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QCD Analysis of Polarized Deep Inelastic Motivation

Scattering Data and New Polarized
Parton Distributions

WHY AND FOR WHICH PURPOSE DO WE
B 3 STUDY POLARIZED DEEP INELASTIC
JOHANNES BLUMLEIN AND HELMUT BOTTCHER SCATTERING ?

DESY ZEUTHEN

e Short distance structure of nucleon spin

OUTLINE:

Test of perturbati D: A
e Motivation e Test of perturbative QC QCD

e Test of fundamental and less fundamental sum rules

e QCD Analysis Formalism

e World Data .
e Test of perturbative QCD: Agcp

e Error Calculation

e Parton Distributions with Errors . e Does QCD describe polarized nucleons non-
erturbatively?
Agcp a M2 P VEyE .
* Agcp and o 2) Parton distributions from Experiment
e Factorization Scheme invariant Evolution | vs. Lattice Moments

o Moments - Comparison QCD with Lattice

e Conclusion IS THERE A SPIN CRISIS?
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- | Motivation

Motivation
WHAT IS THE NUCLEON S SPIN WHAT IS THE NUCLEON'S SPIN
MADE OFF . MADE OFF 7
EMC (1987):
3 B 1 9 0 3 1
Mmpqlpa <<7 Today:0.14 Q" =4 GeV > (8qi+AT)+ Ly + [AG + L] = 5
= : i=1

Aq;, AG;,, AG : from polarized DIS

L4, Lg : (with ENORMOUS effort and luck) from:

Violation of the Ellis-Jaffe sum rule :
DI non-forward scattering.

. ‘
ep(n) Imk%s mwﬁ.mﬂ.,\bvllu.
\o dzgy”™(2) = 5 | F 1Y 3 F D) ¢ L

The E-J sumrule is non-fundamental, since :
! 1w 1 2 oy
dzgi(z) = =13 (F + D) + —(8F — D)+-T
0 6 36 9

(e.g. Van Neerven, Ravindran, 2001)
Non-conservation of the axial current leads due to the ABJ-anomaly

jeads to a scale dependence of HJM.Z, which cannot be associated
to a hadron quantum number.
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" Motivation

e A number of QCD analyses for polarized data perfor-
med so far:

_ T Gehrmann and W_J.Stirling (GS), Phys.Rev.D53(1996)6100.

— G.Altarelli et al. (ABFR), Nucl.Phys.B496(1997)337.
— Y.Goto et al. (AAC), Phys.Rev.D62(2000)034017.

— M.Gliick et al. {(GRSV), Phys.Rev.D63(2001)094005.
— E.Leader et al. (LSS), Eur.Phys.J.C23(2002)479.

— E154 Collaboration, Phys.Lett.B405(1997)180.
— SMC Collaboration, Phys.Rev.D58(1998)112002.

However, no reliable parametrization of the error
bands for the polarized parton densities are given.

o We aim at parametrizations of polarized densities and
their fully correlated 1o error bands which are directly
applicable to determine ‘experimental’ errors for other
polarized observables.

e Such an analysis has a value of its own within the
framework of spin physics in order to understand the
spin puzzle.

e Comparison of the QCD analysis results with results
from recent lattice simulations concerning both QCD
parameters and low order moments.

Evolution in MELLIN space

e The polarized structure function gi(z, Q%) repre-
sented in terms of 2 MELLIN convolution of polarized
parton densities Af; and Wilson coefficients ACj:

N
f 1 2
2 1 2 RN 1 x 3 QI
g1(z, Q%) = IMUQ.\ E—H‘DMAi.tlv \PQMAN.]
2
+AG Am,twv ACg T,mm
A .C..\..

