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Polarized Structure Function g;(z)

e Quark Parton Model (LO):
1
g1(@) =5 > el [Agi(z) + Ag,()]
i=1

Agi(z) = (¢ () —q (),

qj(_) is the quark density with helicity aligned(anti-
aligned) to the helicity of the parent nucleon
(for Ag,(x) accordingly)

e QCD Improved Quark Parton Model (NLO):

1 /1 n
gz, Q%) = §<n_fzz_:fl e§> [6Cs ® AT

+0C6 @ AG + 6Cns @ AgN?]

The symbol ® denotes convolution w.r.t. x of the
polarized parton densities Agq;(x, Q%) with the Wilson
coeffient functions 6C;(z, as(Q?)):

f(z) ® g(x) = / diy / d228(x — 2122) f (21)g(22)



Polarized Structure Function g;(z)

— Singlet Polarized Quark Distribution :
ny
AS(z,Q%) =) Atgi(x, Q%)
1=1
with

ATgi(x, Q%) = [Agi(z, Q%) + AT;(x, Q(2)]

— Polarized Gluon Distribution : AG(z, Q?)

— Non-Singlet Polarized Quark Distribution :

nf

> < ~ny > e > Atqi(z, Q?)

AgVF (2, Q%) == e
L5
e Forny =3(u,d,s,i,d,3):
AY = (Au+ Au)+ (Ad+ Ad) + (As + A3)
3 1
NS —
Ay = +(_>ZAQB + ZAQS
with
Az = (Au+ Au) — (Ad + Ad)

Agg = (Au+ Au)+ (Ad+ Ad) — 2(As + A3)



Evolution Equations

e Evolution Equations to go from Q3 to Q? (t = InQ?)

— for AX and AG:

i 2oen ) = 50 (

— for Ag™V7:
d = ns as(t) NS
—A t) = A t
dt (@) 27 ©Aq (2, 1)
with the polarized splitting functions.

e The polarized Wilson coefficient functions
6C;(x, a,(Q?)) and the polarized splitting functions
are known in the M S scheme up to
O(Oz?) [E.B. Zijlstra and W.L. van Neerven, Nucl. Phys. B417(1994) 61,

R.Mertig and W.L.vanNeerven, Z.Phys.C70(1996)637, W.Vogelsang,
Phys. Rev. D54 (1996) 2023 ]

NLO QCD Analysis: Determination of Agcp and
the Parton densities with Errors.



Parametrization

e General choice for the parametrization of the polarized
parton distributions at Qj:

eAgi(z, Q) = miAiz® (1 — )b (1 + iz + pia?)

e Normalization:

_ 7 F(CLZ)F([)Z + 1)
AL = (14— "

! < +7az‘+bi+1> ['(a; + b; + 1)
N 'I’(ai +0.5)0'(b; + 1)

pi F(ai + b; + 1.5)

such that

1
/ dxAg;(z,Qg) = i
0

are the first moment of Ag;(x, Q3)

e The polarized parton distributions to be fitted are:

Au, | , AG

where the index v denotes the valence quark.
Note that: Ag + Ag = Aqy, + 2Ag.



Choice of Parameters

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

Nu, and 1y, determined from F and D the SU(3)
parameters involved in the matrix elements describing
the neutron and hyperon (3-decays:

Nuy = 2F = 0.926 ; g, = F — D = —0.341

e Flavor symmetric sea assumed

e No assumption made concerning positivity and
helicity retention

e For u, and d, : py, = pa, =0
e For the gluon : v7¢ = pg = 0 (Gluon A)
e For the sea : 7; = p; = 0 (Sea A)

e The normalizations of the different data sets against
each other were fitted and fixed afterwards
e The remaining 12 parameters to be determined are:
Aty Gy, by s Yu D ad , ba , Vd
:UQ1afcj1bq AG:nG1a’G1bG

Note:
| . 1
rAgi(x, QF) = niAix® (1 — )" (1 + vix + pix?)



The World Data: g;/F;(x,Q?) or Ay(z, Q%)

Published Experimental Data above Q? = 1.0 GeV'?

