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‘Spin Structure of the Proton I

[] Proton structure investigated via short-wavelength

virtual photons emitted by incident (E k)
high energetic leptons: as in (E, K)
|

Deep Inelastic Scattering
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‘Spin Structure of the Proton I

[] Proton structure investigated via short-wavelength

virtual photons emitted by incident (E k)
high energetic leptons: as in (E, K)
|

Deep Inelastic Scattering

L[] Polarized DIS gives access to
polarization of proton constituents

S =3 =1AS+AG+ LY+ LY
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‘Spin Structure of the Proton I

[] Proton structure investigated via short-wavelength

virtual photons emitted by incident (E k)
high energetic leptons: as in (E, K)
|

Deep Inelastic Scattering

L[] Polarized DIS gives access to v
polarization of proton constituents

S =3 =1AS+AG+ LY+ LY

This analysis:
= all quarks spin: AY = Au+ At + Ad + Ad+ As + As
—> strange-quark spin:  AS = As + As

= gluon spin: AG RUN | data: 1996-2000
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‘Spin Structure of the Proton I

[] Proton structure investigated via short-wavelength

virtual photons emitted by incident (E k)
high energetic leptons: as in (E, K)
|

Deep Inelastic Scattering

L[] Polarized DIS gives access to v
polarization of proton constituents

S =3 =1AS+AG+ LY+ LY

This analysis:

= all quarks spin: AY = Au+ At + Ad + Ad+ As + As
—> strange-quark spin:  AS = As + As

= gluon spin: AG RUN | data: 1996-2000
[] Relevant variables used in this analysis:
- Q*=—¢=—(k—F) -z Ty
v 2 E—F — 22 Bhua)v
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‘The HERMES Experiment at DESY I
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[] Gas storage target cell: longitudinally polarized H & D with P, ~ 80%
[] Forward spectrometer: 40 mrad < 6 < 220 mrad
L] Tracking chambers: = dp/p ~ 2%, 60 < 1 mrad
(1 PIDs: e/h separation efficiency > 98%, 7 /K= /pID: 2 < p < 15 GeV

Riccardo Fabbri HADRONO7, 11 Oct. 2007 Spin at HERMES -p3



Riccardo Fabbri

Inclusive Spin Structure Function
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Inclusive Spin Structure Function g4

L] Polarized SF ¢y as atool to investigate quark longit. polarization
= polarized counterpart of unpolarized  F7:

Fi(z,Q* =1 D ez |q(x, Q%) + q(z, Q?)], q(x): quark number density

g1(z,Q%) = 33, 2[Aq(z,Q%) + Aq(z,Q%)].  Aqlz) = q(z)™ —q(z)~
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Inclusive Spin Structure Function g4

L] Polarized SF ¢y as atool to investigate quark longit. polarization
= polarized counterpart of unpolarized  F7:

Fi(z,Q* =1 D ez |q(x, Q%) + q(z, Q?)], q(x): quark number density

g1(z,Q%) = 33, 2[Aq(z,Q%) + Aq(z,Q%)].  Aqlz) = q(z)™ —q(z)~
[] How to access ¢;?

= consider asymmetry A” for inclusive process TN~ — et X
(both beam and target longitudinally polarized):

IN IN
Ay — 01/2703/2
— IN IN

H 01/2+03/2
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Inclusive Spin Structure Function g4

L] Polarized SF ¢y as atool to investigate quark longit. polarization
= polarized counterpart of unpolarized  F7:

Fi(z,Q* =1 D ez |q(x, Q%) + q(z, Q?)], q(x): quark number density

g1(z,Q%) = 33, 2[Aq(z,Q%) + Aq(z,Q%)].  Aqlz) = q(z)™ —q(z)~
[] How to access ¢;?