2
N z
.+. ..\.VQ.N s AM, _E.W.u DQM{WW ANMQMIVH— ]
ofi

with the singlet density AX
N
f

AT Téﬂ = 3 T@. Au,twv + Agj T,twi “

J=1

the gluon density AG,
the non—singlet density meﬂm

D&.,G T:ng = Ag; T_tw + Ag; T,twv
— %MDM An.th ,
and the factorization scale py.

e The above quantities also depend on the renorma-
lization scale u, of the strong coupling constant
as(u2) = g2(u2)/(1672). The observable gi(z,Q?)
is independent of the choice of both scales.



e

Evolution in MELLIN space (cont’d)

e The evolution equations are given by

8¢S (w, Q%)

gt = e Ag; S (2, Q%)
nlll'@li DMAHONU . . DMAH,QNV
8 log Q% A AG(x, Q%) v = AP(r.as) ®h AG(z. %)
with
APG(r.a) = aAPQ(z)+alAPE" (z) + O(a)

sy = [ APu(zQY) APy(z,Q)
AP{r.a,) = A APy (z, Q%) Dﬁmwﬁa Q%) v

= a,A0PY(z) + QNDHUEAHV + QADU
and ® the MELLIN convolution

1
[A® Bl(z) = \o dzidxed(x — z122) A(z1)B(x2)

e The polarized Wilson coefficient functions
AC;(z,as(Q%)) and the polarized splitting functions
AP;;(z, as(Q?)) are known in the MS scheme up
to NLO. [W.L.van Neerven and E.B. Zijlstra, Nucl. Phys. B417 (1994) 61,
R.Mertig and W.L.vanNeerven, Z.Phys.C70 (1996) 637, W.Vogelsang,
Phys. Rev. D54 (1996) 2023}

= A complete NLO QCD Analysis possible.

Evolution in MELLIN space (cont’d)

e a,(u,) is obtained as the solution of
das tw .
tw% = —Boal(p?) — Brad(n,) + O(as),

where the coefficients of the S—function are given by
(in the MS scheme)

11 4
Bo = I,lem FN¥,
34
B = 3 2 - ]Qmﬂmz% - pQwﬂm,Z?

and
Ca=3, 1Tr=1/2, Cr= 4/3.

) >.H,©Hmu is given by:

: 1 1
Age> = x,silm Togm@w
B A 1 B :
mo Hom Boas(122) + u .

—> We extract >Mwub from the data and choose Ny = 4

whereas the polarized structure function g1(z, Q?) is
presented using only the three light flavors.



Evolution in MELLIN space (cont'd) Evolution in MELLIN space (cont’d)

e The evolution equations are solved analytically in o The Leading Order singlet evolution matrix is given

MELLIN- space: by
. . : a. —r_(N} Gs -4 (N)
— A MELLIN—transformation is performed L(as, a0, N) = e_(N) A.mav + e (N) Aﬂv
0
_ 1 N-1
MU l.\o deaf(@), Nl with the eigenvalues
which turns the MELLIN convolution ® into an 1
ordinary product. re =5 Tﬁﬁuﬁev 4 z\ﬁ,ﬁuﬁevw — &mgnﬁai
0
e The non-singlet solution: and the eigenvectors
. ) I.ﬁvﬁov\m R - -
AN as) = Aalv NS0 T — > (as — a0) _ P9/gy — sl
a0 Po . . T T e
x mwmmmc - Wﬁ@i AGYS(N, ag)
. . ° e The Next—to-Leading Order singlet solution is
and the singlet solution: obtained from the LO singlet solution through the
. : matrix U1 (V)
(A5020) = B+ eI, ana0) 1= aUi (V) o Rie
— -—e_Rje_—e R =
y A AT(N, ag) v U(N) e-Rie_ — erfuer + T
AG(N,a0) /]’ e Rie.,
. +
where a5 = as(Q?) and ap = as(Q3F)- ry —r_—1
i . . with
— The input and the evolution parts factorize. Ry = (PD — (8,/8 PO/
1= — 1 0 0-

[W.Furmanski and R.Petronzio, Z.Phys.C11(1982)293, M._Gliick, E.Reya, and
A Vogt, Z.Phys.CA8(1990)471, J.Bliimiein and A Vogt, Phys.Rev.D58(1998)014020]



Evolution in MELLIN space (cont’d)

e The input densities

AT(N. a), AG(N, ao), and Ag)N3(N, ao)

are evolved to the scale Q?, respectively to the
coupling as(Q?). An inverse MELLIN-transformation
to z—space is then performed by a contour integral in
the complex plane around all singularities:

Af(z) = W_..\ooo dz Im TN@Q@H:&&D&F@E .
(Path: c(z) = ¢; + plcos(¢) + isin(¢)], with
cit=11,p2>0,and ¢ = mq_..v

The function A f(x) finally depends on the parameters
of the parton distributions chosen at the input scale
Q32 and on Agcp. These parameters are determined
by the fit to the data.