Experiment | type x—range Q’—range AN | # data

[GeV?] [70] points
E143 g1/F; | 0.027-0.749 | 1.17 - 9.52 3.7 82
HERMES | ¢1/F; | 0.028-0.660 | 1.13-7.46 | 3.0 39
E155 g1/F; | 0.015-0.750 | 1.22-3472 | 7.6 24
SMC Aq 0.005-0.480 | 1.30-58.0 4.0 59
EMC Aq 0.015-0.466 | 3.50-295 | 14.0 10
proton 214
E143 g1/Fy | 0.027-0.749 | 1.17 - 9.52 4.9 82
E155 g1/F; | 0.015-0.750 | 1.22-34.79 | 4.0 24
SMC Aq 0.005-0479 | 1.30-5438 4.0 65
deuteron 171
E142 Aq 0.035-0.466 | 1.10-5.50 3.0 28
HERMES Aq 0.033-0.464 | 1.22-5.25 3.0 9
E154 A 0.017-0.564 | 1.20-15.0 3.0 11
neutron 48
total 433

[P = ! A where ~* = Q*/v*
gi/ 1 = 1+ 2) 1 Y
_ 1+
"T2z(1+R)

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




The World Data: gl(x,QQ)

Published Experimental Data above Q? = 1.0 GeV?

Experiment x-range Q*-range AN | # data

[GeV?] [70] points
E143 0.031 - 0.749 | 1.27-9.52 3.7 28
HERMES 0.028 - 0.660 | 1.13 - 7.46 3.0 39
E155 0.015-0.750 | 1.22-3473 | 7.6 24
SMC 0.005-0.480 | 1.30-58.0 4.0 12
proton 103
E143 0.031 - 0.749 | 1.27-9.52 4.9 28
E155 0.015-0.750 | 1.22-34.79 | 4.0 24
SMC 0.005-0.479 | 1.30-54.38 4.0 12
deuteron 64
E142 0.035-0.466 | 1.10-5.50 3.0 8
HERMES 0.033-0.464 | 1.22-5.25 3.0 9
E154 0.017 -0.564 | 1.20-15.0 3.0 17
neutron 34
total 201




Parameter Values at Q3 = 4.0 GeV?

8+1 Parameter Fit based on the Asymmetry Data:

Parameter LO NLO
value error value error
N, 0.926 fixed 0.926 fixed
oy, 0.209 0.034 0.331 0.078
by, 2.417 0.205 3.257 0.344
Y, 21.34 | fixed (*) || 27.22 | fixed (*)
-0.341 fixed -0.341 fixed
0.125 0.077 0.175 0.119
3.091 1.441 3.852 1.835
38.50 | fixed (*) || 22.95 | fixed (*)
-0.431 0.142 -0.461 0.133
0.338 0.265 0.493 0.364
4.98 | fixed (*) 5.82 | fixed (*)
le 1.182 0.704 0.887 0.642
agG 2.219 1.024 1.674 0.887
e 4.65 | fixed (*) || 4.91 | fixed (*)
x* / NDF 0.99 0.92

= The parameters marked by (*) have been fitted first
and then fixed since the present data do not constrain
its values well enough.
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Pol. Parton Densities at Q3 = 4.0 GeV?
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e 8-+1 Parameter Fit based on the Asymmetry Data:
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propagation at the input scale Qg.
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Pol. Parton Densities at Q3 = 4.0 GeV?

e 8-+1 Parameter Fit based on the Asymmetry Data:

propagation at the input scale Qg.
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Comparison with measured z¢}(z)

0.09
: % @§X§
0.08 | T
007 | NLO (BB) *
006 | oo NLO (AAC)
005 | NLO (GRSV)
- (curves at Q% = 4.0 GeV?)
0.04 |-
| ® Data:

0031 @°=3050GeV
0.02

0.01

0 foorees P SO PPN
_001 -3 L -2 Lo _l [
10 10 10 1
X
= Yellow error band: Fully correlated 1o Gaussian error

propagation at Q% = 4.0 GeV?.



