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Motivation

the spin structure of the nucleon:

.1
hS'Z\'|=§ = Jgq+ Jg

1

¢ & is found to be small in inclusive DIS experiments

T >»1980: SLAC: connection of nucleon spin with quarks
t 1988: EMC: "'spin crisis"™ ¢&8 =0:1280:17..07
T 1988 2000: SLAC, CERN, DESY: ¢8..0:2:::04=0

possible contributions to hSzi still unknown
T strange sea polarization ¢s ?
t gluon polarization ¢€G ?
T orbital angular momentum Lg.g ?
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Outline

T Experiments and Kinematics

T Asymmetries and Structure Functions gi:»
T QCD and Gluon Polarization ¢G

T Semi-inclusive Spin Physics

T Prospects of Current Experiments
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Deep Inelastic Ip and pp Spin Experiments

Lab EXp. Year Beam P % Target P % T
SLAC E8O 75 10-16 GeV el 85 H-butanol 50 | 0.13
E130 80 16-23 GeV el 81 H-butanol 58 | 0.15
E142 92 | 19-26 GeV el | 39 3SHe 35 | 0.35
E143 93 10-29 GeV el 85 NH3 70 | 0.15
ND3 25 |0.24
E154 05 48 GeV el 83 SHe 33 | 0.55
E155 97 48 GeV el 81 NH3 90 | 0.15
_ LiD 22 |0.36
E155X 99 30 GeV el 83 NH3 70 |0.16
LiD 22 | 0.36
CERN EMC 85 200 GeV ,,* 79 NH3 78 | 0.16
SMC 92 100 GeV ,, " 82 | D-butanol | 35 | 0.19
93 190 GeV ,, ™" 80 | H-butanol | 86 | 0.12
94/95 81 D-butanol 50 | 0.20
96 77 NHq 89 | 0.16
DESY HERMES 95 28 GeV e™ 55 SHe 46 1.0
96/97 55 H 88 1.0
98 28 GeV el 55 D 85 1.0
99/00 | 28 GeV e™ 55 D 85 1.0
DESY HERMES 01 28 GeV e™ 55 H 85 1.0
CERN | COMPASS 01 160 GeV ,,* 80 NH3 90 | 0.16
LiD 50 |0.50
BNL RHIC 01 200 GeV p /0 [200GeV p | 70 1.0
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E155 Spectrometers
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The HERMES Experiment at DESY

forward spectrometer

/_ FIELD CLAMPS _\

(0:04 < j£j < 0:22 mrad)
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Deep Inelastic Lepton-Nucleon Scattering (DIS)

s 1 (A)/k'/l’ Q%= ig? 2 4EE'sin? =
. 20
. K E
Y
e e
N — f - X
P ‘= Q2 Ia:b Q2
S D> (O 2Pq  2M”
S + (%)
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Spin Structure Functions in DIS

//

form cross section asymmetries w.r.t. - —<_>/M’
orientations of beam and target spins —

beam  target det.

measured asymmetries:
| ¥

(i ) + 1 i il
A” t+ )'_ At) +1 4 *1

relation to virtual photon asymmetries A1 and As:
A”: D(A1 + -Ay) A= d(tA1 + Ao)
relation to spin structure functions gq and go-:

C@1i %92) o1 Ao (91+02)
2
F1 F1 F1

A1

D; d : photon depolarization factors (D ... y)

-, ;¥ : kinematic factors (- ... Tt 0)
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Partonic Interpretation

* QPM: . |
MOD Fi(x) = 1> 2 ()
JUSTHC \\//Nuc.eon 1 2 £Of
F2 = 2XF 1
* ©900 = 9700 i 4700
: O 1< 5
/\/\f@\/\/\/\m rions ' 0100 = = e2dqe(x)
9 ~ q- \\ ®/ / 2 f
312 (x) ~—  Nucleon L
go = O

simple physical interpretation of g4 in terms of quark he-
licity distributions @qg(X)

BUT no simple partonic picture for g»
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World Data

on Xgq1 and Xg»
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Interpretations of g»

g2(x; Q%) = g¥W(x;

Q%) + 7a(X; Q%)

t g¥W includes twist-2 contribution: gV / jg;
T g2 includes quark-gluon correlations ; twist-3 matrix element d»
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Interpretation of g1 in NLO pQCD
Jd1 weII described in QCD improved QPM (NLO)

