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Nucleon spin

How is the nucleon spin distributed among its constituents?

Nucleon Spin  14= 1,A> + A + L

quark gluon orbital momentum

- —> < Parton spin parallel or anti parallel

AY :sumoveru,d,s,u,d, s AQ =q-0

‘Spin crisis” in 1988, when EMC measured

[Old estimations, QPM with relativistic effects

[

Today, world data on polarized DIS g, + SU(3)
First results from Lattice QCD on AX, 4 and L4

to nucleon spin

AS ~ 0.6
a,=A>=0.12+0.17

MS scheme

Large experimental effort on AG measurement
also because a,= AX —n; (o /2n) AG (AB scheme)
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Three ways to study gluon contribution AG

1. Lepton Nucleon \
Photon Gluon Fusion
_; w
P q
g q
o
AG/G(x)

QMC, HERMES, COMPASS/

{ﬁ’oton PTJton collisions\

Gluon-Quark + Gluon-Gluon +...

AG Aq AGXAG 4
G ¢ G G
A (pP7)

\RHIC . PHENIX & STAR /

3. QCD Q? evolution of spin structure function g,(x,Q?):
Indirect determination assuming a functional form AG(Xx).
Global fits include polarized DIS, SIDIS and pp data
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1995 to 2007 _

= Spectrometer :
Ap/p~2%, A©<1 mrad
Excellent separation of m, K, p ~

o |-

L ' -

HERA e* & e 27 GeV
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longitudinally polarized ~ 54% " T N
o :'m ."; \ I ) 170 mras -
I.‘"_ RN PRESHUWER.(H:EI_ .
1 L o

Gaseous internal target Ll

Longit. Polar. 85% H, D, He e * Tl i
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COMPASS at CERN

Fixed target
Secondary beams from SPS

Nucleon spin structure Meson spectroscopy

Polarized muon beam: Hadron beam :
160-200 GeV u, P;=80% 190 GeV r/p
Solid polarized target: LH, 2008-2009

°LIiD P;=50% 2002 to 2006
NH; P+=80% 2007,2010 201;1/

= 7 [DIS events
>  10.003<x<0.5
S < Q<10@evir
| o) i sl
: 5 -
Polarized 2 ol
target > GEMs _
iy Drift chambers n
. ’ ; 3 . 1 | Ll
irfu Sil{ggﬂglcromegas 10 3 e PP
G D SciFi NIMA 577 (2007) 455 Xg)
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1. AG/G from Iepton scatterlng

Photon Gluon Fusion (PGF) process b w
Asymmetry of cross sections for longitudinal polarizations of " g
beam and target, parallel and antiparallel _
< g
ALL - RPGF <aLL> <AG/G> + Abackground
Fraction of  Analyzing power T -
process
79 —4qq
Two signatures for PGF:
1/ q=c opencharm c=> D> K
Clean signature of PGF
pQCD scale p?=4 (m2+ p;?) COMPASS 160 GeV
Combinatorial background & limited statistics 1 result

— Difficult experiment; 5 decay channels added

2/ g=u,d,s high pyhadron pair gq—=>hh
High statistics
pQCD scale Q? or Xp;?
Physical background, better described for high Q?

HERMES, COMPASS
&SMC : 5 points
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AG/G at LO : SMC, HERMES and COMPASS

c’ 1 [ [ ] COMPASS;, high p,, @*>1 (GeVlc)’, 02-06
-a') 0.8;— @  COMPASS, high p, Q<1 (GeVIc)?, 02-04
. 4 06:_ * :::P:S:,Op:l::hzrn‘:;al:Q2,02-07(LO LSSlO, AG~ + 032
High p; hadrons: P
2 3 . - A HERMES, high p_, all @ LSSlO, AG~ - 033
Q 0.2~ atQ*= 4
with model for physical - T#H?A DSSV, AG=0.02
background = ; at Q2=3
0.2
Open charm: 0.4 o
Q2= 13 o.s%— preliminary
0.82—
_1:| | I I I| | |
) -1
10 10 Xq
* All measurements compatible with O
* Constraint on <AG> for 0.05<x<0.3
* Results disfavour value of the integral larger
than... ~+ 0.3, i.e. £ 60% of the ¥z nucleon spin P
irfu Note that these data are NOT included in global fits
€SP
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COMPASS charm: from LO to NLO

PGF

A= 0)AG , ay(NLO)
Y D G D

Analysing power a, calculated at NLO

A

Analysing power distributions

Distribution shifted.

Induces a change in <A G>, but also in the ina

. - . “1: 03 08 A4 a2 02 04 06 08 LL
relative weight of events, hence a change in <x> -1 0 +1
a, for one of the 5 decay
0.6 channels used for charm
o :a COMPASS, Open Gharm, NLO, all &7, all data, { u* } 13 (GaV/icl
al C| DSSV at 0° =10 iGeVicl
< nj- -- LSS at QF =13 (GaWic’, ag >0
o2l L —— LSS at Q° =13 (GeWicl, ag changing sign
02 > New: K.Kurek, DIS 2011
C Preliminary
04~
-ﬂﬂ:| IIIIII|1 | | 111
10° 10 Xg Theoretical uncertainty

AG_NLO= -0.20 + 0.21% 0.08(syst) at <x>=0.28  under study
Value still compatible with zero, <x>range higher

irfu
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COMPASS charm: from LO to NLO

B COMPASS, high p_, @>1 (GeVic)-, 02-06
@ COMPASS, high p:, Q%<1 (GeVic)?, 02-04
@® COMPASS, Open Charm, al| @, 02-07, NLO