Parametrization

o General choice for the parametrization of the polarized

parton distributions at Q3
1
2Agi(z, Q2) = mAz®(1 — 2)%(1 + vz + pir?)

e Normalization:

a; T(a)T(hi + 1)
a; +b;+1 I{a; +b: + ”_.u
T(a; + 0.5)T'(b; + 1)
I'(a; +b; + H.mv

A7l = 1+

T

+pi

such that 1
\ dzAgi(z, Q) = m
0

are the first moment of Ag;(z, QF)-
e The polarized parton distributions to be fitted are:
Auy, , Ady , A, AG

where the index v denotes the valence quark.

Note: Ag + Ag = Aqy + 244



Choice of Parameters

Choice of Parameters

o Q2 = 4.0GeV?
e SU(3) flavour symmetry assumed

Ths, and ng, determined from the SU(3) parameters F
and D involved in the matrix elements describing the
neutron and hyperon (-decays:

Ny = 2F = 0.926 ;na, = F — D = —0.341
ga/gyv = Nu, — Ndy = F + D = 1.267

o Flavour symmetric sea assumed
Ati(z, Q2) = Ad(z, Q3) = As(z, QF) = Adlz, QF)
e For Au, and Ad,: p=0
zAgi(z, Q3) = nAsi (1 — z)* (1 + i)

e For Agand AG: y=p=0 (Gluon A)
sAgi(z, Q) = niAir™ (1 — 2)"

e The remaining 12 parameters to be determined are:
Aty: Gy » by s Yo Ddy: ag , ba . 74
Ag:ng.ag.bg  AG:n6. a6 be

Note:

2Ag(e, Q) = miAw™(1— o)1 + vz + piz?)

e Parameters which have been fixed since the data do
not constrain those parameters well enough:

— For Au, and Ady: vy
zAg;(z, Q%) = nAsx®i(1—z)%(1 + ;L)
— For Ag and AG: b
zAg(z, QF) = mdiz® (1 — )"

e Relations adopted between the parameters a; and b;
for A7 and AG:

ag = a;+C, with 0.5<C <10

?M pol B om unpol
be)  \bc
— Essential to respect Positivity for A7 and AG.

o No Positivity constraint assumed for Awu, and Ad,.

— Finally 7 parameters are left free to be determined in

the fit. In addition Agcp is fitted. — (74 1)

Note:
zAg;(z, @wv = da.\r.buaﬂ.ﬁ — HVQH.AH + v + PUGWV



The World Data

Published Experimental Data above Q% = 1.0 GeV?2

From the measured \»__QSQMV to g1(z, Q%)

Experiment z-range Q“-range number of data points
[GeV?] gi/Fior Ay | &
E143(p) 0.027 -0.749 | 1.17 -9.52 82 28
HERMES(p) | 0.028 -0.660 | 1.13-7.46 39 39
E155(p) 0.015-0.750 | 1.22 - 34.72 24 24
SMC(p) 0.005 - 0.480 | 1.30—-58.0 59 12
EMC(p) 0.015-0.466 | 3.50 - 29.5 10 10
proton 214 113
E143(d) 0.027 - 0.749 | 1.17 - 9.52 82 28
E155(d) 0.015-0.750 | 1.22 -34.79 24 - 24
SMC(d) 0.005-0.479 | 1.30-54.8 65 12
deuteron 171 64
E142(n) 0.035 - 0.466 | 1.10 - 5.50 30 8
HERMES(n) | 0.033 - 0.464 | 1.22-5.25 o] .9
E154(n) 0.017 - 0.564 | 1.20 - 15.0 11 17
neutron 50 34
* total _ 435 _ 211
g1/F1 = _1 Ay, where ~2=Q*/V?
A+~
1+9°
=0t o
2z(1+ R)

F~Parametrization: NMC, M. Arneodo et al., Phys. Lett. B364 (1995) 107.
R-Parametrization: SLAC, L. Withiow et al., Phys. Lett. B250 (1990} 193.

o Cross Section Asymmetry A,:

Q3EQ:
A=
e From Aj to A, or g1/ F1:
Al
= L _pni,
Ay D N2
g1 1[4
2= + (v —n)Az|
[2)] 1 A — 1
AT LR D

As is measured to be small. Its contribution to A4;
or g1/F; can be neglected. D is the virtual photon
depolarization factor. -y and 7 are kinematic factors.