= consider asymmetry A” for inclusive process TN~ — et X
(both beam and target longitudinally polarized):

IN IN
Ay — 01/2703/2
— IN IN

H 01/2+03/2

91(2, Q%) = D1 - [Dy P2 A (2, Q) + Dsga(w, Q%))

NN o~

Kinematic factors
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Inclusive Spin Structure Function g4

L] Polarized SF ¢y as atool to investigate quark longit. polarization
= polarized counterpart of unpolarized  F7:

Fi(z,Q* =1 D ez |q(x, Q%) + q(z, Q?)], q(x): quark number density

g1(z,Q%) = 33, 2[Aq(z,Q%) + Aq(z,Q%)].  Aqlz) = q(z)™ —q(z)~
[] How to access ¢;?

= consider asymmetry A” for inclusive process TN~ — et X
(both beam and target longitudinally polarized):

IN IN
Ay — 01/2703/2
— IN IN

H 01/2+03/2

91(2, Q%) = D1 - [Dy 22U A (2, Q) + Dsga(w, Q%))

N7

world data parameterizations
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Inclusive Spin Structure Function g4

L] Polarized SF ¢y as atool to investigate quark longit. polarization
= polarized counterpart of unpolarized  F7:

Fi(z,Q* =1 D ez |q(x, Q%) + q(z, Q?)], q(x): quark number density

g1(z,Q%) = 33, 2[Aq(z,Q%) + Aq(z,Q%)].  Aqlz) = q(z)™ —q(z)~
[] How to access ¢;?

= consider asymmetry A” for inclusive process TN~ — et X
(both beam and target longitudinally polarized):

IN IN
Ay — 01/2703/2
— IN IN

H 01/2+03/2

91(2, Q%) = D1 - [Dy 22U A (2, Q) + Dsga(w, Q%))

1 g1 can be measured through measured inclusive

A asymmetry!
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¢""" HERMES Results anc

etp” — et X

etd=™ — et X
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L[] Stat. & syst. uncertainties
added in quadrature

[] Stat. uncert. — diagonal
elements of covariance matrix
from Rad.Corr. & Detector
smearing unfolding
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L[] Stat. & syst. uncertainties
added in quadrature

[] Stat. uncert. — diagonal
elements of covariance matrix
from Rad.Corr. & Detector
smearing unfolding
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‘Extraction of g7 for Neutron I

] Using extracted ¢, from proton and deuterium targets:
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gf = 3(1 — Swp) (g7 + g7)

— [)-state correction:
wp = 0.05 £ 0.01

Most precise extraction of g’

(in intermediate x-range)
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Quark Helicity Extraction I
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Quark Helicity Extraction I

(] Ellis-Jaffe integrals: 'V (Q?) = 01 g

= (1 (:1:, Q2) points evolved to common
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(z,Q%) dx

Q5 = 5 GeV?
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Quark Helicity Extraction I

(] Ellis-Jaffe integrals: 'V (Q?) = 01 @ (x, Q%) dw
= g1(z, Q2) points evolved to common Qg = 5 GeV?
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L] Ellis-Jaffe integrals:
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Quark Helicity Extraction I

(@) =

= (1 (:1:, Q2) points evolved to common

o H )

TaszZ
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L g (@, Q) da

Q5 = 5 GeV?
Df£'9 gl dx saturates for x < 0.06

0.9
= [y oo 91(2,Q?) dw ~ T{

OTT" = 55 [4ag & 3a3 + as]
ao ]\iS AY
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Quark Helicity Extraction I

L g (@, Q) da

Q5 = 5 GeV?
Dfa?'g gl dx saturates for x < 0.06

0.9
= [y oo 91(2,Q?) dw ~ T{

OTT" = 55 [4ag & 3a3 + as]

ao ]\iS AY

OAY =9T7/(1 — 2wp) — as/4

Only 1 ext. input from hyperon

SU(3)

O-decay: ag = 0.586 £ 0.031

(] Ellis-Jaffe integrals: 'V (Q?) =
= g1 (:1:, Q2) points evolved to common
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Quark Helicity Extraction I

(] Ellis-Jaffe integrals: 'V (Q?) = 01 @ (x, Q%) dw
= g1(z, Q2) points evolved to common Qg = 5 GeV?