p

gy (z) versus ?
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gy (z) versus ?

glp(x,Q%)
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gy (z) versus ?
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Evolution of Polarized Parton Densities

e 8-+1 Parameter Fit based on the Asymmetry Data:
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= Yellow error band: Fully correlated 1o Gaussian error
propagation through the evolution equation.
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Evolution of Polarized Parton Densities

e 8-+1 Parameter Fit based on the Asymmetry Data:
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Evolution of Polarized Parton Densities

e 8-+1 Parameter Fit based on the Asymmetry Data:
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Evolution of Polarized Parton Densities

e 8-+1 Parameter Fit based on the Asymmetry Data:
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841 parameter NLO fit: AS%D = a(M3)

Aben Al gl
[Gev] value error value error

FS/RS=1.0/1.0 | 0.241 | + 0.058 || 0.241 | + 0.062

FS/RS=0.5/1.0 | 0.197 | —0.044 |[ 0.193 | - 0.048
FS/RS=2.0/1.0 | 0.306 | + 0.065 || 0.306 | + 0.065

FS/RS=1.0/0.5 | 0.358 | + 0.117 || 0.348 | 4 0.107
FS/RS=1.0/2.0 | 0.183 | —0.058 0.183 | — 0.058

o Al:
. 40.004 +0.005 +0.008
as(Mg) =0.114 _'00s 0,004 —0.005
(fit) (fac) (ren)

o gl:

+0.004 +40.005 +40.007

2 JE—
as(Mz) =0.114 _ g 005 0004 —0.005

e SMC: 0.121 4+ 0.002(stat) £ 0.006(syst + theor)

E154: 0.108 — 0.116 (bad for > 0.120)
ABFR: +0.004 +0.009
0.120 —0.005 (exp) —0.006 (theor)

world average (PDG): 0.118 4+ 0.002



Fac. Scheme Invariant Combinations

e Instead of PROCESS-INDEPENDENT SCHEME-DE-
PENDENT Evolution Equations for PARTONS one
may think of PROCESS-DEPENDENT SCHEME-IN-
DEPENDENT Evolution Equations for OBSERVABLES,
Fy, Fg.

= The input densities are measured! Control over
the input directly.

= No AG-Ansatz necessary.

= A one parameter fit only — Agcep.

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

O (FY\_ _1( Ky, KN\ (EY
i\ Fy )T Ta\ KN, kN, )\ FR
evolution variable : a, (QQ)
t_‘_1°g< (@ >>
0

— The evolution kernels K%, 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 = g1 and Fg = 0g,/0t.
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wgf [0t(x, Q%) and shift of AL,
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. @2 =10 000 GeVv?

........... Q* = 100 GeV?
Q* = 10 GeV?
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AGLp :0.241==0.229 , a,(M3):0.114=0.113



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 ERRORS WERE DERIVED.
THEY ARE AVAILABLE VIA A FAST FORTRAN PRO-
GRAM FOR THE RANGE:

1 <Q?<10% GeV? AND 1074 < 2 < 1.

e THE FOLLOWING RESULTS FOR Agcp AND o (M%)
WERE OBTAINED (841 PARAMETER FIT):

(4) 465 +117
AQCD = 241 + 58 (fit) a4 (fac) 53 (ren)
2\ _ +0.004 +0.005 +0.008
as(Mz) =0.114 0.005 (fit) —0.004 (fac) 0.005 (ren)

e FIRST STEPS IN A FAC. SCHEME INVARIANT QCD
EVOLUTION BASED ON THE STRUCTURE FUNCTION
g1(z, Q%) AND 9g1(x, Q?)/0log Q* WERE PERFOR-
MED YIELDING SIMILAR RESULTS FOR a4(M%).

e THE LATTER ANALYSIS IS A VERY PROMISING
WAY TO PROCEED IN THE FUTURE, SINCE IT
ALLOWS TO EXTRACT AQCD FIXING ALL THE
INPUT DISTRIBUTIONS BY DIRECT MEASUREMENT.