¢ From .QH\NHH to gy
a(z, Q% = g/FxF(z,Q%),

1++2 ,
Mﬂwmnﬁu @MV - MHAH_.A,.T MNNHWQMVV.NUMAH Q..Vu
R(x,Q%) = oifor, 7> =@

F,—Parametrization: NMC, M. Arneodo et al., Phys. Lett. B364 (1995) 107.
R—Parametrization: SLAC, L. Withfow et al., Phys. Lett. B250 (1990) 193.



What about the Errors?

Problem: Systematic errors are known to be partly
correlated which would lead to an overestimation
of the errors when added in quadrature with the
statistical ones.

Statistical Errors:

To treat all data sets on the same footing statistical
errors are taken only. Accept only fits with a Positive
Definite Covariance Matrix.

— Calculate the Fully Correlated 1o Error Bands by
Gaussian error propagation.

Systematic Uncertainties:

Allow for a Relative Normalization Shift between
the different data sets within the normalization
uncertainties quoted by the experiments (fitted and

then fixed).

exp data a
T S [CLE i S il
=1 (AN)* (Agi5?)?

—> Thereby accounting for the main systematic
uncertainties (luminosity and beam and target polar-
ization). .

e

Gaussian Error Propagation

In the treatment used in our analysis the evolved
polarized parton densities are linear functions of the
input densities for all parameters, except Agcep.

Let f(z,Q%aslf ;) be the evolved density at @w
depending on the fitted parameters a;|5_; at the input
scale Q2. Then its fully correlated error Af as given by

Gaussian error propagation is

k 2
Af(z, Q%) = MU of Cla;. a;) +
o =1

mwm.,m

o=

Clas,a;) are the elements of the covariance matrix
determined in the QCD analysis at the input scale Q3.

— Al what is needed are the gradients 8f/da; w.r.t. the
parameters a;. They can be calculated analytically at
the input scale Q2. Their value at Q? is then given
by evolution.



Error Propagation in MELLIN-N space

The general form of the derivative of the MELLIN
moment M[f(a)](N) w.r.t. parameter a for complex
values of N is

OM(f (a)](IV)
da
o For Au, and Ad,:

muﬁngv == ﬁbﬁZl H:TQ;.V — \%AZlTQ;nT@L +
¥i(bi +1)
A2+Qe.+.wa.x2+®e.+9+4&ﬂ21 1+a;))

= (@) +Plai+bi+ 1)
Yi(bi +1)
Ops. + b; + CAQ& +b;+1+ J\s.mé.v ’

= F(a) x M[f(@)](V),

Fb:) = ¢bi+1) — y(N+ai+b) -
Q&AZ -1+ Q:D
(N + a; + b)(N +a; + by + vi(N — 1 + ai))
— b+ 1)+ (e +bi+1)
YiGi
+ AQ«. +b; + :AQ;. +b;+1+ )}UQ\D

Note: |
zAgi(z, Q3) = Az (1 — 2)%(1 + 7iz)

Error Propagation in MELLIN-N space
(cont’d)

e For Ay and AG:

1

ﬁﬁdnv =
i

ﬁﬁaﬁ.v = \GA,Z.IH.T@@.V - \%Az.._lqs.;l@a.v
— \Gmgsv + QAQ@ + b; + Hv.

Note:
zAg;(z, @mv = Azl — HVS

with 1(z) = d/dz(log'(z)) the EULER ¢—function.

— The gradients evolved in MELLIN-N space are
then transformed back to z-space and can be used
according to the error propagation equation.

e When fitting Agcp its gradient has to be determined
numerically due to non-linear and iterative aspects in
the calculation of as(Q?%, Agep) :

%.\AHQQN“&WV _ %Aau©mu>+%v — %AHQQNT\V' %v
oA 26

with & ~ 10 MeV.




et

Error Propagation in z-space

The m_\m%m:wm at the input scale Q2 w.r.t. the parameters
of the input densities A

Af; = oha(z, Q2) = miAz® (1 — 2)P(1 + vz + piz?)

in z space are (here given w.r.t. all parameters):

Tk = Ak

@%ﬁwﬁ. = AF@@. 1 %WMU Af;, |
980~ (tog(1-2) - 75 ) i
OAf; z 19T

l.wlqwl N 14 v+ P.aw - T 0 Al
m%ﬂ.w, N H+$M+Pawlw¢W\M Bt

with

Vi@
Blay,b; + 1) |1 4+ ————
Tus it vh +H+©ﬁ.+®mu

1
+ ~vBla;+ =, bi+ 1),
2
and

- .

