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The spin of the nucleon

SN
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Main sources:

AY, As
AG
Au,Ad,As

L,

inclusive DIS
PGF in DIS, gg in pp

Flavourseparation in SIDIS
W= in pp
DVCS

E. KabuB3, GPD2010, Trento, 12.10.2007



Deep inelastic scattering

Q* = —¢° z = FEn/v
v =E—F pt : transverse
r =Q%/2Mv momentum
q(z) = q(x)* +q(x)~ + quark 77 nucleon
Aq(x) = q(z)T —q(z)~ — quark |T nucleon

e photon nucleon asymmetry

A = T1/2 = 03/2  2q 63 (g(x)" —q(z)”)  gi(x)
o1/2+ 032 g eg (q(@)T +q(x)7)  Fi(w)

e spin structure function
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Experiments
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Experiments
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Kinematic domain of pDIS experiments
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Inclusive asymmetries
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World data for Ali”d (Q* > 1 (GeV/e)?)
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- compatible with 0 for x < 0.01

- good agreement between all exp.
—— weak (Q? dependence of A;
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d
A} at large x
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: ® This work ® This work
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e CLAS data ((PLB 641 (2006)11) slightly below the other experiments

e in reasonable agreement with HFP(hyperfine perturbed) quark modell
(shaded area)

e can be used directly to extract Au/u and Ad/d
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Spin structure functions
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d World data on g7 in DIS) f;%
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e high statistics g1 = Alﬁ from proton and deuteron data
e Final HERMES data: New method for smearing corr. (rad. corr. and resolution)
e more data to come from COMPASS, in addition g7 from *He
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What you really would like to have:
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World data on g;(z, Q?)
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It's getting better — QCD analysis, but collider data clearly missing!

e Au+ A and Ad + Ad well constrained by data (LSS PRD 80 (2009) 054026)
e As and Ag need other data in addition to inclusive data
e As comes out negative (except for DSSV) and AG small (< 0.5)

Can one learn something without these fits?
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First moments of g¢

e COMPASS and HERMES: T'}Y = fol gYdx from deuteron data

— data used in measured range, QCD fit used for extrapolation
— contribution of unmeasured region few %

e using: a,gTS:AE and FN é(aoAC MS 4 1 la AcvMSS)

ao(Q? = 3(GeV/c)?) = 0.35 £ 0.03(stat) & 0.05(syst) COMPASS
ao(Q* = 5(GeV/c)?) = 0.33 £ 0.025(exp) % 0.028(evol) & 0.011(theo)  HERMES

e assuming SU(3) symmetry: (As + A3) = 3(ag + as)

(As + As) = —0.08 £ 0.01(stat) £ 0.02(syst) COMPASS
(As + As) = —0.085 4+ 0.008(exp) 4+ 0.009(evol) + 0.013(theo)  HERMES

e negative strange sea polarisation

E. KabuB, GPD2010, Trento, 12.10.2007 14



Non-singlet structure function o
\ /
non-singlet structure function —
Xg)>(X)
ano o= g -9 0
d i
9 08 -
= 2 [911) 1 11-5WD] "L compass data I [
0.06 |-
Bjorken sum rule 0.04 |-
1 0.02 |-
/ g Pdx = JA| ONS I
0 gV 0 __uig Lo Lo
107 10*
QCD fit of COMPASS data alone: Agns = g—é (1 — )P

ga/gy = 1.28 4 0.07(stat) &= 0.10(syst)

dominant systematic errors: beam and target polarisation

PDG value:

ga/gy = 1.269 + 0.003

E. KabuB3, GPD2010, Trento, 12.10.2007
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Quark polarisation in the valence region

o CLAS EGI result for A

e assuming negligible sea contri-
bution

o Au/u>0

o Au/u—1forz —1
consistent with QM, pQCD,
disagrees with SU(6)

o Ad/d <0
up to highest = ~ 0.6

e disagrees with pQCD without
orbital angular momentum
but agrees e.g. with HFP quark
modell

