Longitudinal Spin Structure
of The Nucleon

F.Kunne - CEA Saclay, France

* Nucleon spin
» Gluon polarization : direct measurements

evaluation from QCD g; analysis
* Polarized quark distributions
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Nucleon Spin = 3= ZAZ+AG+L +L,

quark gluon orbital momenta

AS = Au+ Ad + As
Aq=q-9q

A> Predictions:

- Naive quark parton model + relativistic corr. AX ~ 0.75
- QCD ; Ellis- Jaffe assuming As =0, AY ~ 0.60

A> Measurements:
01/ —03))
Polarized DIS [ N spin aymmetry A= =

Ig dx + neutron and hyperon decay measurements
to determine a,, singlet axial matrix element,
related to AZ
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Quark contribution to Nucleon Spin

World dataong;, > a;~ 0.2-0.3

0.8
0.6

* Quark Parton Model, a; = AZ o AL
* QCD (ABscheme) ap= AX —n¢(o/2m) AG *% As

Or

02 050051152253 354
AG

For a;=0.3, need large AG~25 (and L, ~ - 2.3)
to restore AX ~ 0.6

— motivated direct measurements of AG
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How to extract AG ?

- Polarized Lepton Nucleon Scattering
HERMES, (SMC), COMPASS

- Polarized pp collisions PHENIX, STAR

- QCD fits : Q? evolution of g,
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HERMES

Beam: 27.5 GeV et; <50>% polarization
Target: (un)-polarized gas targets; <85%> polarization
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AG, Aq all flavors, transversity, GPDs,
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COMPASS
160 GeV 80% polarized p

on polarized target
5LiD pt=507% 2002-2004, 2006
NH;3 pt=80% 2007 ., s -

a

L filter « «
o s /
o Ve
‘ >~ MWPC
Straws

o

Gem:

0 Spin physics: AG, Aq, gy, .
127 Drift chambe .
1 Transversity...

’ .
« “Micromegas

O
A SciFi Silicon

Hadron spectroscopy (2008)
GPDs (2010)...
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AG/G from Polarized Lepton Nucleon Scattering
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AG/G measurement

Photon gluon fusion y ¢ — ¢q

u
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M,

* charm > D0 - Kmn
scale u?= 4 m2?

theory understood, but:

combinatorial background & limited stat:

o =100nb, BR =4%, kaon identification
COMPASS

* high p+hadron pair > hh
-scale p2= Q2 or Xp;?

large statistics HERMES +
but physical background COMPASS



N 20 MeVia

COMPASS open charm

See talk by S.Koblitz
DO DO tagged by D*
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AG/G = -0.57 + 0.41 .« >-015 scale y2=13 GeV?

2006 data to come...
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AG/G from high p; hadron pairs

+ Q2>16eV/c2  COMPASS

Q%< 16eV/c? } HERMES +
- 1 hadron COMPASS
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COMPASS AG/G, high py hadron pairs @ te.e)

T*

a N ij _vh M/vh
q
Tuh T, \h q

G o© n G T h

Photon Gluon Fusion Leading process Gluon radiation
(PGF)
PGF ~ 33 % (Lepto MC)
Al épgf> AG ) d { Tp2> 2.5 GeV? (LO suppr)
— = — ] + ..
D~ "P\'D ( G Xg;¢ 0.01 (A, small)

COMPASS 2002-2003 data:

AG/G = 0.06 + 0.31 (stat) + 0.06 (syst) x> ~0.13

Value compatible with 0. Systematics small
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COMPASS AG/G, high p; hadron pairs

Q%<1 10 times more data, but additional background: resolved photon processes

o o o
o Y [\ & (5]

79~ (PGF)| 1 PGF ~30%
Y d—dg i
L — QCDC
Ya—q

qa9'—qq’
qg—aqg > T Resolved
— photons
T ~B0%

low p;
MC simul — Need polarized parton distribution in the photon:
PYTHIA - perturbative part calculable
COMPASS

- non pert. part of AQ" bounded by * @
— Estimation of the limited theoretical uncertainty for AG
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COMPASS AG/G, high p; hadron pairs

Q2< leev/ee  x,=0.085, pn®=36eV/c? 2002-2004 data

AG/G = 0.016 + 0.058 (stat) + 0.055 (syst)

AG/G compatible with 0. Statistics and systematics small

— Two independent COMPASS results (Q%<1 and Q%>1)
consistent with zero
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HERMES AG/G, high p; hadron pair

2000: ‘old" HERMES point shown with ‘old' projections
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HERMES A, |, high p; hadrons

“New point” :

Spin asymmetry for AL
various signhatures, <ot
0.2
p and d targets 0.
0
-0.1

ed— h*(h)(e)
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f — MC, AG/G=0 ¢




HERMES, new point, high p; hadrons

Competing subprocesses weight

€ 031--- acbc - ela./diff. VMD
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Pr(beam) (GEV)

