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The Spin Structure of the Nucleon

Naive Parton Model:
Au, + Ad, =1
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1988 EMC measured:
AY =0.123 + 0.013 £+ 0.019
—> Spin Puzzle
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The Spin Structure of the Nucleon

Naive Parton Model:
Au, + Ad, =1

4 —1
— A vy == Adv = 1
P g 3
BUT from unpolarized data:
1988 EMC measured: Gluons are important !
AY =0.123 i 0.013 +£0.019 __. 4eg quarks Aq.
— Spin Puzzle . AC
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Aug, Ad,, A, Ad, As, As
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The Spin Structure of the Nucleon

Naive Parton Model:
Au, + Ad, =1

4 —1
— A v = Adv =
A 3
BUT from unpolarized data:
1988 EMC measured: Gluons are important !
AT =0.123£0.013+£0.019 _ gonquarks Aq, U description of J, & Jg
—> Spin Puzzle s AG needs

orbital angular momentum

1 1
5 = 5 (A + Ady + Agy) +Lg + (AG + Ly)
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Deep Inelastic Scattering

Inclusive Scattering: detect scattered lepton

v
e . 2 lab ;] .92 v
Q° = A4EE'sin (5)
o lab Q? lab v _P-q
N 2Mv 4 E p-k
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Deep Inelastic Scattering

Semi-Inclusive Scattering: ~ detect scattered lepton and

K produced hadrons
- ' o lab , . 9,0
~ Q° = 4EE'sin (5)
T T« = @ o v _poa
< % - 2My T E pk
: lab  En
Z — —a
(17 ) 14

QFTHEP 2004 — p.3



o 9e0

S d’c  __ o*F’ v
Cross Section: xaez = org LwW"

L,.: purely electromagnetic —> calculable
WHY o~ Fl ($7Q2) + F2 ($7Q2) T o0 ($7Q2) T g2 ($7Q2)

(for spin 1) —bl (z,Q?) + 302 (z,Q?) +35b3 (z,Q?) + 304 (z,Q?)




The HERMES Detector at DESY
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Semi-inclusive DIS

Correlation between detected hadron and struck gs
— 'Flavor - Separation’

Inclusive DIS:  AY = (Agi(z) + Ag(z))
Semi-inclusive DIS:  Au, A, Ad, Ad, As, As

Al @) = 2% YpetAailx Q7] daDi(x, Q%)

‘7{1/2 - Og/z S e e2qr(x, Q?) [ dzD(z, Q?)
5 ezq(z) [ deDg(2)  Aq(x)
= ;q, e2,g/(z) [ dzD%(z) a(x)

7

~~

h
Pg(x,2)

o Solve linear system for Q with

s A

A = (A1p(x), Ara(x), AT (%), AT 4(x), AXS (%))

_ (Au Ad Au Ad As,
tu’d’ua’d’ s

—
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The Hermes Quest for L

Study of hard exclusive processes leads to
a new class of PDFs

deeply virtual ORI actors - . . .
[ Compton ] scaterng_ - Generalised Parton Distributions
HY E9, HY E1

‘e
.
v,
0
0
0
0
G
0
",
‘e

timelike
Compton orbital angular 1
e 2 N bital angul — possible access to

transverse localisation 9) rb |ta| an g u Iar momentum

[ pp annihilation ] Jq — %(f_ll deC(Hq -+ EQ)%_)O
vy = wm,yy = KK y E Jq _ %AE 4+ Lq

exclusive deep inelastic
meson production scattering
deep virtual/large ¢ PDFs

exclusive: all products of a reaction are detected
—> missing energy (AE) and missing Mass (M) =0
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GPDs Introduction

quantum numbers of final state — select different GPDs

DVCS: pseudo-scalar mesons vector mesons
He E?, HY, E“ H4, E1 H4, EA

What does GPDs characterize?

unpolarized polarized
Hi(z £,t)  Hi(z,&t) conserve nucleon helicity
H%(x,0,0) = q, H(z,0,0) = Aq
Bz, &) FEi(x,&t)  flip nucleon helicity
not accessible in DIS
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meson production — oy,

How to Measure GPDs ?

vector mesons
OL Ayt
(nominator)

pseudoscalar mesons
01, AUT
(nominator)

=3

(1-¢7) Wl — ¢°
o A AR

(1-6%) 1-8-¢§

V1-¢€2-¢

@ Hermes kinematics:

LB

£~

2—33]3

£~ 0.01 —0.3
§|lz=0.1 ~ 0.05

~ 0.02 - 0.1

4M?
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How to Measure GPDs ?

DVCS
Ac, Ary Aur Ayt

(twist-2 amplitudes of the interference terms only)

=3

Fy E(F1 + Fy) EF+ =l — &)
§(F1 + ) F §2(Fy + F)
= Fo 1£j§(F1 +F) &R+ e rER)
%ﬂ +EapFo & o (F1 + F)

Fy and F5 ...Dirac and Pauli form factor
=- {0 access F transverse target polarisation is essential
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Unpol. Hyd. (2000)

Monte Carlo

Monte Carlo (all)
exclusve BH+DVCS
BH with resonance exc.
semi-inclusive + VMs
exclusive 0
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(position
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Concluding

PID essential for flavor decomposition

Transverse polarized hydrogen data suggest Collins and
Sivers

GPDs give access to orbital angular momentum of quarks
transverse pol. target needed to access E

exclusive 7 production access to H, F

DVCS access to H
Install the Recolil Detector in sumer 2005
focus on DVCS with e- and e+ beam
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DVCS v*p — ~vp

/

AN

e\/e’
yU Y
p% &p+A FA-FA

DVCS Bethe-Heitler (BH)
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P

d o/dp, dQ, dQ, (pb / GeV sr?)

p+A

BH)
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DVCS v*p — ~vp

/

AN

4

e\/e’
yU Y

DVCS

Bethe-Heitler (BH)

do o |Tgu + Tpves|® =
Tar|* + | Toves|?
+(T3uTpves + TpvesTer)

= Interference term a tool to study DVCS

exploit azimuthal cross section asymmetries
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