The Spin Structure of the Nucleon
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Naive Parton Model:
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Naive Parton Model:

Au, + Ad, =
4 —1
— A T Adv —
S 3
BUT
1988 EMC measured: Gluons are important !

Full description of J, & J
needs
orbital angular momentum

A =0.123 £ 0.013 + 0.019
— Spin Puzzle

1 1
g z(Au” + ) +Lg + ( + Lg)
AY
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Inclusive Scattering:
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4
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detect scattered lepton
2 )2
Q° = A4EE'sin (5)

b Q%
2Myv

T
Q

i°,
~



( 4
Ja's
hermes

E.C. Aschenauer

detect scattered lepton

produced hadrons

a v
Q? @ AEFE Sin2(§)
o lab Q?
- 2Mvy
lab  Enp
v/ = —
1%

T
Q

i,

W



Deep Inelastic Scatt;ing ‘

S 90

g d’c  __ o*FE’ v
Cross Section: ae? = org LwW"

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

(for spin 1) —b1 (z,Q?) + 202 (z,Q?) +303 (z,Q?) + 304 (z,Q?)
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HERA long. pol. positron beam 27.5 GeV

Target Chamber [
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HERMES polarized gas target: He, D, H,H!
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HERA long. pol. positron beam 27.5 GeV

Comparison of risetime curves
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HERA long. pol. positron beam 27.5 GeV

Comparison of risetime curves

# Transverse Polarimeter
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HERMES polarized gas target: He, D, H,H!
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Virtual Photon Asymmetry
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Virtual Photon Asymmetries:
01—03

_ 2 2 gi
Al_al—I—a ~ T
2
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Fi(z) =536 (2) +q; (2))
% D i e*qi(x)

2XF1: momentum distribution

gi(x) =326 (q (@) - ¢ (@)
% D i e’ Ag;(x)

g1: spin distribution of quarks




Correlation between detected hadron and struck
'Flavor - Separation’

AT ~ 37, e (Agi(7) + Agi(v))
Au, Au, Ad, Ad, As, A5

012 = 052 i J dzD¢ (z, Q?)
G A= R e2qr(x, Q2) [ dzD!(z, Q2
1/2 T 932 £ €f £
N Z egq(x)f dzDg(z)
» > ead(x) [ dzDg(z)

7

Al(x,Q?) =

Ve

Solve linear system for Q with
- ==

A = (A1 p(%), Ara(x), AT (%), AT g(x), AF (%))

G (Au Ad Ad Ad As+ As
S ‘u’ d’a’d’ s+s

)
4
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Hadron Asymmetries on the DeuEron ‘
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Polarized Quark Dens:ties '
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Polarized Quark Densities
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Polarized Quark Densities
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How to measur AG :

v SvC

_;-t———?—- ¥=00083(+3600) EMC

x = 0.0141 (+330) - XAG(X) ot Qz
0

x = 0.0245 (+60.0)

x = 0.0346 (x12.0) ___ Method 2

x = 0.0490 (+3.0)

gt x = 0,0775 (+1.0)
¢ El43 . cmem. X =0.122 (x0.4)

. )
A HERMES —i-g=—jg—tsm—s x=0.173(+0.2)

gl e gl X = 0.245 (¥0.1)
—hw % x = 0,346 (+0.05)

___ NLO (BB)
T x = 0.490 (x0.04)

___ NLO (GRSV)
NLO (AAC) S e x = 0,735 (+0.04)

theor. syst. uncertainties

.




Direct Measurements o AG :

Isolate the photon-gluon fusion process

AG/G




Direct Measurements of" AG

Isolate the photon-gluon fusion process

pi'>1.5 Gevic

- - - GSA (<AG/G> ~ 0.4)
. GSB (<AG/G> ~ 0.3)
N GSC (<AG/G> ~ -0.1)

0.6 0.8 1 1.2 1.4 1.6h 1.8 2
p7? (GeVic)

within LO pQCD and PYTHIAS5 MC model
AG/G

AG/G

AG/G




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

deeply virtual ompton actors : . . .
[ Compton ] scaterng_J ) Generalised Parton Distributions
9, [

‘e
.
v,
e,
0
0
0
G
0
‘e
‘

timelike
Compton orbital angular 1
<, >l ~ore N, - i e = possible access to

transverse localisation O rb |ta| an g u Iar mome ntu m

[ ] J, = 3([1, 2de(H? + E9));
vy = wm,yy = KK 4 L 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

