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Polarized Structure Function ¢g;(z)

e Parton Model (LO):

Ze Ag;(x +AQ1,( )]

Agi(z) = (¢ (2) — ¢ (),

e

;L( ) are the quark density with helicity aligned(anti-

aligned) to the helicity of the parent nucleon

e QCD Improved Quark Parton Model (NLO):
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2 = —\|— E 2 f; Fo &/
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The symbol ® denotes convolution w.r.t.  with the
Wilson coeffient functions 6C;(z, s (Q?)):
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Polarized Structure Function ¢1(x)

— Singlet Polarized Quark Distribution:
?’3_'3"

AS(2,Q%) = S Atq(z,QY)

gz

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

— Non-Singlet Polarized Quark Distribution :
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Evolution Eguations

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

— for &% and AG:
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with 25 /%, {x} the polarized splitting functions.

e The polarized Wilson coefficient functions
60 (ar: aq(Q )) and the polarized splitting functions

o
o T3
iy

¢, {43713 are known in the M S scheme up to

O(Oé?) [E B. Zulstra and W.L.van Neerven, Nucl. Phys. B417 (1994) 61,

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

General choice for the parametrization of the polarized
parton distributions

at QZ:
2Agi(z, Q%) = i Az (1 — 2)Vi(1 + vz + pix?)

Normalization:

_ : T'(b; + 1)
A']_ — 1 ; Ay (a"fr)
’ ( +7ai+bi+1) [(a; +b; +1)
I'(a; +0.5)'(b; + 1
L+ 050+ 1)
P(a?;+b,,;+1.5)

such that

1
/ dxAgi(w, Q%) = m
0

are the first moment of Ag;(z, Q3)
The polarized parton distributions to be fitted are:
Ay, , &Sd, , 48, AG

where the index v denotes the valence quark
Note that: Aqg + AF = Agy + 244




Choice of Parameters

SU(3) flavour symmetry assumed

N, and 7ng, determined from F and D the SU(3)
parameters involved in the matrix elements describing
the neutron and hyperon (§-decays:

My = 28 = 4.826 ,nq, = F — D = {1341

Flavor symmetric sea assumed

Au(z, QF) = Ad(z, QF) = As(z, QF) = Ag(x, Q)
No assumption made concerning positivity and
helicity retention

For u, and dy, : py, = pag, =0

For the gluon : v¢ = pg = 0 (Gluon A)

For the sea : 7 - pgs =0 (Sea A)

The normalizations of the different data sets against

each other were fitted and fixed afterwards

The remaining 12 parameters to be fitted are then:
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ata: gl(ﬂ% Qz)

Published Experimental Data above Q% = 1.0 GeV?

# data

Experiment x-range Q*-range AN
[GeV?] [%] points
E143 0.031-0.749 | 1.27-952 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 | 1.22-3479 | 7.6 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 3
HERMES 0.033-0.464 | 1.22-5.25 5.0 9
E154 0.017-0564 | 1.20-15.0 3.0 17
neutron 34
total 201

(*): PhD Thesis G. S. Mitchell, 10% normalization correction in

addition




The World Data: g;/Fi(z,Q?) or A;(z,Q?)

Published Experimental Data above Q? = 1.0 GeV?

Experiment | type x—range Q?-range AN | # data
[GeV?] [%] points

E143 gl/F1 | 0.027 -0.749 | 1.17 - 9.52 3.7 82

4 HERMES gl/F1 | 0.028-0.660 | 1.13-7.46 3.0 39
| E155 gl/F1 | 0.015-0.750 | 1.22-34.72 | 7.6 24
SMC Al 0.0056-0.480 | 1.30-58.0 4.0 59
EMC Al 0.015-0.466 | 3.50-295 | 14.0 10
proton 214
E£143 gl/F1 | 0.027 - 0.749 | 1.17 - 9.52 4.9 82
E155 gl/F1 | 0.015-0.750 | 1.22-3479 | 7.6 24
SMC Al 0.005-0.479 | 1.30-54.8 4.0 - 65
deuteron 171
"E142 Al 0.035-0.466 | 1.10 - 5.50 3.0 28
HERMES Al 0.033-0.464 | 1.22-5.25 5.0 9
E154 Al 0.017-0.564 | 1.20-15.0 3.0 11
neutron 48
total 433







Parameter Values at Q3 = 4.0 GeV?

8 Parameter Fit based on Al(gl/F1) Data:

Parameter LO NLO
value error value error
Thi, 0.926 fixed 0.926 fixed
Gy, 0.176 0.024 0.292 0.064
Bare, 2.479 0.193 3.326 0.333
Ve 21.34 | fixed (*) || 27.22 | fixed (¥*)
7, -0.341 fixed -0.341 fixed
0.116 0.059 0.122 0.083
” 2.575 1.089 2.818 1.270
38.50 | fixed (*) || 22.95 | fixed (*)
-0.533 0.203 -0.580 0.126
0.274 0.200 0.472 0.271
_ 4.98 | fixed (*) || 5.82 | fixed (¥)
e 1.663 0.778 1.167 0.593
ac 2.094 0.813 1.662 0.694
be: 4.65 | fixed (*) || 4.91 | fixed (*)
x* / NDF 0.91 | 0.85

=> The present data do not constrain the parameters
marked by (*) well enough




Parameter Values at Q3 = 4.0 GeV?

