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Overview

@ Motivation

@ Quark Distributions
@ Spin Puzzle

@ Gluon Polarization AG/G, (Spin 1,2,3)
@ Quark Helicity Distributions Agq, (Spin 1,3)
@ Transversity Distributions Arq (Spin 4,5,8,9)

@ Generalized Parton Distribution (GPD)
(Spin 6,7, Future of DIS 1,2, DIFF 9)
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Quark Distributions

q(x);

q=u,d,s,i,d,3,G(x)
Aq(x), AG(x) (helicity) @. @_
A1q(x) (transversity) @ - @

@ All three types of distributions needed to fully describe
nucleon in terms of parton distributions
(at leading twist, integrated over pt)
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Quark Distributions

Our knowledge:

(x),
Z: u,d,s,i,d,3, G(x) good
Aq(x), AG(x) (helicity) @. @_
A1q(x) (transversity) @ - @

@ All three types of distributions needed to fully describe
nucleon in terms of parton distributions
(at leading twist, integrated over pt)

Jorg Pretz Spin Overview



Quark Distributions

Our knowledge:

q(x),

qg=u,d,s,i,d,3,G(x) good
Aq(x), AG(x) (helicity) @ @—- fair,poor
A7q(x) (transversity) @ _ @

@ All three types of distributions needed to fully describe
nucleon in terms of parton distributions
(at leading twist, integrated over pt)
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Quark Distributions

Our knowledge:

q(x), _

qg=u,d,s 0,d,s, G(x) good
Aq(x), AG(x) (helicity) @ @—- fair,poor
A1q(x) (transversity) @ . @ poor

@ All three types of distributions needed to fully describe
nucleon in terms of parton distributions
(at leading twist, integrated over pt)
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Nucleon Spin Puzzle

3 S 4 AG 4 Ly 4 Lg
Spin orbital angular momentum
quarks gluons quarks gluons
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Nucleon Spin Puzzle

Y
s =7 A & AE - Ly 4+ Lg
Spin orbital angular momentum
quarks gluons quarks gluons
éAz = Au+ AU+ Ad+ Ad+ As+ A5

= Au, + Ad, +2(A0+ Ad) + As + A3
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Nucleon Spin Puzzle

Y
s =7 A & AE - Ly 4+ Lg
Spin orbital angular momentum
quarks gluons quarks gluons

= Au+ A+ Ad+Ad+As+ AS
= Au,+ Ad, +2(At+ Ad) + As + As

Au — fol AU(XBJ') dXBJ'
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What do we know?/What did we know?

® AYjnepis =02—-03 «  AY,0om~0.75

@ large first moment AG = fol AG(x) dx ~ 2.5 would reconcile
AY jncpis and AX . om results

o Lg,Lg unknown

[%:%AZ+AG+Lq+Lg]
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AG
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AG

How to measure

Use hadronic final state in DIS to tag gluon!
g+ N — p/ + hadrons + X

}/hadrons

A

hadrons %
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AG

How to measure

i+ N — ' + hadrons + X

/hadrons

[ Use hadronic final state in DIS to tag gluon! ]

A

hadrons %

How to tag Photon -Gluon- Fusion sub-process
Y'g—4qq?
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AG

How to tag v* — qq?

hadrons advantage disadvantage

open charm clean tag low statistics

high pr

hadron (pairs) | higher statistics | background processes
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AG

How to tag v* — qq?

advantage disadvantage
open charm clean tag low statistics
high pr
hadron (pairs) | higher statistics | background processes

— hadrons

hadrons
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AG

How to tag v* — qq?

advantage disadvantage
open charm clean tag low statistics
high pr
hadron (pairs) | higher statistics | background processes

g hadrons

Y
p;>0.7 Ge
hadrons

Compton process one of background processes
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AG

How to measure

@ To tag gluon look at
o charmed hadrons
o hadrons with large transverse momentum
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AG

How to measure

@ To tag gluon look at
o charmed hadrons
o hadrons with large transverse momentum
@ To learn something about spin measure double spin
asymmetries

raw _ NTL—NTT AG
[ AR = NTTENT X G

number of events (high pr or open charm)
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AG

High pr <> open charm

High pr Open Charm

D*t — D%t — K—ntnt
PGF |
| e ”
9

N(D°) 3869+ 104
S,4=1966 +/- 51

Mass  4.9+0.8 MeV/c*

Toom 1 1600 Sigma 28,6 +0.9 MeV/c?
Qcbc vad] b
e - COMPASS pretiminary
4990 1000
9999 =~
9999

low p,|
Leading E

N/20 MeV/c?
]