0.16 0.9
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N S -X Y Only 1 ext. input from hyperon
_ L zEXT SU(3)
oo02f . rIE ¥ = O-decay: ag = 0.586 £ 0.031
X  [IPrecise measurement of AX:
AY = 0.330 £ 0.025(exp) £ 0.011(theo.) £ 0.028(eval.) at NNLO (O(a%))
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Extraction of the Strange-Quark Helicity I

] Using ¢; data + observed Fcf saturation:
= As+ As=1/3"(ag — ap)
= | As + As = —0.085 =+ 0.008 = 0.0013 £ 0.009 Q% = 5.0 GeV?|
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Extraction of the Strange-Quark Helicity I

] Using ¢; data + observed Fil saturation:
= As+ As=1/3"(ag — ap)
= | As + As = —0.085 =+ 0.008 = 0.0013 £ 0.009 Q% = 5.0 GeV?|

+ +
[] Using semi-inclusive A71T K asymmetry data + 'Purity’ method

— HERMES 5-flavour extraction of quark polarization [ PRD71 012003 (2005)
= Au/u, Ad/d, Au/a, Ad/d, As/s; only assumption: A5/5 = 0

—> CTEQS5L PDFs; JETSET tuned to HERMES multiplities

= | As = 0.028 + 0.033 + 0.009 [0.023 < x<0.300, Q* =2.5 Gev2]
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Extraction of the Strange-Quark Helicity I

] Using ¢; data + observed Fil saturation:
= As+ As=1/3"(ag — ap)
= | As + As = —0.085 =+ 0.008 = 0.0013 £ 0.009 Q% = 5.0 GeV?|

+ +
[] Using semi-inclusive A71T K asymmetry data + 'Purity’ method

— HERMES 5-flavour extraction of quark polarization [ PRD71 012003 (2005)
= Au/u, Ad/d, Au/a, Ad/d, As/s; only assumption: A5/5 = 0

—> CTEQS5L PDFs; JETSET tuned to HERMES multiplities

= | As = 0.028 + 0.033 + 0.009 [0.023 < x<0.300, Q* =2.5 Gev2]

[] Using inclusive A; and semi-inclusive kaon A{@ + 'Isoscalar Method’
= extract isoscalar As + AS using an isoscalar target: deuterium
—> no dependence on MC; using only CTEQG6 LO unpolarized PDFs
= | As + A5 = 0.006 £ 0.029 + 0.007 0.02 < 2 < 0.60, Q* = 2.5 GeV?]
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Extraction of the Strange-Quark Helicity I

] Using ¢; data + observed Fil saturation:
= As+ As=1/3"(ag — ap)
= | As + As = —0.085 =+ 0.008 = 0.0013 £ 0.009 Q% = 5.0 GeV?|

+ +
[] Using semi-inclusive A71T K asymmetry data + 'Purity’ method

— HERMES 5-flavour extraction of quark polarization [ PRD71 012003 (2005)
= Au/u, Ad/d, Au/a, Ad/d, As/s; only assumption: A5/5 = 0

—> CTEQS5L PDFs; JETSET tuned to HERMES multiplities

= | As = 0.028 + 0.033 + 0.009 [0.023 < x<0.300, Q* =2.5 Gev2]

[] Using inclusive A; and semi-inclusive kaon A{@ + 'Isoscalar Method’
= extract isoscalar As + AS using an isoscalar target: deuterium
—> no dependence on MC; using only CTEQG6 LO unpolarized PDFs
= | As + A5 = 0.006 £ 0.029 + 0.007 0.02 < 2 < 0.60, Q* = 2.5 GeV?]

