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Sessions

e Inclusive Asymmetries (4 talks)

e PDFs, global fts (joint session with WG A) (4 talks, WG A)

e PDFs and inclusive measurements (4 talks)

e Gluon Polarisation (6 talks)

e Single Spin Asymmetries and Transversity (8 talks)

e Vector meson production and DVCS (joint session with WG B) (2(9) talks)
e Exclusive reactions and GPDF (4 talks)

e Future plans (1 talk)

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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Main topic: Nucleon (spin) structure

e Distribution functions

unpolarised q,g F5, R, form factors
long. pol. Aq, Ag g1, g2
transv. pol. dg h1, Sivers DF

e Generalised distribution functions

unpolarised H%9, E%9
polarised H91 FE9:4

e Fragmentation functions

D
Collins FF
Two Hadron FF Hy, D,

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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Experiments
e Fixed Target
HERMES 27 GeV pol. e, e~ pol. HD (L/T) DIS
COMPASS 160 GeV pol. pu* pol. LiD (L/T) DIS, quasi-real Photons
JLAB Hall A 6 GeV pol. e~ pol. 3He DIS (high x)
Hall B CLAS 6 GeV pol. e~ pol. H,D Resonance region
Hall C RSS 6 GeV pol. e~ pol. H,D Resonance region
SAMPLE Bates 200 MeV pol. e~ unpol. H,D Elastic
MAMI A4 855 MeV pol. e~ unpol. H,D Elastic
JLAB GO 6 GeV pol. e~ unpol. H,D Elastic
Jlab HAPPEX 6 GeV pol. e~ unpol. H,D Elastic
e Collider
STAR 200 GeV pol. p Jetproduction, direct Photons...
PHENIX 200 GeV pol. p Jetproduction, direct Photons...

BELLE 8 GeV e, 3.5 GeV e™  Fragmentation..
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Inclusive Asymmetries and PDFs

e Spin results from JLAB Hall B and C (Khandaker)
e New High-Precision Neutron (*He) Spin Structure Results from Jefferson Lab (Kramer)
e Inclusive and semi-inclusive asymmetries (Leberig)

e Parity violating electron scattering (Maas)

e AAC analysis of polarised parton distributions with uncertainties (Kumano)
e The role of higher twists in determining polarised parton densities (Sidorov)
e Proton Spin structure and intrinsic motion of constituent (Zavada)

e Measurements of R and the Longitudinal and Transverse Structure Functions in the
Nucleon Resonance Region and Quark-Hadron Duality (Ent)

E. KabuB, DIS 2004, April 2004, Strbské Pleso 5
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Inclusive measurements at JLAB

e E-04-110 e E-03-109 (SANE)
— precise unpolarised measurement — approved Hall C exp., new electron de-
(%) in resonance region tector
— L /T separation with 2 methods: pre- — A4, g for patand 0.3 < x < 0.8 and
cise determination of R at low Q? 2.5 < Q? < 6.5 GeV?
— test of quark-hadron duality — z, Q? dependence, moments, duality
e E-01-006 (RSS) e CLAS EG1
— A;, Ay for p and d at Q% =~ — high statistics g; for p and d in reso-
1.3 GeV? for 0.8 < W < 2 GeV nance region, large range in Q° and
— prelim. results for exp. asymmetries W
— W dep., onset of duality, twist-3 — T'1(Q?) at low @Q?
effects, extended GHD — polarised duality
e E-090-117 e E-97-103
— precise A7 at high = (0.3 —0.6) at — high statistics g% at x = 0.2 for low Q?
Q? ~ 4 GeV? — search for higher twists

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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E94-110 Rosenbluth Extractions of R

s Clear resonant behaviour is
observed in R for the first time!

- Resonance longitudinal component
NON-ZERO.

- Transition form factor extractions
should be revisited.