Ad/d

----
,,,,,

L

e This work
0 HERMES
A JLab/HallA

E. KabuB, GPD2010, Trento, 12.10.2007
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Gluon polarisation

E. KabuB, GPD2010, Trento, 12.10.2007
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AG /G measurements in DIS

Photon gluon fusion Direct methods
U i’ e Open charm production
Yg — cC
DO, D*

hard scale: M?
theoretically clean channel,
low staticstics

e High pt hadron pairs

qper _ Jd8A0TCTAG(wy, §) 78— A
W [dsoPCFG (ag, 8) — 2 jets or HTH™
~ (alS) % hard scale: Q% or Yp2

high statistics
contributions from background

< PGF
processes

a; ) analysing power
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Open charm production

e channels investigated
COMPASS 2002-2006 D; _ (D* tagged)
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e all deuteron data (PLB 676 (2009) 31)

o all Q2, ar.L in LO

e
S
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COMPASS 2002-2006 D}
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e improved analysis method

Preliminary

channels (preliminary)

N(D°) = 46400 l)>|< — DOﬂ'SlOW — K7T7T7T510W

Ag/g = —0.08 £ 0.21(stat) + 0.11(syst)

-QOO -300 -200 -100 0 100 200 300 400

My - Mo (MeV/c?)

at z, = 0.11

e update with proton data (2007) and

E. KabuB3, GPD2010, Trento, 12.10.2007
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High pt hadron pairs

| — data 2006
—@- LEPTO def. tune

Ag/g(a?g) — (A%iﬁ + ACOH)/B 10.1é__ ey - New tune

10-2 -] e

e selection
Q%> 1 (GeV/c)?, pit"2) 5 0.7(0.4) GeV/c

10° — coupass mghp %
e background processes | @G
QCD-Compton, leading order ARTRITUITINTIR. .
(plus resolved photons for small Q?)
e improved MC (Lepto) and NN method, %8 ....................... g
new JETSET tuning Slfiﬁﬁﬁfﬁﬁff:fff;ﬁ..ﬁ""" 14l..
S o
e new preliminary result from all deuteron data 1-4'..5.&.‘*#*
(2002-2006), three bins in o
Ag/g = 0.125 + 0.06(stat) - 0.064(syst) 0; _____ SR
| | P, GeV/c

e at v, = 0.09 and scale p* ~ 3.4 (GeV/c)?
similar for other variables
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Results for AG/G

o COMPASS, highp _, Q?>1 (GeVic)?, prel., 02-06
O COMPASS, highp _, Q%<1 (GeVlc)?, prel., 02-04
06 Y COMPASS, open charm, prel., 02-07
®)) ) ] SMC, highp _, Q?>1 (GeVic)? J v
’
~ A HERMES, high p . all Q2 ,,’
@) 0.4l COMPASS Global fit with AG>0, p>=3(GeV/c)? /
q N IETITRR COMPASS Global fit with AG<0, p?=3(GeV/c)* J/
4
— ,I
4
0.2 A8
- B
— T . ’/”
3] E— + =S T
-0.2[— [ 1
-0.4—
061 | B | |
10 10 Xq

e AG/G is small or has a node around =, ~ 0.1
e supported by recent PHENIX and STAR results from pp-collisions

E. KabuB, GPD2010, Trento, 12.10.2007



AG/G from pp collider

RHIC: pp at 200 GeV Methods
RHIC pC Poarineter — cleanest channel

Absolute Polarimeter (H jet)

I

PHOBOS
Siberian Snak

LINAC BOOSTER

Pol. Proton Source
500uA, 300us

Design—Luminosity
Design Polarisation
Energy Range

‘e BRAHMS

Siberian Snake - Up tO NOW.

¥~ AGS Internal Polarimeter

= 200 GeV p+p
Midrapidity

0.1

2

\\IlllIlllllllllll\llllll

4 6 8 10 12 14 16 18 20
P, (GeVic)

& PP2PP prompt photons: qg — qv

— needs high luminosity

qg — 98

Number of Protons — pionproduction, jets
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Experiments

STAR PHENIX

e analysis of 70 n, 7+

, ¥ production

e first results from W= production

Solenoid Magnet %R
B |
EIectro?r:I:gnetic DDDDD DDDDD x PHENIX DeteCtg(g
Calorimeter | Central TH
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ime
| Projection
i Chamber z
(TPC) 100 em
el T T e
E = ;;/ ﬁ-!!,,, ourters @.m
Silicon
— Vertex
magnet Tragker Endcap
poletip_) Forward TPC ~ EMC
AE—
InNNR RN
West Beam View East
%
3 Central Magnet
e analysis of jet events at midrapidity |||
+