L] How to reconcile strange quark results between g1 analysis and

semi-inclusive analyses? —> substantial negative polarization at small xT?
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AS from Different HERMES Analyses I

From 'Purity’ analysis:

- X [Au ___,+,___ ! ! e
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Gluon Polarization I
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Gluon Polarization I

[ ] Different extraction methods used
— pQCD fits to g data:
e.g. Leader et al., 2007

[1 Poorly known sofar

0.4

TTT T T L B B R R |

- Q°=2.5GeV’ XAG

0.3 4
—AG>0
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Gluon Polarization I

L] Poorly known sofar

] Different extraction methods used

— pQCD fits to g, data:
e.g. Leader et al., 2007

0.4

T T L | T T L |
2 2

- Q°=2.5GeV

0.3}

—AG>0

XAG

Riccardo Fabbri

— including

[Note: w/o CLAS + new COMPASS data]

0 asymmetry data:

e.g. AAC Call., 2006
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0.8
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Gluon Polarization I
[1 Poorly known sofar

] Different extraction methods used

— pQCD fits to g data: — including 0 asymmetry data:
e.g. Leader et al., 2007 e.g. AAC Call., 2006
[Note: w/o CLAS + new COMPASS data]
0.4 2 .......12 R — 1.4,
a Q =2.5GeV XAG 12| __pis+u(ag>0)
“ ——AG>0 b DISonly
0.8]
{ = 06
R Ub]
2 04 Q*=1Gev?
- bg 02‘
OZ
-0.2:
-0.4
06—
1 0.001 0.01 0.1 1

X

[ Or....
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Gluon Polarization I

L1 Alternatively: access spin observables with direct gluon c ontribution
as in charged hadron prod. in polarized lepton scattering (a t NLO)

Examples of subprocesses involved:

i S

LO DIS QCD Compton PGF

.. + channels involving ~* hadronic wave function
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Gluon Polarization I

L1 Alternatively: access spin observables with direct gluon c ontribution
as in charged hadron prod. in polarized lepton scattering (a t NLO)

Examples of subprocesses involved:

i S

LO DIS QCD Compton PGF

.. + channels involving ~* hadronic wave function

[ Choose proper process to enhance gluon contribution

— detection of high- pr hadrons = this analysis

Riccardo Fabbri HADRONO7, 11 Oct. 2007 Spin at HERMES
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Enhancing gluon contribution I

] Consider the process with veto on scattered lepton in accept ance:

E+p— htX E+d— hTX

= most of our data
= pr defined with respect to beam direction

Riccardo Fabbri HADRONO7, 11 Oct. 2007 Spin at HERMES -pl2



] Consider the process with veto on scattered lepton in accept

Enhancing gluon contribution I

= most of our data
= pr defined with respect to beam direction

[] Using tuned PYTHIA 6.2 simulation:

ance.

e4+p— htX

é’+cf—>hiX

© | o Qcbc A ela./diff. VMD
S 1™ LODIS ¢ low p

= 1 4 PGF ® QCD 2-2(q)
O _

s %% {38 Qcp2-2)

LL a4 4 hab

o 0.6 — -9 R

%, N @

O 1 A2 " N a4

s 0.2 A A - -_g"-\6~&-.:
O ] A B T T
c?) O ; Eﬂ - ‘ [ ‘I—'N?N ‘ I N‘%N%N%‘TN [ |

O 0.250.50.75 1 1.251.51.75 2 2.25
pT(beam) (GeV)
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Enhancing gluon contribution I

[] Consider the process with veto on scattered lepton in accept ance:

E+p— htX E+d— hTX

= most of our data
= pr defined with respect to beam direction

[] Using tuned PYTHIA 6.2 simulation:

. .. B
. ~
7 e - u ~ - .'
.
] > -
o~ 'y "lA--- . -
O o ey ol Y A Y s LI 4 N

NX‘NX

N‘NNNN‘N

© , o Qcbc A~ ela./diff. VMD
o . ¢ low p,

©

LL 0.6

% N

O 0.4

O N :

o 1 A ) _
S 0.2 - A , D&
O

>

0

T‘T‘x‘ |
O 0.250.50.75 1 1.251.51.75 2 2.25

[1 Gluon tagging contributions enhanced at high pT values
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\ Measured Observable I