+ Longitudinal peak in second

resonance region at lower mass
than S;{(1535 MeV)

- D;(1520 MeV) ? P, (1440 MeV)? :
s R is large at low Q high W (low x)
- Was expected R -~ 0as Q2 = 0

- R = 0 also not seen inrecent SLAC

DIS analysis (R1998)
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COMPASS M. Leberi

Inclusive Result A,

e Combine Configurations:

time >
0.6 e 1st year data taking
o ~ 0-5[ | ° SMC(92,94,.95) ' ~ 3 years of SMC for x < 0.04
< 0.4 | ° COMPASS(2002)
— 5 times higher beam rate
0.3 oY
0.2 Yeuﬂﬂﬂa — 2 times higher f
0.1 1% . { % 'F e large uncertainty for x > 0.04
o4 & & ﬁ%{ —————————— R = trigger upgrade for 2003
04 - = large Q?
0.2~ o - | #2003 + 2004 data = four time
1072 10~ X the statistics
Bj
DIS 2004, April 2004, Strbské Pleso 1
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Parity violating electron scattering

e measurement of strange contribution to nucleon vector form factor
e only possible if s(x) # §(x)

e needed: electromagnetic proton and neutron FF plus asymmetry from electro-weak
interference

o Ap(nostrangecontribution) ~ 107° for Q° ~ 0.3 GeV?
® requirements
— high luminosity

— polarised electron beam, unpolarised target
— inelastic background suppression

e experiments use either low energy, magnetic spectrometer, high resolution electroma-
gnetic calorimeter

e false asymmetries: control of all beam parameter needed
e results from MAMI A4 and HAPPEX show deviations from A

e indication that s(z) # s(x)

E. KabuB, DIS 2004, April 2004, Strbské Pleso 0
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Analysis of polarised PDF

e new AAC analysis including SLAC E155 data

— analysis also with Ag =0
— investigation of error correlation between Ag and Ag
— improved sea determination, Ag not constrained

e analysis with higher twists

- (gl/Fl)exp with FQ(NMC) and R(SLAC)

— additive HT for g1 used

— dependence on factorisation scheme studied
— moments of HT studied

— sea determined quite well, Ag unconstrained

e analysis in terms of a valence quark model

— quarks as quasifree fermions with mass, intrinsic quark motion with spherical
symmetry and J=1/2 constraint

— relates unpol. valence distribution to g1 and g-

— sum rules, predictions for transversity

E. KabuB, DIS 2004, April 2004, Strbské Pleso 10



Polarized PDEs (AACO03)
AACO3 uncertainties

 PDF uncertainties reducedby ... AACOD uncertainties

including precise (E155-p) data
AACO00 <> AACO3 (with E155-p)

* Valence-quark distributiogs

3
are well determined 0a] xAu (%) 1 xAe()
— Small uncertainty 031 /\ 1. 7N
Dfﬂlllv,. ﬁd‘, 02 ;‘F ’ ‘% "-l___*__*,*,_#;n:mu'ﬁﬁ;%jfi_.‘:tfgﬁ-.
_ | - __ﬁ&,;;- 1 ) - W
+ Antiquark uncertainty is e A O] FTICV
significantly reduced ' e “ :
— gPec 4Au + Ad +12Aq :
02 _ s " oad e
: : =1 GeV Dol ! ;
* Ag(x)1s not determined ,, ¥ =1Ce on "‘-»-ﬂ'/.-'
L rtaint poot PO
—_— Br-gE HHCE-' El-.lH y- -0 4- %(x) 00 xm’{x} . .
— Indirect contribution to g,%si n_m o 4 0nsi . = /

— Correlation with antiquark x * E15S5 data
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Gluon Polarisation

e SMC high pr analysis (Kowalik)

e Gluon polarisation measurement at COMPASS (Heinsius)

e Longitudinal Gluon Polarization in RHIC Double-Spin Asymmetries (Kretzer)

e Longitudinal Double Spin Asymmetries in Neutral Pion Production at PHENIX (Bauer)
e Ay for jets at mid-y (Trentalange)

o Effect of Ag(z) on the ¥ spin asymmetry at RHIC (Sudoh)