L aISO: dljet, 7TO, s ZDC South ZDC North

e first results from W= production ||||||H I ﬂﬂd
South Side View North
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PHENIX results

¥ production 70 asymmetries
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STAR

results

jet production

-0.05

jet asymmetries

4 STAR Data
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e good description of cross section

with NLO QCD

e all RHIC Ay favour small gluon distri-

bution at 2 around 0.1
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What about cross sections from COMPASS?

o first step: luminosity determination for part of 2004 data
spill structure, effective beam flux (target dimensions),target density, DAQ and
veto deadtimes taken into account, 6L = 10%

~ run 38303 - spill 102
i 60i<10G P
B L 000000000agege00®®""% C\’I_\ 1
S 5o 00 2 JMPASS hadron acceptance ;0_9
7 - > 10 2 2
c - [} Q>1 (GeVl/c) 08
3 i o e “—o.
3 40 - —0.7
= - o
o I g 1 —0.6
s S0 —0.5
20 ) . —0.4
- 10 0.3
10— 0.2

- COMPASS 2004

[ . 160 GeV/cp* beam 1072 0.1

_ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |

O0 1 2 3 4 5 6 2 25 3 35 4 45 5 55 6 6|5b
a
time in spill (s) n

e second step : acceptance determination for 2004
muon acceptance relative flat, between 60 and 80%
hadron acceptance very similar for h*t and h~
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2

(F. COMPASS) / (ENMC)

Unpolarised structure function

B e o v e e e e e e """""’"""""”3(’,3]’5()’.0175’(45.’0’)
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:’ ”””””” oo 0 U OV U@~ 2 ""’”""i”"’”*”'”f”””’”k}aj’i’()’,()éészigfs’)
AP e e e 20,0375 (+3.0)
R CURT e e e e 20,0425 (+2.5)
S e e e e e 20,0475 (+20)
:’"’"""’"""’"""’"""""T"'"i"’!"T"’"‘"T’T’”3(’8;5’()’.0525’(41.’5’)
2 CRE 5 20,0575 (+1.0)
B TR R 20,0625 (+0.5)
I, FE R E Y% 20,0675 (+0.0)
N COMPASS: 160 GeV/g* beam - 30% of 2004
Target composition: 42.3% D, 42.5% Li, 15.2% He
O | | | |
1 2 3 4

Q? (GeVAID)

determination of Fy(x, Q?)
part of 2004 LiD data

one subtrigger

Q? from 1 to 3 (GeV/c)?,
0.015 <z < 0.07

rather flat acceptance
low rad. corr. (y < 0.5)

shaded areas correpond to
10% luminosity error

comparison to
NMC F; parametrisation
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SIDIS analysis

IC N m
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Semi-inclusive asymmetries
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¢ Kinematic domain: )
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e Kinematic domain:
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0.4
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Flavour separation
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Strange sea asymmetry
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Flavour separation at Q% = 3 (GeV /c)? f:%
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Flavour symmetry breaking
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e KT asymmetries from deuteron data

Dependence on FFs
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Strange quark distributions

for a deuteron target W
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Summary of results

e in the last 25 years a lot of effort to measure polarised PDFs at
SLAC, CERN, DESY, JLAB and RHIC

e precise results for A]f’d’n available, although in a limited kinematic range
allow for the determination of A

e precise determination of Au and Ad in NLO QCD analyses

e gluon polarisation AG measured in SIDIS and pp
compatible with 0 for z, ~ 0.1

e SIDIS results from identified hadrons from COMPASS and HERMES
full flavour separation of polarised PDFs
study of Au — Ad and As — As

e still limited knowledge on strangeness and gluon polarisation
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To come

hadron multiplicities from COMPASS will shed more light
on strange quark distribution and fragmentation

COMPASS 2011: data taking with longitudinally polarised NH3
ng at small z, balance p and d statistics for flavour separation

more data from JLAB, especially in the valence region

very promising prospects for Aw, Ad from W production at RHIC
larger range in x, with higher energy, direct photons

COMPASS I M6+ 50
measurement of unpolarised §O A
DIS off hydrogen =N

detailed study of quark dis- 0.3
tributions and fragmentation XO 5

® COMPASS Proj.1 week
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