-0.12
Ag/g(x,42) = 0.071 + 0.034(stat)  0.010 (sys-exp) 7ésys model)

Syst. model uncertainties still dominating (PDFs, PYTHIA model)

HERMES new result: AG/G is likely small
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A G/G direct measurements

) at Q=3

* COMPASS, opan charm
® COMPASS, highp Q=1 Gav*®
v COMPASS, highp,, Q%=1 Gav?® GRSV
] ] SMG, highp_, Q%1 GeV’
U 08 1 A HERMES, high p_hadron pairs, all QF, published (2000). ﬂg‘:‘;
..,\ T O HERMES, single highp_ hadrans, all o prel
U 0.6 || Soomos=o= fit with AG=0, M5 scheme, p*=3GeV”
- fitwith AG=0, Es;:mm,m::-lﬁav’ d
<:] = GRSV at p*=3 GeV + G = 0.6
0.9 - COMPASS 2002-2004
) - — = zero
-0F - \W
02 n
02F HERMES (new)
04
-0.6 :_I | | | N T | | | L1
1 X
10 100 g
— GRSV: Gluck, Reya, Stratmann, Vogelsang PRD63 (2002) 094005
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Large AG strongly disfavoured



AG/G pp collisions at RHIC

Absolute Polarimeter (I-'I jet) - RHIC pC Polarimeters

BRAHMS & PP2PP (D)

W

A

Lo = 2010 5 o™
70% Polarization
Vs =50...500 GeV

: - Sibertan Snakes
Spin Rotators

Pol. H™ Source
500 wA, 300 us g
w0

2 % 10! Pol. Protons / Bunch

Strong AGS Snake
v € =20 © mm mrad

LIBAC BOOSTER

200 MeV Polarimeter <7 / a—AGS Internal Polarimeter

Rf Dipoles —® "~ AGS pC Polarimeters
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AG/G pp collisions PHENIX and STAR

Various channels detected, sensitive to gluon at LO:

pp — vX pp —jet X pp & nX pp —»ccX
c“gq9 c; 9q99qj A 99999 99 2 qq
&XE

» Different kinematics and systematics
L T - Beam energies 200 - 500- 64 GeV
r B gg»qq E gg-qq

osF € qq'»qq qq-ge

i qq'-qq' qq-gy — pT or Xg range
075 F qe-qg qq-q'q'
g 9g-qy  qq~ll

PR PO FTTI PERY PETU FERY PRI FUTE PETL N
0.8 0.4 0 0.4 0.8

cosV
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STAR - A | results

AHKRfor pp — m° X

pp — jet +X

prellmlnary p-l-p—) 0 -I-Xat\l_ 200GeV0.1<n<09 0.2
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PHENIX - A, for pp — n°

=8 :IIO.DS_
- PHENIX Preliminary
0.04
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Run3,4,5: PRL 93, 202002; PRD 73, 091102;

hep-ex-0704.3599

Overlapping p+ bins cover wide
range in x;: py=2-9 GeV/c —
X,=0.02-0.3

* GRSV model: A6(x,=0.02—0.3) ~ 0.6-A6(x,=0-1)
*"GRSV-std" excluded by data on >3 sigma level (Vogelsang and Stratmann,

stat. only)
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PHENIX 200 & 62 GeV

0
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From Bazileski, PACSPINO7
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arXiv: 07071371 [hep-ex]

- Different sensitivities of charged pions to Auand Ad — more

sensitivity to sign of AG
- Less background than in n°

- Statistics run05: no constraint on AG yet. (2.7 smaller for run06)
- Problem in fragmentation functions ?
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Gluon polarization and nucleon spin
(from direct measurements)

0.8 : ,

* AG = not large osf |

= AX ~ 0.3 small (# predictions)

_._.--L""‘:—-__
02
-1-050 05 1 15 2 25 3 35 4
AG

» Consequence for spin decomposition

7= AT+ AG+ L + L,

( 303+035+ 00
possible scenarios: { 103+00 + 0.35

L ... or even AG<0
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AG/G from QCD fits
Global analysis of g; world data



Global analysis of g; world data

DGLAP evolution equations rule 6/ 0 InQ?
dependence of parton distribution functions

Method
- parameterize parton distributions at Q,?
e.g. Aq; ~ X% (1-x)Pi(1+yix)
- DGLAP evolution to measured Q?
- calculate g; and fit all g; data together

AY and AG coupled in the evolution

— Indirect determination of AG(x), assumming an initial
parameterization

F.Kunne, Saclay
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Big lever arm in x and Q?
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QCD fits of g,

Various NLO pQCD global analyses of world data on
g, P-4 nwith different parameterizations

Results : Au Ad well constrained, but AG shape unknown

Progress when including new data, e.g.:

- AACO6 analysis including g; new data from
HERMES, COMPASS and JLAB + PHENIX A =

AAC -hep-ph/0603213

- COMPASS analysis
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Global QCD analyses: AAC, BB, LSS, GRSV ..