==

F
L BE8
H
s

::)(olf)-m(D: l)[MaV/c;im
= 7@;’?;[) - ~03 R= 7@;’1'2 e 0.5
from PYTHIA/LEPTO MC from data

OpGF+0bgd G

NTL_pNTT AG
[ Araw — L Pg Pt f aj —2BeE _|_Abgd ]
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AG

Experiments

Experiment method V/s/GeV
SMC (jiN) high pt pairs 19
HERMES (&N) high pr pairs 7
single high pr hadrons
COMPASS (iN) high prt pairs 17
open charm
STAR (5p) JET 200
PHENIX (5p) 0 200
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AG

Results on from DIS

* COMPASS, open charm
Y GOMPASS, high p , Q<1 GeV?
v COMPASS, high p,, @*>1 GeV* GRSV
[} SMC, highp_, Q*>1GeV?
w 0.8 A HERMES, high p__hadron pairs, all @, published (2000). (A G= 2_5)
A - o HERMES, single high p_hadrons, all Q, prel
w 06l fit with AG>0, MS scheme, nz=3GeV*
o fit with AG<0, MS scheme, p?=3GeV?* 1 td
————— GRSV atp?=3 GeV’
< o4t T G =0.6)
0.2
-0
-0.2—
-0.41—
0.6

10" X

-
(=]
0

@ Data show small values of AG/G at xg ~ 0.1
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AG

Results on from DIS

* COMPASS, open charm
Y GOMPASS, high p , Q<1 GeV?
v COMPASS, high p,, Q*>1GeV?
[} SMG, highp,, Q*>1GeV?
w 0.8 A HERMES, high p__hadron pairs, all @, published (2000).
A - o HERMES, single high p_hadrons, all Q, prel
06l fit with AG>0, MS scheme, u?=3GeV?*
o fit with AG<0, MS scheme, i?=3GeV?
< GRSV at u?=3 GeV?
04—
06 ST R L

10" X

-
(=]
0

@ Data show small values of AG/G at xg ~ 0.1
@ Gray bands: NLO QCD fits to inclusive gl’"’d
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from NLO analysis of SF gy

|COMPASS, 0°=3 (GeV/c) |

~ 0.2
= E
& 0.15F
Z~ E i
YA [ o
0.05; o
O (It
-0.05= d} evolved by fitwith AG>0
0.1 v devolved by fit with AG<0
0155 @ d'evolved with LSS,GRSV,BB
o QCD fit with AG>0
02 A e QCD fit with AG<0
-0.25F QCD fit of LSS, GRSV, BB
_0 ":l N Il N Il Il Il N I
) 102 10" 1
X

o data from SLAC exp., SMC, HERMES, COMPASS, JLab

@ NLO QCD analysis leads to two solutions with similar x?

o LSS, GRVS, BB fit done before new COMPASS data were
published
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AG

Results on from pp

15 STAR P +p —jet + X at \s=200 GeV_0.2<1<0.8

3 F — orsvsua % [ PHENIX Preliminary  GRSV-ma
oq0. — ' GRSV dg=ginput 008~ Run5 Photon Trigger
“UF ---- GRSV ag=0input [ +Run6 Photon Trigger, hig|
F GRSV Ag=-ginput 0.04
0.05— - [
E sl | |GRs\std
. * ]
g of i
0.05F [ 1 aakiC
F AEE Scaling error of 40%
r is not included.
-0.0aL. I | | I | | | | |
| i 2 3 4 5 6

8 9 10
16 pr (GeVic)
p; [GeVic]

STAR: PHENIX:
p+p— Jet + X ptp—m’+X

Partonic subprocesses:

g8 — gg: AL xAG?
Gg¢ — qg: Al xAGAgq
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AG

Summary:

@ direct measurements show: AG/G small at xg ~ 0.1
@ confirmed by indirect measurements
@ Scaling violation of g} "9 structure function
o pp scattering at RHIC
@ Large first moments AG = fol AG(x)dx =~ 2 —3 ruled out by
data
o AG = fol AG(x)dx =~ 3 (gluon carries 100% of nucleon spin)
still possible
@ shape of AG(x) not well constrained
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Agq

Helicity Distributions Agq

Look at double spin asymmetries of specific hadrons:

Ah — Za e2(Aq Dh+0g Dh)
>, e2(q Di+3 Dl

%01 HERMES PRELIMINARY
HERMES: ) + :
K+, K~ op L N S
01 [ L

° fol.oz(As + AS)dx = 0.006 & 0.029 + 0.007 in contrast to

o [3(As+ AS)dx = —0.08 £ 0.01 £ 0.02 from inclusive DIS
@ = As+ A5 <0 at low x
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Agq

Projection for COMPASS

XAS

\/

-0.1
L *COMPASS
F °HERMES
Ly n ol

10? 10" 1
X

o HERMES data are older published data!
@ Projection COMPASS existing deuteron data + 2 year proton

@ Extraction of As + AS also possible using only deuteron data
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Agq

Helicity Distributions Agq

Ah+—h_ ~ Auy+Ady
d ~ uy+dy

independent of fragmentation functions

4

< 0sf

S
T
——
—
07
J(Au‘wLAd‘)dx

L L
10° 10 1

10 10" 1
x

+_ —_ . .
) AZ "™ measures valence quark polarisation

@ inclusive A‘f measures valence+sea quark polarisation
= Difference tells you something about sea:
— 3 F_h—
AT+ Ad =3MV(AY) — A (A ") + Las

Jorg Pretz Spin Overview



[ Transversity ]

Jorg Pretz Spin Overview



Transversity

Transversity distributions

[ Azimuthal Asymmetry o qugATq(x) X analyzing power ]

To measure transverse polarization of quarks different
“polarimeters” proposed:
Collins Asymmetry quéATq(x) AOTDg(z, Ip2)
2 hadron correlation o quZATq(x) HZ(z, M)
. . A
A - Eolarlzatlon o« XgegATq(x) A1Dy(2)
Analyzing power does not depend on x!
@ Analyzing power is different for different processes and
sometimes even not very well known — important to try

different methods.
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Transversity

Transversity distributions

[ Azimuthal Asymmetry o qugATq(x) X analyzing power ]

To measure transverse polarization of quarks different
“polarimeters” proposed:
Collins Asymmetry o« X e2A7q(x) AOTDg(z, 1p))
2 hadron correlation o quZATq(x) HZ"(z, M)
A - Polarization o« XgegATq(x) ATDM(z)
Analyzing power does not depend on x!
@ Analyzing power is different for different processes and
sometimes even not very well known — important to try
different methods.

@ Results of combined analysis of HERMES, COMPASS &
BELLE data
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Transversity

Combined Analysis (Anselmino et al.)

Inputs:

@ Proton Collins Asymmetries from HERMES
@ Deuteron Collins Asymmetries form COMPASS
@ Fragmentation Function from BELLE

Output:
o Aru(x),Ard(x)
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Transversity

Collins Asymmetries

HERMES: proton target COMPASS: deuteron target

0.12,

—_ 01 ® 0k +
< + + ) h
S o0 T =
% ool f Qe
£ ood &L 0 ..o-s‘kl
£ ooz c
[ = B D -0.05-
< -0.02 < o1 L
o2 I . . .
s obd 5 04 h t
g oz < 005 t
* 00 > .05
£ o0 < AL %
£ =-008 S - '
0 D o4 L & 5005t L
0120 TT L < o t
D I . .
0 0102 03 04 05 06 s P .
X X

HERMES: COMPASS:
Atq+#0and ASD] #0 Aru~—Atd
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Transversity

Fragmentation Function

Two hadron Correlation from Belle: eTe™ — hiho X

=
N
s
°2" 02<2,<03 [ 03<z<05 o o8
o [ % 06
— !
N od =
2 )y 04
y‘: 0.05- g g r B Srere e ZQ
<c 4 = 7] < 02
T
0.2 L &
05<2,<0.7 07<2z,<1 T 1
0.150 b &l
- Q s
N o1 — [ =
2 oodl b5 | N s
o }‘. g
S o L o o4
< z
05— L <
02 04 06 08 02 04 06 08 ' 0.2
z, z, 0
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Transversity

Results (Anselminio et al., hep-ph/0701006)

0.5
0.1
04 < 0.05
X o3l X
~— b o) 0H
S o2
i [
<l 0.1} <
P%d -0.1
X 0 -
S 1 1 1 -0.2 - 1 1 1
02 04 06 08 02 04 06 08 1
X X

@ Atu(x)>0,Ard(x) <0
o Soffer Bound: |A7q(x)| < 3(q(x) + Ag(x))
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Transversity

More Transversity

@ Identified Hadrons 7, 7=, KT, K= (COMPASS & HERMES)