7 Parameter Fit based on A1(g1/F'1) Data:

Parameter LO NLO
value error value error
T, 0.926 fixed 0.926 fixed
o 0.132 0.011 0.252 0.044
b, 2.471 0.132 3.260 0.272
Ve 30.60 | fixed (*) || 29.01 | fixed (*)
-0.341 fixed -0.341 fixed
i, 0.141 0.032 0.124 0.065
£ g by, + 1 by, +1
45.33 | fixed (*) || 43.50 | fixed (*)
1 -0.480 0.053 -0.549 0.143
(i 0.225 0.027 0.415 0.269
by 5.14 | fixed (*) || 6.87 | fixed (*)
NG 1.647 | 0659 | 1.122 | 0.560
ac 2.106 0.722 1.614 0.705
bey 4.98 fixed (*) 4.98 fixed (*)
x* / NDF 0.91 0.86

= The present data do not constrain the parameters

marked by (*) well enough
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Pol. Parton

Densities at QF = 4.0 GeV*

e 8 Parameter Fit based on Al(gl1/F1) Data:
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=> Yellow error band: Gaussian error propagation with
fully taking into account the parameter correlations.
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ies at Q(% — 4 {} GBE/B

e 8 Parameter Fit based on A1(g1/F'1) Data:
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=> Yellow error band: Gaussian error propagation with
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Pol. Parton

ensit

ies at Q3 = 4.0 GeV?

o 7 Parameter Fit based on A1(g1/F1) Data:
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=> Yellow error band: Gaussian error propagation with
fully taking into account the parameter correlations




Pol. Parton

ensities at Q% = 4.0 GeV?

e 7 Parameter Fit based on A1(gl/F1) Data:
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g} (z) versus (Q?

4
i 0.004<x<0.01(+3.00)
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gy (x) versus Q*

glp(x,0°)
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4

8 parameter fit

ASL Al gl
VALUE ERROR VALUE ERROR
FS/RS=1.0/1.0 | 0.235 | & 0.060 || 0.242 | + 0.067
FS/RS=0.5/1.0 | 0.185 | —0.050 || 0.193 | - 0.049
FS/RS5=2.0/1.0 0.293 + 0.058 0.318 + 0.076
FS/RS=1.0/0.5 | 0.330 | + 0.095 || 0.349 | + 0.107
FS/RS=1.0/2.0 | 0.175 | —0.060 || 0.187 | — 0.055
SYST. ERROR -+ 0.121 + 0.130
— — 0.077 — 0.084
Al:, . 0.004 0.004 0.007
* G(M}) =0.113 fO’OOB (exp) fO’OM (fac) fg_m (ren)
* gl: 0.005 -0.005 +0.008
aq(M%) = 0.114 i(}.OO; (exp) __}0.004 (fac) EO.OOS (ren)
o SMC: 0.121 4= 0.002(stat) & 0.006(syst + theor)
B84 0.108 — 0.116(> 0.120 bad)
| 0.120 TO-00% o py T0-009 o
ABFR: T4 —0.005 P/ _0.006

WORLD AVERAGE:
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Parton

o 8 Parameter Fit based on Al(g1/F1) Data:
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Evolution of Polarized Parton

e 8 Parameter Fit based on A1(g1/F1) Data:
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Evolution of Polarized

Parton
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ities

e 3 Parameter Fit based on A1(g1/F1) Data:
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e 8 Parameter Fit based on Al(g1/F1) Data:
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7. Conclusions

e A NLO QCD ANALYSIS OF THE CURRENT WORLD-

STATISTICS OF POLARIZED STRUCTURE FUNCTIONS WAS
PERFORMED.

NEW PARTON PARAMETRIZATIONS, INCLUDING THOSE OF
THE IJRROKS OF THE PARTON DENSITIES, WERE DERIVED.
THEY ARE AVAILABLE IN FORM OF FAST FORTRAN PROGRAMS
FOR THE RANGE 1 < Q% < 10%® GeV? aND 1072 < z < 1.

THE FOLLOWING RESULTS FOR Aqcp AND ay(MZ) WERE
OBTAINED (9-PARAMETER FIT):

{43 e ABE R 4181
A s R A B {ewen) ' Foyr £ oy )
i {_éifﬁ:} 255 \:‘f{,} (RS Y " :}.iﬁ? Fos \,} . .?'5} i\,‘?i"‘g;‘_}
@ IR AL 3§24 T L RO04 L S0 0nY .
xR AESY e (U113 o HomD . TN e Aren
s(Mz) = 0318 aoos P gang (BT o aae (ven)
’

FIRST STEPS IN A SCHEME-INVARIANT QCD
EVOLUTION BASED ON THE STRUCTURE FUNCTION
o1{z, Q%) AND 8g,(x, Q%) /0 1og Q? WERE PERFORMED
YIELDING SIMILAR RESULTS FOR as(M2).

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 RIRECT MBASUREMENT.
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