Error Propagation in z-space (cont’d)

orT

da;

oT
ab;

T
B
T
3ps

[(as) — P(a; + bi + 1)} Blai, bi + 1) X

Yili
14—
m +H+§.+F.

v " TEZFWV ui&+9+wv

v +mm939+‘._.v X

h ViQi

(1 + a; + b;)?
1

wamﬁgm + anu b; + Hv )

[ (b; + 1) — ¥(a; + b; + 1)] B(as, b + 1) X

iGi
14+ ——
A +H+©a.+?

v + T;s +1) —¢(a;i + b+ WL

v l..mﬁQ?@s.l_le x

m Yili
(1 + a; + b;)?
1

xp:B(a; + M,E + 1),

a;
B(ai, b + 1) Ajv )
1 )

1
.Wm@aleu@alTHv .

with B(z) the S—function for complex arguments.

— Both approaches give the same error contours at
the input scale Q3.




Parameter Values at Qf = 4.0GeV?

741 Parameter Fit based on the Asymmetry Data:

Scenario 1
LO NLO

value | error | value | error

AW, Mev [ 203 | 120 | 235 | S8
Thay 0.926 | fixed 0.926 fixed
Ao, 0.197 | 0.013 | 0.294 | 0.035
bu, 2.403 | 0.107 3.167 | 0.212
Vi (*) 21.34 | fixed | 27.22 [ fixed
Ny 20.341 | fixed | -0.341 | fixed
ag, 0.190 | 0.049.| 0.254 | 0.111
ba, 3.240 | 0.884 | 3.420 | 1.332
Y (%) 30.80 | fixed 19.06 | fixed
Neen -0.353 | 0.054 | -0.447 | 0.082
e 0.367 | 0.048 | 0.424 | 0.062
boea (%) 8.51 fixed 8.93 fixed
G 1.281 | 0.816 | 1.026 | 0.554

agc Qmmp + 0.9 Qsea -+ 1.0
b (*) 591 | fixed 551 | fixed

[ x*/NDF 1.02 | 0.90 |

= The parameters marked by (*) have been fitted first

and then fixed since the present data do not constrain
their values well enough.

= Scenario 2 : ag = Qgeq + 0.6 (LO)

4G = Gsea + 0.5 (NLO)

Covariance Matrices at Q2 = 4.0 GeV? - 7 + 1 Parameter Fit - Scenario 1
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Pol. Parton Densities at Q3 = 4.0GeV?

e 7-1 Parameter Fit based on the Asymmetry Data:

s © = 2
X} ta = in
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= Yellow error band:

error propagation at the input scale Q3.
— Dark dotted line: Unpolarized Parton Distribution
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e 7--1 Parameter Fit based on the Asymmetry Data:
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The Polarized Gluon at Qs =50 GeV Evolution of Polarized Parton Densities

e 7-+1 Parameter Fit based on the Asymmetry Data:
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Evolution of Polarized Parton Densities

o 7+1 Parameter Fit based on the Asymmetry Data:
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* 741 parameter NLO fit: AL p = as(M3)

>ch o Scenario 1 Scenario 2
[Gev] value | error value | error

FS/RS=1.0/1.0 0.235 | £ 0.053 || 0.240 4+ 0.060

FS/RS=05/1.0 | 0.188 | —0.047 0.195 | - 0.045
FS/R5=2.0/1.0 | 0.296 | + 0061 0.298 | + 0.058

FS/Ro=10/05 | 0.349 | + 0114 0.363 | + 0.123
FS/R5=10/2.0 | 0.174 | ~0.061 0.174 | — 0.066

e Sc. L

4+0.004 +0.004 +0.008
as(M2) = 0.113

—0.004 —0.004 —0.005
(fit) (fac) (ren)