A — N=L= N L<
I~ NELZ+NFLE

= N ,?:(N hg ) : Nr. hadrons with beam/target helicity (anti)aligned

[1 Consider the experimental asymmetry

= L?:(L;> ) = Luminosity with beam/target helicity (anti)aligned

= L p : Luminosity weighted with beam & target polarization
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\ Measured Observable I

== A=
A= N% = Nh;z =
NELZ+NZLE
= N;=(N;”) : Nr. hadrons with beam/target helicity (anti)aligned

[1 Consider the experimental asymmetry

= L?:(Lg) : Luminosity with beam/target helicity (anti)aligned

= L p : Luminosity weighted with beam & target polarization

E’rellmlnary

p—-hX

F - MG, AGIGZ 1™
01 F— MC, AG/G=0 L
©E - MG ag/G=1 ®_Hermes Data (¢’ ot jn gcc.) |

03 F ed-h"X .k ed - hX

pT(beam)(GeV)
[] Systematics dominated by beam/target pol.uncertainty: 3.9%
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\Extraction of the Gluon Polarization I

[1 Extracted asymmetry expressed in terms of asymmetry by
contributing ¢ subprocesses (DIS, PGF, QCDC, soft & hard VM)

Ajlpr) = ZiEBg R;(pr) - <AT|>(pT) T ZiESg Ri(pr) - <A7|;|>(pT)
= R,;: fraction of ¢-subprocess (from PYTHIA 6.2)
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Extraction of the Gluon Polarization

[1 Extracted asymmetry expressed in terms of asymmetry by
contributing ¢ subprocesses (DIS, PGF, QCDC, soft & hard VM)

Ay(pr) = Yieny Rilpr) - (A1) (pr) + Soes, Rilpr) - (4) (pr)

= R;: fraction of ¢-subprocess (from PYTHIA 6.2)
= (Aﬁ}: average asymmetry of i -subprocess

' Afk . Afi
= w h a!lk 71

k

PYTHIA events Y poI/unpoI PDF

qq, qg, ... Xsec asym. nucleon pol/unpol PDF
—> calculable

Riccardo Fabbri HADRONO7, 11 Oct. 2007 Spin at HERMES
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\Extraction of the Gluon Polarization I

[1 Extracted asymmetry expressed in terms of asymmetry by
contributing ¢ subprocesses (DIS, PGF, QCDC, soft & hard VM)

Ay(pr) = Yieny Rilpr) - (A1) (pr) + Soes, Rilpr) - (4) (pr)

= R,;: fraction of ¢-subprocess (from PYTHIA 6.2)
= (Aﬁ}: average asymmetry of i-subprocess

A = 2k 9 75 T

O Aﬁg = Afrees — Afg M) s extract Ag /g from Aﬁg via
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\Extraction of the Gluon Polarization I

[1 Extracted asymmetry expressed in terms of asymmetry by
contributing ¢ subprocesses (DIS, PGF, QCDC, soft & hard VM)

Ay(pr) = Yieny Rilpr) - (A1) (pr) + Soes, Rilpr) - (4) (pr)

= R;: fraction of ¢-subprocess (from PYTHIA 6.2)
= (Aﬁ}: average asymmetry of i-subprocess

A = 2k 9 75 T

O ASQ a— Afg M) s extract Ag /g from Aﬁg via

I: Factorization Method ( neglect x-dependence of Ag/g)

S 1S AS (@) Agla)\ ., Aglao) Af ()
AT =R o (s, ) Foy 5670 & S B (s, 1) Fp7)
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\Extraction of the Gluon Polarization I

[1 Extracted asymmetry expressed in terms of asymmetry by
contributing ¢ subprocesses (DIS, PGF, QCDC, soft & hard VM)

AYpr) = Sremy Rilpr) - (A1) (1) + Tics, Rilpr) - (A)) (or)
= R;: fraction of ¢-subprocess (from PYTHIA 6.2)