)
4
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What does GPDs characterize?
polarized
Hi(z,&,t)  conserve nucleon helicity
H%(z,0,0) =q, H(z,0,0) = Aq
Ei(z, &,t)  flip nucleon helicity
not accessible in DIS
quantum numbers of final state = select different GPDs

yu Y

pseudo-scalar mesons

He E1 H1 E9
, t, defined on the light cone
longitudinal momentum fraction momentum transfer (t = A?)
xBj/Q )

N exchanged longitudinal momentum fraction ( = ‘
hermes l—xzp;/2
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do o< |Tgu|* + |Tpves|? +

Isolate term non-zero azimuthal asymmetries
Imaginary part o« beam helicity asymmetry: e /e'? y
LA =

do— —do- o« Im(Tp57T5v0s)

et et ‘
X sing = / \

= asymmetry measured by and
GPD
real part o« beam asymmetry: p /< X
do.+ —do X (TsuTpyves)

Y - \/e’
= asymmetry measured by

no polarized target needed

i Y
¢: azimuthal angle between MQW A
lepton scattering plane

and the yv*~y - plane Bethe-Heitler

4
hermes E.C. Aschenauer



DVCS BSA and

e'p-eyX
HERMES PRELIMINARY 2000

(refined analysis)

AYD? |, <17 cev = -0.18 £ 0.03 (stat) # 0.03 (sys)

<t>=0.18 GeV?, <xz> = 0.12, <Q*> = 2.5 GeV?




e'p-etyX e'p - eyX

HERMES PRELIMINARY 2000 : ® HERMES PRELIMINARY

(refined analysis)

AYD? |, <17 cev = -0.18 £ 0.03 (stat) # 0.03 (sys)

<-t>=0.18 GeV?, <xz> = 0.12, <Q*> = 2.5 GeV?
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Improve Exclu



The HERMES Recoll Detector

Photon Detector
SciFi/Lightguide (3 layers tungsten/scintillator)

Connector Ring

C3 Collimator
(Tungsten)
SciFi 2
Water

Cooling SciFi 1

for Si Det.
Thin-walled
Si Det. Scattering
Chamber

Connectors

TIGRE Sensors

Si Det. Hybrid Si Det. Frame

(Aln)

Target
Cell

build by DESY, Erlangen, Ferrara, Frascati,
Gent, Giessen Glasgow

‘o
4
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detection of the recoiling proton
= p: 135- 1200 MeV /c

= 76 % ¢ acceptance

= 7 /p-PID via dE /dx

Background Suppression
=- Improved exclusivity
= suppress A contribution

iImprove t-resolution by factor 10
=- study kinematical dependences

data taking through last 2 yvears
of HERA

DPG-Teilchenphysik Mainz 2004



Deep Inelastic Scattering Cross Se

Cross Section: e _ @ (k,q,s) WHF'(P,q, S)
dQdEZ — QZE M ‘ ,

(for spin 1)

leptonic  hadronic

purely electromagnetic — calculable in QED

—g" Fy (2,Q%) +22F, (z,Q?)
+iet 2D (S g1 (2,Q%) + = (p-9Se — S - qpo) 92 (2, @?))

+ quadrupole terms (by, ba, b3, by)



1 1
do = doyy + cos2¢doyy + < cospdoyuy + — sinodor,u

Q Q
+S¢ [sin 2¢ + 1 sin ¢d | + [ + 1 cos pdory, |+
Q UL Q OLL
sin(¢ + ¢s) + sin(¢ — ¢s) + sin(3¢ — ¢s)ouT + % sin(2¢ — ¢g)douT|
ST — il o % c0s(2¢ — s )dopm] + ...

non zero Single Spin Azimuthal Asymmetries

o

1’1 4
e
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polarization Mulders and Tangermann (NP B 461 (1996) 197)



1 1
do = doyuy § cos2¢doyy + < cospdoyuy + — sinodor,u
¢ Q Q
1

+51,[sin 2¢ + % sin ¢doyr| + | % cos pdoyr|+
sin(¢ + ¢s) + fin(¢ — ¢s) + in(3¢ — ¢s)ouT + % sin(2¢ — ¢s)douTt]
+ [cos(¢ — ¢g) + 3 cos(2¢ — ¢s)dopr] + ...

