OGbeAHHEHHBIH HHCTHTYT ANEPHBIX HCCIEAOBAHMI
Jlabopatopus Teopernueckoit dpusnku um. H. H. Boromo6opa

Csemnoti namamu

Jleonuoa Anexceesuua Cnenuenxo,
Banepus Mxpmuivesuua Tep-Aumonana
u Bradumupa Bradumuposuua Ilanosna
noceéawjaemca

CUMMETPHUN
H UHTETPUPYEMBIE CUCTEMBI

WU3BPAHHBIE TPY]Ibl CEMUHAPA
(2000-2005)

Tom 11

Ilon obmeit penakumeit 4. H. Cucaxsna

Cocrasuremn: I'. A. Koznos,
C. M. Enucees

“Iy6ma 2006



NLO QCD method of SIDIS data analysis
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Abstract

The semi-inclusive deep inelastic scattering (SIDIS) process is
considered. It is proposed a theoretical procedure allowing the direct
extraction from the SIDIS data of the first moments of the polarized
quark distributions in the next to leading (NLO) QCD order. The
validity of the procedure is confirmed by the respective simulations.
To this end both broken and symmetric sea scenarios are considered.
Especial attention is paid to the application of the proposed proce-
dure to such important questions as the symmetry of the light quark
polarized sea and the polarized strangeness content in nucleon. In
this connection the pecularities and the respective possibilities of the
HERMES and COMPASS experiments are studied.

The main points of interests for the modern semi-inclusive deep inelastic
scattering (SIDIS) experiments wi longitudinally polarized beam and tar-
get are the strange quark, light sea quark and gluon contributions to the
nucleon spin (see, for example [1] and references therein). Of special im-
portance is also still open question whether the polarized light quark sea
symmetric or not, i.e., if the quantity! A& — A,d is equal to zero or not.
At the same time it was shown [2, 3] that to get the reliable results on such
the tiny quantities as As and A;@ — A,d from the data obtained at the
relatively small average Q? available to modern SIDIS experiments (such as
HERMES and COMPASS), one should apply next-to leading order (NLO)
QCD analysis. The respective procedure of A,q extraction in NLO QCD or-
der have been proposed in ref [4]. In ref. [4] it was shown that the proposed
procedure could be successfully applied for the direct extraction from the

1From now on the notation A;q = fol dxAq will be used to distinguish the local in
Bjorken « polarized quark densities Ag(z) and their first moments.
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SIDIS data of the quantities Ajuy, Ajdy and, eventually, of the quantity
A @ — Ayd. The respective equations for these quantities look as
1 A;a:p + A;-TP

Aluv = -

. 1445 — Acer
5 Li—L; '

Audv = g— —T, M

for valence distributions and

_ o 1 |ga| 24t —3A5F
Au—-Ad:- L —_—P e 2
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for the A& — A;d. All the quantities in the r.h.s of these equations contain
only already measured unpolarized quark distributions and pion fragmenta-
tion functions (favored and unfavored, entering the coefficients L; and Lo,
respectively), known NLO Wilson coeficients and the so-called “difference
asymmetries” (see, for example, [1, 4, 5]) for the pion production on the
proton and deutron targets , A;,’+‘"- and AT""_, entering the quantities
As® and AJ™. Thus, these difference asymmetries are the only unknown
input which should be measured to find the quantities Ajuy, A;dy and
At — Ayd using Eqgs. (1) and ( 2).

In the paper [4] it was performed the detailed analysis on the possibil-
ity to correctly extract in NLO QCD order of the quantities Ajuy, Ady
and A,% — A.d in the real conditions of the HERMES and COMPASS ex-
periments. Special attention was paid to the such important questions as
the statistical errors on the difference asymmetries? and to the uncertainties
caused by the low =g regions unavailable to HERMES and COMPASS. First
of all, the performed in [4] analysis confirms that the proposed NLO QCD
extraction procedure meets the main requirement: to reconstruct the quark
moments in the accessible to measurement zg region. On the other hand,
it was shown that even with the rather overestimated low z 5 uncertainties
given in [4], one can conclude that the question is A% — A,d equal to zero
or not could be answered even with the HERMES kinematics in the case
of strongly asymmetric polarized sea. In any case, the situation is much
better with the available to COMPASS zp region.