= (Aﬁ}: average asymmetry of i-subprocess
iv_ 1NN AR ALY
Ap == 2k G TR

O ASQ a— Afg M) s extract Ag /g from Aﬁg via

I: Factorization Method ( neglect x-dependence of Ag/g)
S Af7(x) Ag(x Ag(x Af7(x
A9 = RS9 . {ay(s,1)=L () Agw)y oy Aol o)RSg <&”(37t)f_(>>

) g(z) 9(wo) f(z)
II: Fit Method _ (functional form for  2%\%) plugged into A%? and then fitto _AT¢%5")
g(z) I I

| for syst.studies |
200 — (14 pi(1—2)2) and z(1+4 pi(1 —2)2) + pa(1 — 2)?

g9(x)
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\Extraction of the Gluon Polarization I

[1 Extracted asymmetry expressed in terms of asymmetry by
contributing ¢ subprocesses (DIS, PGF, QCDC, soft & hard VM)

Ay(pr) = Yieny Rilpr) - (A1) (pr) + Soes, Rilpr) - (4) (pr)

= R;: fraction of ¢-subprocess (from PYTHIA 6.2)
= (Aﬁ}: average asymmetry of i-subprocess LO Model-depend.

(Ai) = L‘ZNi qi AL AN | B9E) aviraction
1= N2k Ykt T TN L 9@

O ASQ a— Afg M) s extract Ag /g from Aﬁg via

I: Factorization Method ( neglect x-dependence of Ag/g)
S Af7(x) Ag(x Ag(x Af7(x
A9 = RS9 . {ay(s,1)=L () Agw)y oy Aol o)RSg <a”(37t)f_(>>

fr(z)  g(x) g9(zo) ()
II: Fit Method (functional form for Agg(g;) plugged into AHg and then fit to Aﬂ”eas')
ég%;?) =z(1+p(1—2)*) and z(1+pi(1—2)%) +ps(l —x)°
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\Gluon Polarization Results I

[ Method I: 2450 = 0.078 + 0.034 + 0.011*0 43 at (z) = 0.204

Stat. Exp.Syst. Model Syst

[J Method II: Agu‘gg‘ = 0.071 £ 0.034 £ 0.0101512 at (z) = 0.222

N—"
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\Gluon Polarization Results I

[ Method I: 2450 = 0.078 + 0.034 + 0.011*0 43 at (z) = 0.204

A Stat. Exp.Syst. Model Syst
[ Method II: S22 = 0.071 £ 0.034 £ 0.0105512]
oe 9(x) 0.105
;g - - GRSV-std ’ , :
o6 — ©°5C :

0.4 4 —— BB-06

0.2

4 e FNS (Kretzer)
1 eee-e- FNS (KKP)

] —— HERMES Method Il fct. 1
1 - HERMES Method Il fct. 2

-0.2

-0.4 | ® HERMES (Method I)
1 a Compass (Open Charm)
06 N O Compass (Q2 >1 GeV2) I A
" ] m Compass (Q? <1 GeV?)
1 o smc HERMES preliminary
-0.8 — . . . ———

'
N

10

-1
10 1

. . . X
[1 Small gluon polarization in the accessed  x range

Riccardo Fabbri
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— results from D only
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\Gluon Polarization Results I

[ Method I: 242 — (0.078 4 0.034 + 0.011+91% at () = 0.204

Z(x) Stat. Exp.Syst. _I\/Iodel Syst

[ Method Il: 245 — 0,071 +0.034 £ 0.010%015]  at (z) = 0.222
= 0.8 - T
Z ] - cRsvsu — results from D only

06—_ — GS-C 1

B FNS (Kretzer)

] e S (KKP) :
0.4 — ;E-oeKKP — EXxp. Systematics:

] —— HERMES Method Il fct. 1

A HERMES Method Il fct. 2

Mainly from target and

beam polarization

-0.2 —
-0.4 |4 ® HERMES (Method 1)
1 a Compass (Open Charm)
06 ] B Compass (Q% > 1 GeV?) | A
" ] m Compass (Q? <1 GeV?)
1 o smc HERMES preliminary
-0.8 : ——— : e —

|
N

-1
10 10 1

. . . X
[1 Small gluon polarization in the accessed  x range
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\Gluon Polarization Results I