E. KabuB, DIS 2004, April 2004, Strbské Pleso 11
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Methods(1)

DIS: Photon-Gluon-Fusion
e High pt hadron pairs

SMC p,d (93 -96) Q% > 1 GeV® AN~"* = 0.030 £ 0.057(stat) £ 0.010(syst)

AIN=IRDX — (0.070 4+ 0.077(stat) £ 0.010(syst)

COMPASS d (2002) all Q2 ANZIRE — 0,065 + 0.036(stat) + 0.010( false)

e Open charm production

— D* - D%, DY = Kn
— COMPASS d (2002) all Q?

— prospects for 2002 — 2004: §(AG/G) ~ 0.24

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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D* tagging : D*—D% nr, D'>K =

D* N (K 72')72' 80% 2002 data

o
= D' = (Kz)r
=,

i My ns-Mi. -m,, [MeV/c?]

4
E-é,, D° =K

>
= 317 DO

M, -mpo [MeV/c?]
D° 5Kz K P M, . -mpo [MeV/c?]

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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Methods(2)

Quark-gluon scattering at pp collider

e RHIC

— longitudinal
about 30%
— luminosity 0.2 pb~!

polarisation in 2003

e STAR
— jets at mid rapidity
— analysis in progress
— expected statistical
ALLZ ~ 0.030

precision for

PHENIX

— 70 production

— 70 cross section well described by

NLO pQCD

— observed asymmetry Ay, is small

Interpretation of PHENIX results
— qg — qgX at small pp
gg — qgX at large pr
— pQCD predicts positive asymmetry
— correlation between Ad and 7
asymmetry studied
— more precise data needed

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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SSA and Transversity

e Measurement of transversity at HERMES (Seidl)
e Transverse asymmetry Ay for charged pions (Fischer)
e Understanding the transverse target single spin asymmetries at HERMES (Schweitzer)

e Status of the Belle Spin Dependent Fragmentation Function Analysis (Grosse-
Perdekamp)

e Single-spin asymmetries with two-hadron fragmentation functions (Bacchetta)
e Constraining the Sivers functions using Transverse Spin asymmetries at STAR (Fatemi)

e Single-Spin Transverse Asymmetry in Neutral Pion and Charged Hadron Production
at PHENIX (Aidala)

e Measurement of single beam-spin asymmetry in electroproduction of pions at HERMES
(Avetisyan)

E. KabuB, DIS 2004, April 2004, Strbské Pleso 16
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A%r%(q)_"q)s)(x) vs. HERMES preliminary A%r%(¢+¢s)(x) vs. HERMES preliminary

\ \ \ \ \ \ \ \
0.6 — =" . 04 - 7’ =
02 - l ........................................... . 0 H l
r ) { E - E
o 1 l l 0.2 - -
02 - . 0.4 .
\ \ \ \ \ \ \ \
0 01 02 03 04 x 0 01 02 03 04 x
[y T T 0
e OKk! e No unfavoured fragm.!

e Requires 4h% < —h¢
in contradiction to models

Due to u-quark dominance (in all models) one would expect A?]nTﬁfb

(as for A37%). Why not here?

Results quite puzzling!

Ai}{}(¢+¢s)(x) vs. HERMES preliminary

0.2 —

e Not unexpected!