4+0.004 +0.004 -+0.008
—0.005 —0.004 —0.006

e Sc. 2
Q%gwu = 0.114

e SMC: 0.121 & 0.002(stat) 0.006(syst + theor)

E154: 0.108 — 0.116 (bad for > 0.120)

+0.004 +0.009
>mﬂm“o.uwoio.oom (exp) _ 0.006 (theor)

— world average (PDG): 0-118 + 0002 (2001)33]
: [Eur.Phys.J. c21
= Hl+ wnozmowww op) +0.0009 ) der) 4 0.0050(thy)
0.115040.0 €TP) _0.0005

Fac. Scheme Invariant Combinations

o Instead of PROCESS-INDEPENDENT SCHEME-DE-
pENDENT Evolution Equations for PARTONS one
may think of PROCESS-DEPENDENT SCHEME-IN-

DEPENDENT Evolution Equations for OBSERVABLES,
Fa, Fp.

= The input densities are measured! Control over
the input directly.
= No AG—-Ansatz necessary.

= A one parameter fit only — Agcp-

Evolution Equations : [J. Biiimlein, V. Ravindran, and W. L. van
Neerven, Nucl. Phys B586 (2000) 349.]

9 (FY\_ 1( Ky KY5\(FX
g\ FY ) a4\ Kga. K& Fg
evolution variable : 9 a AQNV
t=——log | —=3

0 a%@&

— The evolution kernels K71 are also Physical Quanti-

ties) The Factorization Scheme Independence holds
order by order.

The Renormalization Scale Dependence disappears
only with more higher orders.

— A possible choice: F4 = g; and Fg = 8g:/0t.
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System
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Next-to-Leading Order [W. Furmanski

and R. Petronzio,

Z. Phys. C 11 -(1982) 293]
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Kpt) = Nmmﬁ =0
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e
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b dxg¥(x)/dt — NLO
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'Prediction’ of Moments

QCD Scemario 1

omparison of Moments

QCD Scemario 1 lattice results

Af n moment QCDSF LHPC/

at Q2 = 4 GeV? SESAM
Au, -1 0.926 &+ 0.071 | 0.889(29) | 0.860(69)
0 0.163 &+ 0.014 0.198(8) | 0.242(22)
1 0.055 £+ 0.006 0.041(9) | 0.116(42)
Ad, _1 | —0.341 +0.123 | -0.236(27) { -0.171(43)
0 | —0.047 +0.021 | -0.048(3) | -0.029(13)
1 | —0.015+ 0.009 | -0.028(2) | 0.001(25)
Au-Ad | -1 1.267 £0.142 | 1.14(3) | 1.031(81)
0 0.210 &+ 0.025 0.246(9) | 0.271(25)
1 0.070 & 0.011 0.069(9) | 0.115(49)

n value value out of
at Q=4 GeV? measured range
Au | -1 0.851 4 0.075 0.152|4E—4
0 0.160 £ 0.014 SE—4|3E—4
1 0.055 £ 0.006 1E-5|3E—4
2 0.024 4+ 0.003 0{3E—4
Ad -1 —0.415 4 0.124 -0.144|-TE—5
0| —0.050£0.022 | -TE—4|-6E—5
1| —0.015+0.009 | -1E—5[-5E—5
2 | —0.006 £ 0.005 0|-56E—5
Ag | -1 | -0.074+0.017 -0.04]0
0| -0.00340.001 -2E—4]0
1| —4E—4 X 1E-4 0|0
2 | ~8E—5+2B-5 0|0
AG | -1 1.026 £ 0.549 0.04|1E—5
0 0.184 = 0.103 5E—4|1E-5
1 0.050 + 0.028 1E-5|1E-5
2 0.017 £+ 0.010 O|1E-5

— Taf(Q?) = [y 2" Af(z, Q%)dz

Lattice simulation: Scale p2 = 1/a® ~ 4GeV?. For
the n = 0,1 values of the QCDSF Coll. no continuum
extrapolation was performed.
[Refs: M.Gockeler et al., QCDSF Coll., Phys.Rev. D53 (1996) 2317; Phys.Lett.
B414 (1997) 340; hep-ph/9711245; Phys.Rev. D63 (2001) 074506; S.Capitani
et al., Nucl.Phys.(Proc. Suppl.) B79 (1999) 548; 5.Giisken et al., SESAM Coll,,
hep-lat/9901009; D.Dolgov et al., LHPC and SESAM Coll,, :m?_mn\omowomu._




