference
asymmetry has anly weak dependence of the difference of the favored and umfavored
{fragmentation functions (knowrn with 2 good precizion).’ At the same time the difference
asymmetries ate mill niot constructed?®, Sa, Tet s apply o trick and to.express the difference
asymmetries

irkews Lo (NF' SN S —Nf'r') v
#0. T PePrfD(NY = NI H(NT =NE)
via'the standard virual pheton SIDIS asymmetries i :
NTE L NTE
v 1t H
A = PxFrfD Ny Ny

which were measured by HERMES {1].-Namely, the difference asymmetties, Eq. 12),
be. rewritten:as

@

®

whoa 33 L
La™ = R_lAt(dl" ﬂ_]Av(di‘

where the ratio
AT = NPINT, N N A N
is taken from the unpalatized SIDIS data. This quantity. is well kiiown (much better than
the fragmentation functions).. We take jts vahie fram the LEPTO generator of unpolarized
3Ab present the such soalysis is pecformed by HERMES wllaboration
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Figure 1. The results of LO reconstruction of Auy(r} and Ady(z). The closed circles oxtre-
spond to the HERMES LO analysis [1]. The open circles cartespond to direct LO extraction
from the diffretis asymmetries constrticted applying Eq. (3), The sulid cirves cottespond to
teconsittiction with MIEM (Nepaz = 4).

evemts [11], which reproduces the results on this quantity obtained by EMC collaboration
[12]. First, for the sake of testing, we reconstruct the local valence distributions in the
leading order. The results are presented in Fig. 1. One can see that reconstructed with
MIJEM curve is in a good agreement with both HERMES results and with the results of
direct LO extraction from the difference asymmetries constructed with the application of
Eq. (2).

Thus, the proposed Eq. (3) can be successfully applied, at least for the preliminary
analysis. The results of NLO reconstruction with MJEM of Aup and Ady from the
difference asymmetries given by Eq. (3) are presented in Fig. 2 in comparison with the
respective LO results. It is seen that the behavior of NLO and LO curves with respect
to each other is in agreement with the predictions of existing parametrizations (see, for
example, [10]).

Thus, all tests confirm that the proposed modification of the Jacoki polynomial ex-
pansion method, MJEM, allows to recanstruct with a high precision the quark helicity
distributions in the ible for Tp region. The performed preliminary
analyxis of the HERMES data on the pion production gives the reliable results on the
valence quark helicity distributions, which are in accordance with the leading order HER-
MES results as well as with the existing NLQ parametrizations on these quantities. Thus,
MJEM occurs successful with respect to NLO extraction of the valence PDFs. In future
we also plan to apply MJEM to NLO QCD extraction of the sea and strange quark he-
licity distributions from the putlished HERMES data and expacted COMPASS data on
the SIDIS asymmetries with the pion and kaon production.
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Figure 2. The testits of Auy and Ady NLO teconstruction with MJEM from the HERMES
date in comparisan with the respective LO results.
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