~ A

Here unfavoured

fragmentation

can change a lot

sin ¢—|—¢
UT 70

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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Exlusive Reactions and GPDFs

Experiment

e Electroproduction of rho mesons (Borissov)

e The HERMES DVCS Roadmap (Ellinghaus)

e Electroproduction of exclusive 777~ at HERMES (Fabbri)
e Exclusive 71 production at HERMES (Hadjidakis)

Theory

e Charge asymmetry in 777~ electroproduction on proton at high energies as a test of
o, p mesons degeneration (Kuraev)

e A Simple Model for Generalised Parton Distributions of the Pion (Lansberg)

E. KabuB, DIS 2004, April 2004, Strbské Pleso 18
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GPDs «—— NUCLEON STRUCTURE

GPDs (H,H,E,E) : PARAMETERIZATION OF THE
NUCLEON STRUCTURE

GPDs: DESCRIPTION OF INCLUSIVE AND (HARD) EX-
CLUSIVE PROCESSES
— CONSTRAINT BY KNOWN QUANTITIES

GPDs ACCESSIBLE IN EXCLUSIVE REACTIONS =

Frank Ellinghaus, Strbské Pleso, Slovakia, April 2004

,A/
¥s'4 3

® vector mesons:
unpolarized GPD H, E

e pseudoscalar mesons:
polarized GPD H,FE

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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HERMES results

e Production of p,w and ¢

_ ) e Exclusive 7 and w7~ production
— cross sections, (Q“-dependence

— op/or, — exclusive w1 cross section results
— p double spin asymmetries — transverse target spin asymmetries:
— diffrative slope 1000 exclusive ™ expected for 2002
— color tranparency studied at fiked —2004
coherence length supports factorisa-  — interference between w7~ isospin
tion states
e DVCS e Future:

Recoil detector willimprove measure-
ment of exclusive channels from 2005
onwards

— interference with BH measurable
— azimuthal asymmtries: beam charge
and beam spin

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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BEAM—SPIN ASYMMETRY

BEAM-SPIN ASYMMETRY (BSA) A; y(¢) :
(BEAM pOL. (L), TARGET UNPOL. (U))

_ 1 N(®)-N(9)
Ary(e) = <|Pp|> N (¢)+ N (o)

508 2., 03
~ = + £
“os | ;E;;ZSY:RS_XZLWWZ oz | ST oetyX
. ined .
EL.2000 (refined) HERMES PRELIMINARY 2000
04 — P1+P2sin¢+P3sin2¢ 0.1 | (refined analysis)
° []
02 | 0 s -
o 01 F +
02 02 F + +
04 [ -03 +
P1 =-0.04 + 0.02 (stat)
06 [ P2 =-0.18 + 0.03 (stat) 04 F
os | P3 = 0.00 + 0.03 (stat) o5 F A5® <17 cov = 018 + 0.03 (stat) + 0.03 (sys)
<t>=0.18 GeV?, <xg> = 0.12, <@ = 2.5 GeV? <t>=0.18 GeV?, <xg> = 0.12, <@ = 2.5 GeV?
1 s s s s s s ‘ P TN AR
3 -2 1 0 1 2 3 4 0 1 2 3 4 5 6
o (rad) M, (GeV)

A; y IN EXCLUSIVE BIN:
EXPECTED sin(¢) DEPENDENCE = Im M1,
sin(2¢) COMPATIBLE WITH ZERO (HIGHER TWIST)

sin(¢)— MOMENT IN EXCLUSIVE BIN:
Aind — o Zz— S‘“(‘ﬁl — —0.18 + 0.03 + 0.03

’L

sin(¢)-MOMENT IN NON—EXCLUSIVE REGION:
SMALL AND SLIGHTLY POSITIVE (— 7°)

(RESULTS FROM 1996/97 — PRL 87, 182001 (2001))

Frank Ellinghaus, Strbské Pleso, Slovakia, April 2004
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BEAM—CHARGE ASYMMETRY

_ Nt(@)=N"(9)
Ac(d) = Frgrn—(o) &

I oc£(cf + Zn Lchcos(ng) + A Zn L shsin(ng))

© 06 < 04
< e'poe'yX (M<1.7GeV) 9& o e'poe'yX
0s | e HERMES PRELIMINARY 03 [ e HERMES PRELIMINARY
— P1+P2cos ¢
0z | 02