P ("M = 5 “ecys > § ¢qz + = ¢q8 + @¢Cg > ¢8§ + 2N ¢Cg > ¢G
with usual notations (Nf = 3):
CEX; Q%) = (Cu+ ¢y) + (¢d+ ¢d) + (Es + ¢s)
Co3(x; Q%) = (Cu+ cy) j (¢d+ ¢a) =6(g) i g7)
Cog(x; Q%) = (Cu+ ¢y) + (¢d + ¢d) j 2(Ts + Ts)
CG(X; Q2) INn NLO only; ¢C8 =0IinLO

in principle linear combinations of polarlzed PDF’s and €G can be
determined due to their difierent Q2 evolution

BUT at NLO mixing of €& and ¢€G ; factorization scheme dependence :
> MS scheme: €8 not conserved
> AB or JET scheme: €8 conserved

C8(Q%)ys = ¢§AB(JET) N 1597 ¢ 6(Q?)
CG(Q%)ys = €G(Q9)aBUIET)
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Q2 Dependence of Ay ... g1=F1

proton neutron

9,°/F,°
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» ratios glef;” independent of Q2 in DIS region within current uncertainties
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Q? Dependence of g¥

_c|3 x=0.0063 ----  simple fit
N’C; — NLO QCD fit
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Fits to g1(x; Q%) in NLO pQCD using SU(3)+

updated NLO QCD (MS)
flts at Q2 = 4 GeV?

NEW: propagated statis-
tical uncertainties (yellow
bands - BB)

BB: Blimlein, Bottcher, DIS2001
GRSV: Gluck et al., hep-ph/70011215
AAC: Goto et al., hep-ph/70001046

D) determination of fis(M2) = 0:114 § 0:005(stat)
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Sensitivity to broken SU(3)+

present NLO analyses use information from neutron and hyperon
fl-decays to constrain non-singlet flrst moments

a3 = €qz3=F +D = 1:267 8 0:0035 (Bjorkensumrule)
ag = «¢€gg = 3F j D =0:58580:025
however, result for ag depends on assumption of SU(3) avour
symmetry among hyperons, which is known to be inexact...

sensitivity to SU(3) avour symmetry breaking, in JET scheme,
Q2 = 1 GeV?2 [Leader, Stamenov, Sidorov,DIS2001, hep-ph/0004106]

ag | ~2=dof XS ¢G ¢s+ ¢g
0.40 0.82 10.34 8 0.05/0.13 8 0.14 | -0.02 8 0.01
0.585| 0.83 /0.40 8 0.04 |0.57 8 0.14 | -0.06 8 0.01
0.86 0.82 [0.40 8 0.06 1 0.84 8 0.30|-0.15 8 0.02

gluon and strange quark polarizations strongly dependent on SU(3)
symmetry assumption ; direct measurements needed
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HERMES : €¢G from Photon-Gluon Fusion (LO)

g ¥ qg: select h*hi pairs with large p?l >1.5 GeV, p$2 > 0.5 GeV

- negative asymmetry A;; inter-
preted in terms of €G=G (PGF)
and ¢gq=q (QCDC) contributions
using PYTHIA model

> €©G=G positive

at hxgi = 0:17 and hp%i = 2:1
GeV?2

¢ G=G = 0:4180:18(stat:) 80:03(exp:syst:)
[HERMES, PRL84(2000)2584]

ongoing:

€ G=G analysis based on new high
statistics deuteron data of
HERMES run periods 1998-2000

AG/G

. —--- GSA(LO) ,
0.8 - -+ GSB(LO) i
- ——- GSC(LO) ]
0.6 - —— GRSV(LO)std. and val. i

GS: Gehrmann, Stirling, PRD53(1996)6100
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Semi-Inclusive Asymmetries

R P
in 92 g€ €q(x; Q%) ¢ D{(z; Q%)

h 2\ — Zmin
Al .. (x Q%) = fmin —~ 9 (LO pQCD)
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Polarized Quark Distributions (LO)
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avour tagging:

A1(h®) on proton domi-
nated by ¢ u(x)

A1(h®) on neutron domi-
nated by €d(x)

sensitivity to ¢y and ¢as
- 10% at x < 0:2

cC8 =0:3080:04 80:09
[ HERMES, PLB464(99)123]

polarized quark sea not yet
separated

solid lines: GSA LO
dashed lines: positivity limits
bands: HERMES syst. uncertainty
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Symmetry of Polarized Sea?
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theoretical conjecture (e.g.
Quark-Soliton-Model)
and recent pQCD fit including
semi-inclusive data indicate
Cy 6 <4 as in unpolarized
case

chiral

[Stratmann, Vogelsang, hep-ph/0107064]
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Precision Measurements of A1 and A, at Low W

JLAB: E91-023, E93-009,
E94-010

polarized electron beam 0.8-
57 GeV (P » 70%) and po-
larized solid targets

, p, d, and n

transition from DIS to Low
Q2. 1 GeV?
resonance region W . 2 GeV

[E94-010, DIS00]
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