Different access to A1q(x):
2 hadron correlation, A Polarization

(]

different asymmetries (Sivers, ... )
Results from BELLE on fragmentation function
Results form RHIC (PHENIX,STAR,BRAHMS)

Future:

@ COMPASS runs on proton target in 2007 and beyond,
@ Plans to study transversity at JLAB

e ¢ ¢ ¢
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Transversity

Sivers Asymmetries

for identified hadrons,

5 *— COMPASS *— COMPASS n
@0 —— HERMES (DIS08) -— HERMES (DIS08)
Lo Pt
] Wt .
L N S e boogdgftd
4 @ HERMES proton target:
| effect is therel
0.2 e e :
w0 w10 @ COMPASS deuteron
Xg Xg )
0.4 - target:
z 1 GERREisos) . EERVES 0is0s) AS,‘V . Agu—i—Ag—d ~ 0
Lozl i i i - u+d ~U=
dpitbeatd Lo diald cancelation
t : between u and d quark
-0.21
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GPD

GPD
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GPD

GPD from Exclusicve Production of Photons (DVCS) or

Mesons

[/+N—>I’+N+’y]

gives access to generalized parton distributions (GPD)
H ,E, Hand E
Ji's sum rule:

[ L [ x(Hq + Eq)(x,€,0)dx = J, = LAY + Lg ]

@ Results HERMES, JLab, HERA

@ near future COMPASS (exclusive p production on trans. pol.
target)

@ Future Plans COMPASS (> 2010), JLab 12 GeV, FAIR(GSI)
(=~ 2014), EIC (?)
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GPD

Transverse Target Spin Asymmetry for DVCS on the

Proton

sin(¢-0)cos(0)
Ayr s

0.2

0.6}

"HERMES ' " '
E PRELIMINARY F
[ (in HERMES acceptance) I

T
e* p" —e'y X
(M, < 1.7 GeV)

. - (hep-ph/0506264) —

[ e | e ] s
0 025 05 0 01 02 03 0 25 5 75 10
-t (GeV?) Xg Q? (GeV?)

@ Provides a model-dependent way to extract J, with the
assumption J; =0
@ HERMES (proton target) more sensitive to J,
@ JLab, Hall A (deuteron target) more sensitive to Jy
= Extraction of J, and Jy possible
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Summary
Summary & Outlook

Summary:

@ AG small at x; =~ 0.1

@ Semi-inclusive asymmetries used to determine g, (x) and
qsea(X)

@ first results for Atu > 0 and A+d < 0 from an combined
analysis of HERMES, COMPASS and BELLE data

@ DVCS provides access to J; = %AZ = IL;
Outlook:

o AG: COMPASS, RHIC

o Ag,gi: COMPASS, JLab

@ transversity: JLab, RHIC, COMPASS
@ GPD: JLab, COMPASS
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Summary

SPARE
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Summary

The Nucleon Spin Puzzle

But NLO! QCD 2 corrections make interpretation of AX difficult
due to axial anomaly:

AY — Ay — %AG , (s : strong coupling constant

As — As — g‘—;AG

AG = G' — G', polarized gluon distribution

0.8
0.6;
04
02

-0.2 bt

-1-050 051 152 25 3 35 4
AG

AX

AS

!next-to-leading order
2Quantum Chromo Dynamics
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Summary

The Nucleon Spin Puzzle

But NLO! QCD 2 corrections make interpretation of AX difficult
due to axial anomaly:

AY — Ay — %AG , (s : strong coupling constant

As — As — g‘—;AG

AG = G' — G', polarized gluon distribution

0.8]
0.6 For AG =~ 2.5 —,

04 25 AY =~ 0.6 and As ~ 0
o.zz— AS [ — Measure AG !l

-0.2 '

-1-050 051 152 25 3 35 4
AG

!next-to-leading order
2Quantum Chromo Dynamics
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High pr: Data

1000 E 1000
500 4 5000
2r ﬁ 1 2r
1 fvr{‘wh = 2 Sy 1 ~ vﬂ,\
ok
2° 102 10 1 10 0 02 04 06 08
O’ [(GeV/cT]
1500 F 3
2000~
1000( -
s00- i 1000
2f | \ 2r |
1— AR 1 }‘
¥
0 20 40 60 80 0Og 3
p [GeV/c] p. [GeV/c]
Jorg Pretz Spin Overview

Summary




	G
	q
	Transversity
	GPD
	Summary