XAU, . J@-16v S XAG
3 ne] ... GRay .
03] \ ) :JB_:S
na] xdu i) ;_" \ o o AG=0.31+0.32 at Q2:1 GeV?
ol \ = AR o
n — 0l il 1 A ik =

T | _
XAd, || e 7| XAQ

X -.":.:Errﬂx'-

Y ks v':'-t_ _-.,::
i V.| | Ag=-0.05+0.01
— Z .['_"I.T_E"J" 1:':= 1 Ge%™
am il i1 S T 1 )
X by

AAC - NLO, hep-ph/0603213

Compared to GRSV, BB and LSS
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COMPASS - Global QCD NLO g, analysis

— two solutions, one with AG >0 , the other with AG <O

fitwith AG=0

| fitwith AG<0
COMPASE, opancharm, pral.

N\ [AG(x) ~0.2- 0.3

S *
i COMPASS, high p_, O°<1,prel.
E i : COMPASS, high E:, Dz':-‘l:Eral_
[ |
<] = A
4

SWIC, highp_, e g

- HEHMEE,highpT,auof,:zmu:
| HEHh.-'IEE,highp_r,aIIO',in:I.,pral.
D.q-_— ’
0.2
- M S _
=S . . e I e s A x ~N - O.3
b 1 : JAG(x)
0.4—
(Q2:3(Ge\//c)2) 'D-E:_f [ i [ | | L i | i [ |
107 10" X

AG measurements not included in fits

- For both solutions, small first moment |AG| ~ 0.2 - 0.3
+ A¥=0.30 + 0.01 (stat.) + 0.02 (evol.)
« As=0.08 + 0.01 + 0.02(— COMPASS data alone)
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Impact of low x data

0.03

(x)

® COMPASS
* SMC
— fit withAG>0
" fit withAG<0
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only 2% correction from
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QCD fit with AG>0
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QCD fit of LSS, GRSV, BB
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Disagreement of new data with earlier QCD fits
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Flavor separation Au, Ad, Aq, As

Semi-inclusive DIS : up — p' h X

' Outgoing hadron

H K.,...
uﬁ(< - — quark flavor
P Fragmentation

X function D"
2 N\Ah h 2
e _ ququ Ag D, (z,0%)
1 o j—
Zq quthq zZ Eh /v

deuteron & proton data necessary
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HERMES semi inclusive : Au Ad AU Ad As
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In measured Xp; range (0.023 - 0.6)

[ Au =—0.002 + 0.043

5 2| Ad=-0.054+0:035
% 1pe
4 L) 2 S et Y S * _____________________
L [As=+0.028% 0.0?4
ey —
T )
%0'1 S(:cE)R  s(x)+5() Ref*ined analysi
—— u* ------------------
o1t
o X'

[\ AS=0.006+0.029+0.007




JLab Aq/q high x

1 | I ! ! ! ! I 1 ’: '
EG1 collab. 0.75 i ‘“_“‘|_r,..,.-_._-:>""1:
Hall B
2 05
3 SR
0.25 O HERMES

A JLab/HallA

Ad/d

0 0|.2 | 04 0|.6 0.8I | 1
X Phys. Lett. B 641 (2006) 11

High x data improve NLO PDF fits
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COMPASS Semi inclusive : valence/sea

Only deuterondata pd—p' h X D; # qu — separate valence and sea

u,=u—u
See talk by W.Wislicki LO: A" (x) = Au,(x)+Ad, (x)
u, () +d,(x)
X(Au,+Ad,) SIDIS data, Q*=10 GeV? In‘regr' als:
0.6 X(u +d,), MRSTO4

. Au+Ad,= 0.41 + 0.07 + 0.05

051 o smcos

H A& HERMES 05
0.4¢ ‘
H —— X(Au,+Ad, ), DSN

0.3 o

COMPASS

* using Au,+Ad, , I'y and ag!

Prog

0.2 -

0.1f AT+ Ad =0.00 £+ 0.04 + 0.03
oF

0.1} Data favor Au= -Ad, in

02 RASS, contrast with usual

3B ™ A S

R . assumption: Au=Ad=As=AS,
X leading to Au,+Ad,=ag = 0.58
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Summary ...
* AG likely below 0.4, direct measurements & g; QCD fits
* AX ~ a, how established (since AG small)
and low x contribution measured

-Total Nucleon Spin: 3= zAZ + AG + L+ L,

Possible scenarios (%0-3 +0.35+ 00
20.3+00 + 0.35

or even AG<0

A

.. and Outlook:

COMPASS: 2006+2007 stat., larger acceptance + improved RICH +
3-cell target; proton data. AG/G, g;, semi-inclusive — QCD fits

RHIC : More stat on n channels; new channels : vy +jet... Auand Ad
JLab : g, and semi-inclusive data — QCD fits
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