2At first sight it could seem that the difference asymmetries suffer from the much
larger errors in comparison with the usual asymmetries because of the difference of =+
and 7~ counting rates presents in denominator. However, fortunately, for the proton
and deutron target it is not the case because on these targets (on the contrary to the
neutron target) 7+ production essentially exceeds 7~ production. As a consequence, the
statistical errors occur quite acceptable [4].
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At present COMPASS experiment uses only the polarized deutron tar-
get in the muon part ot its program. Besides, it is obvious that the statis-
tic of semi-inclusive events with pion production is much higher than the
respective statistics of kaon production (one registrates about 90% pions
among all semi-inclusive events). So, it is of interest to see could we extract
so important quantity as polarized strangeness in nucleon using only pion
production on the deutron target. To this end we will use so-called “sum
asymmetries” (see, for example, [5] and references therein) Ah‘H‘( ,Q) =
Jog dzn(gy NIt N/h)/ Joodzn(Fy FN* FN/h) and also the SU¢(3) sum rule

ag = F + D. Then, operatlng quite analoguously to the case of differ-
ence asymmetries [4], after some simple algebra one obtains the following
NLO QCD equation for the quantity A,s + A;3 we are interesting in:
ATt — 5(3F — D) (LY + L7 + 200)
10 (LY 4 L§9) 4 4Ll + 2457

(A1s + A13) o = (3)

1 1
AT = / dz AT+ / dzy, (FI™ + FM)
0 0.2

ezp(d) =

quQ]h(Q2)_=_/0 dzp [D (Zh,Qz) o /z 4z — A1Cq(2 )Dh QZ)]
I/["q}h(Q2 / dzh A1 Cyolz ’)Dh( /’Q)

where A1C(2)g0.00 = Jo dz 8Coqq4(x,2) are the first moments of the NLO
Wilson coefficients which can be found in [6] and the fragmentation func-
tions D; = DT* = D" = DT = D3 (favored), D, = D}' = DY
D™ = Dr* (unfavored), D, = DT = D™ = D = D7 (unfavored) can
be found in ref. [7]. To understand is it possible to correctly extract the
quantity A;s+ A, using proposed NLO QCD procedure, we, just as before
[4], perform the simulations using the polarized event generator PEPSI. The
all simulation conditions exactly correspond to the COMPASS kinematics
(see [4] for details). It is obvious that to be valid, the extraction procedure,
being applied to the simulated asymmetries should yield results maximally
close to the ones obtained directly from the parametrization entering the
generator as an input.

Comparing the upper and the lower parts of the Table 1, one can see
that the results of A;s + A3 reconstruction in the accessible zp region
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for both input parametrizations (broken and symmetric sea scenarios) are
in a good agreement® with the respective integrals over the same zg re-
gion (COMPASS region) of the respective parametrizations. Thus, the per-
formed analysis confirms that the proposed NLO QCD extraction procedure
can be applied to reconstruct the quantity A;s + A3 we are interested in.

Table 1: The upper part presents the results on A;s + A;5 obtained from integration
of GRSV2000NLO parametrization (symmetric sea I and broken sea Il scenario). The
lower part presents the results on A;s+ A3 extracted from the simulated sum asymme-
tries applying the proposed NLO procdeure with parametrizations I and II entering the
generator as an input.