[ Method I: 242 — (0.078 4 0.034 + 0.011+91% at () = 0.204

Z(x) Stat. Exp.Syst. _I\/Iodel Syst

[ Method Il: 245 — 0,071 +0.034 £ 0.010%015]  at (z) = 0.222
= 0.8 - T
Z ] - cRsvsu — results from D only

06—_ — GS-C 1

B FNS (Kretzer)

] e S (KKP) :
0.4 — ZE-%KKP — EXxp. Systematics:

] —— HERMES Method Il fct. 1

A HERMES Method Il fct. 2

Mainly from target and

beam polarization

S

— Model Systematics:
-0.2

] [1diff. v & N pdf param.
-0.4 —_ ® HERMES (Method I) |:| PYTH'A par Change

] a Compass (Open Charm) -
0] O Compass (@°>1Gev?) : A : [ Iscale factor varied

" ] m Compass (Q? <1 GeV?)

1 o smc HERMES preliminary by factors 1/2 and 2

-0.8 : . ———— : : ———
10 ? 107" 1

. . . X
[1 Small gluon polarization in the accessed  x range
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Conclusions & Outlook I

[1 Several observables related to internal structure of proto ns shown
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Conclusions & Outlook I

[1 Several observables related to internal structure of proto ns shown

— polarized inclusive structure function g1
—> measured at 0.0041 < z < 0.9 & 0.18 < Q? < 20 GeV?
—> proton data precision comparable with CERN and SLAC
—> deuteron data are among most precise sofar
—> combining proton & deuteron data = g7’ extracted
— from saturated F‘f = precise A extracted
— comparing AS results: sizable negative s-quarks at low x7?
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Conclusions & Outlook I

[1 Several observables related to internal structure of proto ns shown

— polarized inclusive structure function g1
—> measured at 0.0041 < z < 0.9 & 0.18 < Q? < 20 GeV?
—> proton data precision comparable with CERN and SLAC
—> deuteron data are among most precise sofar
—> combining proton & deuteron data = g7’ extracted
— from saturated F‘f = precise A extracted
— comparing AS results: sizable negative s-quarks at low x7?

— Extraction of the gluon polarization
—> measured at 0.06 < x < 0.70 for p2 > 1.05 Gev with deuteron
—> compared to very first A meas. = more complete Bg treatement
—> in agreement with world data, small gluon polarization favo ured
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Conclusions & Outlook I

[1 Several observables related to internal structure of proto ns shown

— polarized inclusive structure function g1
—> measured at 0.0041 < z < 0.9 & 0.18 < Q? < 20 GeV?
—> proton data precision comparable with CERN and SLAC
—> deuteron data are among most precise sofar
—> combining proton & deuteron data = g7’ extracted
— from saturated F‘f = precise A extracted
— comparing AS results: sizable negative s-quarks at low x7?

— Extraction of the gluon polarization
—> measured at 0.06 < x < 0.70 for p2 > 1.05 Gev with deuteron
—> compared to very first A meas. = more complete Bg treatement
—> in agreement with world data, small gluon polarization favo ured

[] Finalization of the AS & AG analyses for publication is on-going
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\The Purity Method I

[1 Measure cross-section asymmetry A, for different identified hadrons

- Au/u +

2A , 2)D" 2, 0.5 | ¢
Az, Q2 2) = 224 €qAq(,Q%) Dy (Q%,2) os ¢

>ge2a(z,Q?)DE(Q22)

=¥, Ph(x, Q% 2) 88 °F

h 2y _ _cAa@@)Dh@%z) i
P, (x, Q% 2)