Q

— 3 leading twist DFs survive k; integration

)
4
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Peculiarities of Transversity
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—> double helicity flip SIDIS
— chiral-odd Collins FF
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—> double helicity flip SIDIS
— chiral-odd Collins FF

L
JONO
probes of quarks

1 . high sensitivity to valence quarks
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—> double helicity flip
— chiral-odd Collins FF

t- O~

probes

4
h

1 . high sensitivity to valence quarks

'mes

E.C. Aschenauer

LISPR
¢:$~
. ~

SIDIS

of quarks

OO

Chiral-even distribution function
naive T-odd distribution function

Indicates non-vanishing orbital
angular momentum of quarks L, # 0

Violates naive universality of PDFs
Different sign of In DY and DIS



How can one measure Transversity /

fN—>q ® ® pDI—T

Distribution Fragmentat.-
function function

Sivers

fflT Dc11(z)

Sivers

hadron relative to initial target spin



AT HERMES [ PRELIMINARY

not corrected for smearing and acceptance effects

P, M weighted

8% scale uncertainty

0.3 04 05 0.6 0.7
y4




First glimpse of Si

AT HERMES [ PRELIMINARY

not corrected for smearing and acceptance effects

P, /M, weighted

8% scale uncertainty

filT D%(Z)

Sivers




HERMES first experiment trying to disentangle all

components to the spin of the nucleon

1 1
525( + + )—I—Lq—l—( —|—Lg)

1’1 4
4
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components to the spin of the nucleon
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Inclusive and Semi-Inclusive
g1 (x) high precision data on proton, deuteron and neutron

first time complete flavor separated quark spin distribution functions

1’1 4
4
hermes E.C. Aschenauer



HERMES first experiment trying to disentangle all

components to the spin of the nucleon

1 1
525( + + )—I—Lq—l—( —|—Lg)

Inclusive and Semi-Inclusive
g1 (x) high precision data on proton, deuteron and neutron

first time complete flavor separated quark spin distribution functions

first indication of sign from
scaling violation of g, (x) & isolating PGF (pairs of high p, hadrons)

needs results from RHIC and COMPASS
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GPDs: new avenue to study the structure of the nucleon
exclusive reactions with different final states are experimentally establishec
need Recoil Detector to ensure exclusivity and improve t-resolution

1’1 4
4
hermes E.C. Aschenauer



HERMES first experiment trying to disentangle all

components to the spin of the nucleon

1 1
525( + + )—I—Lq—l—( —|—Lg)

Inclusive and Semi-Inclusive
g1 (x) high precision data on proton, deuteron and neutron

first time complete flavor separated quark spin distribution functions

first indication of sign from
scaling violation of g, (x) & isolating PGF (pairs of high p, hadrons)

needs results from RHIC and COMPASS

Orbital Angular Momentum L
GPDs: new avenue to study the structure of the nucleon
exclusive reactions with different final states are experimentally establishec
need Recoil Detector to ensure exclusivity and improve t-resolution

The spin structure of the nucleon

first observation of non-zero Sivers effect
sizeable Collins asymmetries measured for 7%

1’1 4
4
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Integrated DIS HERA Run Il (polarized)
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Fascinated by !

R. Seidl Mo. 17.30 T107.7

H. Bottcher Mo 17.45 T107.8

|. Hristova Tu. 17.45 T301.8

A. Vandenbroucke We. 14:00 T401.1
Z.Ye We. 14:00 T401.5

W.D. Nowak We. 18.30 T506.10




	
	The Spin Structure of the Nucleon
	Deep Inelastic Scattering
	Experimental Prerequisites
	Virtual Photon Asymmetry
	World data on $mathbf {g_1(x,Q^2)}$
	Semi-inclusive DIS
	Hadron Asymmetries on the Deuteron
	Polarized Quark Densities
	How to measure $Delta G$
	Direct Measurements of $Delta G$
	The Hunt for $displaystyle mathbf {L_q}$
	GPDs Introduction
	DVCS azimuthal asymmetries
	DVCS BSA and BCA 
	Improve Exclusivity
	Deep Inelastic Scattering Cross Section
	DIS and SIDIS Cross Section
	Peculiarities of Transversity & Sivers
	How can one measure Transversity / Sivers
	First glimpse of Transversity!
	First glimpse of Sivers!
	Summary
	Fascinated by Spin ?