M.DETHOLD, W.KELNITCHOUK, AW THOTAS

hog-tat /o306004

0.40

0.30

)i M B ﬁf ¥

g T

v 0.20

010 o2 04 08 08 10 12

mZ
0.15

ot ———t.
e

<x?>,_
o
S

&

00 oz 04 06 08 10 12
mZ
0.08
0.06
. |
: [ 1] 11
{f 0.04 5 =
5 ERNEN B
0.02
0.00 .
00 0z 04 06 08 .-10 12

m2

I
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Comparison of Moments (2)

BB Scenario 1 AAC | GRSV | ABFR
Ay, 0.926 +0.071 | 0921 | 0928 | m, =
Ad, | —0.341+0.123 | -0.341 | -0.342 0.692
A 0.851+£0.075 | 0859 | 0.840 | mag=
Ad | —0.415+0.124 | -0.404 | -0.430 | -0.418
A | —0.074+0.017 | -0.063 | -0.088
AG 1.026 +=0.549 | 0.683 | 0.808 | 1.262

Comparison of the first moments of the polarized parton
densities in NLO in the MS scheme at @Q?
for different sets of recent parton parameterizations.
For the ABFR-analysis the values 7,4 are the first
moments of Au + AT and Ad + Ad, respectively, and
As + A5 = —0.081.

4 GeV?




-Conclusions

e AN LO AND NLO QCD ANALYSIS OF THE CUR-
RENT WORLD-DATA OF POLARIZED STRUCTURE

FUNCTIONS WAS PERFORMED.

e NEW PARAMETRIZATIONS OF THE PARTON DENSI-
TIES INCLUDING THEIR FULLY CORRELATED lo
ERROR BANDS WERE DERIVED. THEY ARE AVAI-
LABLE VIA A FAST FORTRAN PROGRAM FOR THE

RANGE:

| GeV? < Q2 < 10° GeV? anD 107° <z < 1.

e THE FOLLOWING VALUES FOR QMA?@V WERE
OBTAINED:

— SCENARIO 1: .
2 +0.004 +0.004 +0.008
as(M2Z) = 0113 oo (88) Zgiooa (B89 —0.005 (ren) ,

— SCENARIO 2:
40.004 +0.004 +0.008 ooy

as(MZ)y =0.114 " oo () 5004 (fac) g 006

COMPATIBLE WITH RESULTS FROM OTHER QCD
ANALYSES AND WITH THE WORLD AVERAGE.

Conclusions (cont’d)

e FIRST STEPS IN A FACTOR. SCHEME INVARIANT
QCD EVOLUTION BASED ON THE STRUCTURE
FUNCTION ¢ ..+ (J=) AND gy ()7} i) log (J° WERE
PERFORMED YIELDING SIMILAR RESULTS FOR
ng%wv.

SUCH AN ANALYSIS IS A VERY PROMISING WAY
TO PROCEED IN THE FUTURE, SINCE IT ALLOWS
TO EXTRACT >OOO FINING ALL THE INPUT
DISTRIBUTIONS BY DIRECT MEASUREMENT.

e COMPARING THE QCD 1OW MOMENTS WITH
VALUES FROM LATTICE SIMULATIONS THE ERRORS
IMPROVED DURING RECENT YEARS AND THE
VALUES BECAME CLOSER. THE CHIRAL EXTRAPO-
LATION m2 — () SEEMS TO BE FLAT. HOWEVER,
MORE WORK HAS YET TO BE DONE IN THE FUTURE
ON SYSTEMATIC EFFECTS AND EVEN MORE
PRECISE EXPERIMENTAL DATA ARE WELCOME TO
IMPROVE PRECISION.

e THE EVANESCENT SPIN PUZZLE LEAD TO
BOTH A MUCH DEEPER EXPERIMENTAL
AND THEORETICAL UNDERSTANDING OF
THE NUCLEON AT SHORT DISTANCES, AND,
HOPEFULLY WILL IN THE FUTURE.