ZB; Q? [Ais+ A3l [As+ As3)n
0.0001 < zg; < 0.99 7.45GeV? —0.119 0.002
0.003 < zp; < 0.7 7.45GeV? —0.088 0.008

0.003 <zp; < 0.7 7.45GeV? —0.10+0.01 0.0l +0.01

Let us now apply the proposed procedure to the real datat of HERMES
on asymmetries A, 4, A;’: [8]. The proposed procedure in this case allows
to obtain the simple expressions for the NLO quantities Aju, A;d and
A1§ = Ayu = .. via the quantities A(ezp)p.ds A@p)p,d which contain only al-
ready measured unpolarized quark distributions, fragmentation functions®,
known NLO Wilson coefficients and the measured asymmetries Apd, A;,’;.
Certainly, one could choose only three equations (containing any three of six
measured asymmetries) to obtain the minimal nondegenerate system which
can be directly solved with respect to NLO quanitities Aju, A;d and A,q.
However, to increase the precision of extraction, we, as usual, use the fit-
ting procedure where we inlcude all six available quantities A.zp)p 4, Af:;p)p,d
entering the constructed x2.

3From the Table 1 one can see that the truncated moments (input and extracted
respectively) are in a good agreement with each other, and, besides, they are quite close
to the “exact answer” — second line in the Table 1. Let us stress, however, that it is
certainly necessary to properly estimate low zg uncertainties (see, for example, [4]) to
do the eventual conclusion on the polarized strangeness content in nucleon.

4Since the kaon fragmentation functions are stil poorly known, while here we mainly
would like to check the validity of the metod itself (irrespectively to this problem), we will
consider here the most simple case of the pion production with the assumption Aii =
Ayd=Ays=A5= A;q. The application of the method to the kaon asymmetries is
now in preparation.

SThe paremetrization for the framentation functions from ref. [7] is used for both
testing with PEPSI[12] and reconstruction from the real HERMES data
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First of all, we again perform the testing of our method using the
GRSV2000(NLO) parametrization as an input. Comparing the upper and
the lower parts of the Table 2, one can see that the results of Aju, A;d and
A;q reconstruction are in a good agreement with the input parametriza-
tion. Thus, the performed testing shows that our procedure can be applied
to Aju, A;d and A, g reconstruction.

Table 2: The upper part presents the results on Aju, Ajd and A;§ obtained from
integration of GRSV2000NLO parametrization (symmetric sea scenario). The lower part
presents the respective results extracted from the simulated asymmetries applying the
proposed NLO procdeure with GRSV2000NLO parametrization entering the generator
as an input.

zpg region Au A d A1q
0.023 < zp < 0.6 0.724 -0.302 -0.026
0.023 <z < 0.6 0.702+0.020 -0.27440.025 -0.027+0.013

Let us now perform NLO extraction of Aju, A;d and A,g from the real
HERMES data [8] on A, 4, A;,"f,. It is of importance that the unpolarized
quark densities entering the quantities A(el'P)P:d7Azre:::p),d are obtained from
the structure functions. Thus, dealing with the real data one should first
express SIDIS structure function Fy (entering the quantities A(e,y)) via Fi:
F} = 2zF}1 + R(z,Q?)) and then use pQCD NLO expressions for Fi
via the respective unpolarized quark densities and Wilson coefficients [6].
The respective results are presented in the Table 3. It is instructive to

Table 3: The results on NLO exctracted Aju, A;d and A;§ from the HERMES data
on asymmetries A, 4, A;:.
Alu A]d Alq
0.624+0.063 -0.355+0.070 0.0163-0.038

compare the results of Table 3 with the respective integrals of two latest
NLO parametrizations [9]; see Table 4. It is seen that the results are in a
good agreement within the errors.

Thus, the performed analysis argues that the proposed procedure is
acceptable for extraction of A;q in the next-to-leading QCD order.

The authors are grateful to R. Bertini, M. P. Bussa, O. Denisov, O. Gor-
chakov, A. Efremov, N. Kochelev, A. Korzenev, A. Kotzinian, V. Kri-
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Table 4: The results on Aju, Aid and A;§ obtained from the respective integrals of
parametrizations AAC2003 and BB.

Parametrization A;u A;d A
AAC2003 0.691 -0.293 -0.034
BB 0.667 -0.274 -0.024

vokhizhin, E. Kuraev, A. Maggiora, A. Nagaytsev, A. Olshevsky, G. Pi-
ragino, G. Pontecorvo, J. Pretz, I. Savin and O. Teryaev, for fruitful dis-
cussions.
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