= T, 2@ QD@ E)  of

L] Extract purities in the frame of

LUND fragmentation model 1 _
Tune to 7, X HERMES multiplicities _, | = 1
10:_ [(Q2IGeV? i} °©
[] Extract quarks polarization i3 e
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\Isoscalar Method Formalism: | I

eTd™ — et X eTd™ — eT KX

: . +
(] Measure inclusive asymmetry ~ A; and kaons asymmetry A%

O'K —O'K
A, — 91/2793/2 AK _ _1/2 "3/2
1 T1/2103/2 U{{/Q‘H’é{/Q

L1 After some algebra, asymmetries expressed in terms of PDFs a nd
fragmentation functions

S5AQ(x)+2AS(x
Al (:E’ Z) — 5825—'—!:25(3% ) A{{(ij Z) —

AQ(m)Dg (2)+2A8(z)DE (2)
Q(x)DS (2)+2S(x)D§ ()

= DE — 4. (DEK" 4 DK ) 4 (DK" 4+ DE") DE = (D" + DK7)

= Df * = probability that struck quark ¢ fragments into detected K=
- - - : KT K™y _ (DK™ K~

= Charge conjug. invariance assumed: (D, + 7D, )= (D; +7D; )

= AQ(7) = Au+ Ad + At + Ad AS(z) = As+ As
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Isoscalar Method Formalism: I

AQ(az)Dg (2)+2A8(z)DE (2)
Q(x)D (2)+2S(2)D§ ()

S5AQ(x)+2AS(x
Al (:E’ Z) — 5%%13—'—!:25(35 ! A{{(QZ’, Z) —

L1 Taking S(z) & Q(x) from CTEQS6L, we are left with 2 Egs & 4 unknowns
—> additional information needed

L] Fragmentation functions obtained directly from unpolariz ed DIS data
ANKE*(2)/dz _ Qz) [D§ (2)dz+S(z) [ DS (2)dz
ANDIS(z)/dx 5Q(x)+S(x)  _ o7, —

HERMES PRELIMINARY

o
()]
LI L

[] CTEQG6 LO used in fit to extract
fragm. function constants

QU)IDg (DIz+SK)Dgyy@)dz
5Q(X)+2S(x)

o ¢

N

T rrr oot
|

(AN ()/dx)/(dN P'S(x)/dx
o
I

= [DE(2)dz =1.20£0.06 £0.03 = ¢ AN o
= [DE(2)dz =2.86 +0.72 £ 0.30 0.2 ]
—at0.2 < 2<0.8 0-1;- ]
0F — —]
-0.1: : e L
10
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‘AG: subprocess asymmetries I

Average asymmetry of ¢-subprocess
(Al = = X8 ol T T

A 03+- QCDC - ela./diff. VMD
_=_ LODIS — Iow[g)
< 02— PGF 2.2(q)
PYTHIA events \V 011 QCD 242(9)
| T....'...T...'....'....'....‘....'...’....’..f.‘-j-,eili'*"é;i
qq, qq, ... XSec asym. Of m o E E T E me e e et iiicsreeeas I

—> calculable 0.1

~ pol/unpol PDF 0.2 \
0.3 ed-h"X (¢" notin acc.)

nucleon pol/unpol PDF 0 02505075 1 12515175 2
pT(beam) (GeV)
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‘AG: Model Systematics I

PDF parameterizations (for cross-section calculation)

Type Standard | Alternative
Unpolarized /N PDFs | CTEQ5L | GRV9S8
Unpolarized v PDFs | SS GRS

PDF parameterizations (for subprocess asymmetry calculation)

Type Standard Alternative
Unpolarized /N PDFs | GRV98 GRV94/CTEQS5L
Unpolarized v PDFs | GRS GRS

Polarized /N PDFs GRSV GS-B, BB-06
Polarized v PDFs: 1/2(max-min) scenario of GRS max/min scenario of GRS

Pythia parameters:

Type

Standard | Alternative

PARP(91/99): initial /N parton kr
PARJ(21): fragmenting parton pr
PARP(90): cutoff for switching on soft VMD

0.4GeV | lofrom x2 .

0.4Gev | lofrom 2 .
0.16 0.14-0.18
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