R | X

01 |
04 | =-0.05 + 0,
0.4 P1=-0.05+0.03 (stat) In.< 17 Goy = 0-11 £ 0.04 (stat) + 0.03 (sys)
P2 = 0.11+0.04 (stat) 02 F
_06 L L L L L L L L L L L L L L L
3 2 414 0o 1 2 3 4 0 1 2 3 4 5 6
¢ (rad) M, (GeV)

A~ IN EXCLUSIVE BIN:
EXPECTED cos(¢) DEPENDENCE = Re M1

cos(¢)~MOMENT IN EXCLUSIVE BIN:

Nt N~
o Z cos ¢;— > cos ¢;
cos i= i=1 _
AZP? =2l e —0.11£0.04 +0.03

(< Q*>=28GeV? <z >=0.12, < —t >= 0.27 GeV?)

cos(¢)-MOMENTS SMALL AT HIGHER MISSING MASS

= BASIC CONCEPT SEEMS TO WORK !!!

Frank Ellinghaus, Strbské Pleso, Slovakia, April 2004
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Hard Exclusive Production of 777~ I ma.-—dependence of (cos6)

Which channels may contribute?

. A 0.6
Hydrogen' C‘E; e'p - e'n*n" X ( AE < 0.625 GeV))
. , O 0.4} e HERMES PRELIMINARY
(a) p family (b) p family 3 r J'
C=-1, I=1 C=-1, I=1 02f
\/W‘/I/V 1-1,3,... 1-1,3,... t ‘
+ + 0
C=-1 T T [ ] * ¢ + ‘ l
0.2 [ +
T T ® 0: 0-2 1 + T |
singlet PCN__ —— -0.a [ > =0.
2-gluon qlliagk I(J )_]-(1 ) 0-4 r < Xg > =016
exchange exchange H
(C=+1) (C=+1) -0.6 - ’—\u—,‘ﬂ
T T T T i
%32 04 06 o8 1 1.2 1.4 1.6
M__ [GeV]
(c) f family (d) f family . A 06
Casl, In0 Casl, In0 e non-resonant Deuteron: s | e*d — e*n*n” X ( AE < 0.625 GeV ) J
O 0.4 e HERMES PRELIMINARY
1=0,2,... S_Wave & fO: t/) 5 ‘
+ - _ 02|
" " I(JF)=0(0"7) : 1 \
L T i T ‘
non-singlet non-singlet I
quark 9 quark 9 P f‘2 . +
tege tege Po |
I(J =027~
T T T T’ ( ) ( ) T
o 600 () 1 1.2 1.4 1.§
= P
3 soo Interference between M., [GeV]
38 o
e*p - e*n'c X non-r nan - 1 1
200 | on-resonant OS nge Indication
AE - 0.625 Gov and lower p- tail of p°-fs
M-Iregion 300 - . .
T i x =01 Mrr <0.6GeV interference
accesse at 200 i —— Mr ~1.3GeV
Inimuin mmterrerence
HERMES
between S-P waves
° " %a o6 0.8 1 1.2 [GLZ\'I] mTrﬂ-NO.77 GeV
m_. e
Riccardo Fabbri 5 DIS 2004
Riccardo Fabbri 2 DIS 2004
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Future Plans

e Spin Physics with eRHIC (Kinney)

— high precision spin structure functions g1 for p and n at low «

— Bjorken sum rule

— polarized gluon distribution from scaling violations and direct measurements
— flavour separation

— parity violating structure function gs

— photon spin structure

— DVCS

— transversity

— GHD sum rule

E. KabuB, DIS 2004, April 2004, Strbské Pleso
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e Spin physics is a very active field
e Many new data will be taken in the nearest future
e New projects are being discussed

e There are many interesting results with high precision and new measurements that
weren't possible before

e Many new results are just around the corner

e We had stimulating discussions and everybody is going home with some homework
and new ideas

e Thanks to all participants of the spin sessions

E. KabuB, DIS 2004, April 2004, Strbské Pleso 27