SMC, highp_, Q21 (GeVic)?
A HERMES, high p_, all @?
—— DSSV, NLO,2=3"
= DSSV, NLO,u?=13
+-g(x): MRST2007NLO, =3
+/-g(x): MRST2007NLO, u?=13

0.5

*E*
[

1
L

[—— Charm at NLO
(all other points at LO)
Preliminary ~DSSV at 3 and 13 GeV?2

10" X

S
(54
[T T T rrrri1

-1

-
o
r

» First extraction of AG at NLO

» Constrains AG at larger x

« Charm result can be included in global NLO fits:
model independent asymmetries A (p; Ep) available
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COMPASS high p; hadron : Cross section

“+d N “+hix 'fg 103; ______________ MNems E1-010.2.38]
CH SN N
Quasi real :"é e
photo production |z 1ok
of hadron 5 L
Preliminary pQCD
E COMPASS Q2<0.1 .+ calculations by
02 Vs =17GeV 1sateier| - \\.VOgelsang, at 3
s ST different scales: BEPr/2
02 —
P o] # H=pPr
s H=2 Py
I 15 2 25 3 35
pT(GeV!c)

Data agree with NLO pQCD over 5 orders of magnitude
(within theory uncertainty)

r Settles the theory framework for AG high p-

irfu Next step: produce spin asymmetries A, (p;) for same events
€SP
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Polarized proton luminosity L [pb]

Z.E}Fcollisions at RHIC

Vs =62, 200, 500 GeV

PC3 Central Loty
TEC_aN
pcy Magast \

2008

Spin Tors

{longimdinal polarization)) Spin Rotatars

(lengitudinal polarization)

Pol H Source
200 MeV Polarimeter

. o Helical Partial
Siberian Snake

; .ﬁG’S Pnlarim efers Forward Time Projection Chamber
RHIC polarized proton luminosity L delivered to PHENIX

100 GeV 2009 40%
—250 GeV

* Longitudinal spin asymmetries <AG>, <AQ>
OV » Transverse spin

2006 55%

 luminosity almost doubled each year
* run 9 : first time at 500 GeV

74 2008 45%

2004 45%

2005 47%
2003 30%
0 8 10 12 14 16 18 20

Weeks in physics F. Kunne PINAN 2011, Marrakech, September 2011 — 11
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2. p p collisions at RHIC, channels for AG

More abundant channels

O
@ pp>nPX PHENIX
T }/ o pp—>jet X STAR AG (X;) .AG (X,)
99, qd, qq < 3 processes contribute | AG (x,) .Aq (X,)
S AQ (%)) -AQ (x,)
p S Other channels
bi-Tet production pp -2 jetjet proj. STAR 500 GeV, low x
pp—>vyjet
1 process- cleaner  AG (Xy) .Aq (Xy)
a9 Full kinematics reconstructed
e Low statistics
p S
Photon-Jet production p p 9 v X
Other channels: 7+, n—, n, ...
rfu [ High potential for AG from various channels, various kinematics J

saclay F. Kunne PINAN 2011, Marrakech, September 2011 — 12



irfu

saclay

E)p_?:ollisions at RHIC: cross-sections

pp>10X at PHENIX

e 2 107
N 10 o E .
- o Ee
w%', 10E= 3 i . T
Q 4" 2 "N, s (nT+m7)/2
o £ -
E o PRC
o ~S102) w .,
T 102 N o
r-:_g - 107 F ' =
E -
[l 10 104 =
E -
-4 o \
10 10 Bl o b b b L
5 005 115 2 25 3 3.5 4 45
10 P, (GeVic)
10°
-7
10 NLO pQCD
1 o-s (by W.Vogelsang)
CTEQ6M PDF; KKP FF
10° n=p./2, p.,2p, =
o ?IIIIJIIIlIIIIIIIIIIl\IIIIJlLIIIIJlIIII
8 1 = FARE 9.7% normalization uncertainty
=3 S ’ S is not included
g5 05 B TN e -
(=] ofF P e W ettt - T
2 E [
ST L
0

2 4 6 8

10 12 14 16 18 20
P, (GeVic)

TN
PH-ZENIX PRD76(2007) 051106

d%s / 2adprdn [pbiGeV]

Two examples

10°

10*4

—
(]
w2

—
o
(&)

Y
(]

0.1+

Inclusive jets at STAR

Inclusive Jet Cross Section
pp @ 200 GeV

Cone Radius = 0.7
-08<n <038

iSTAR preliminary

det =539 pb !

d%c

2ndprdn

|« STARRuns
[| systematic Uncertainty

Theory
] NLOpQCD +CTEQSM
- Had. and UE. Corrections

15 20 25 30 35 40 45 50 55 Pr [GeV/C]

pr [GeV]

pQCD + Hadronization+ Underlying Event

corrections (significant at low jet p;)

(" .
* Good agreement between data and pQCD calculations

 Exist also for other channels: 1+, 1", dijet, direct y, y +jet, n, etc.

- Establishes validity of pQCD frame-> validates method for AG extraction

J
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pp collisions at RHIC: 10 production at PHENIX

—Eﬁe 0 X Measure double spin asymmetry A, | (p+)
Compare data to global fits with various AG(X) parameterizations

200 GeV. Run 6 compared to GRSV fits Run 5+6+9 compared to DSSV fit
i _P'ﬂﬁ'_ —— GRSV std (4G-0.24) 0.005¢ L —~—
'€ F === GRSV 4G-0 3 u!‘ﬁ %<:|'0.02i— PH ENIX
B s GRSV AG=—1.05 i : Preliminary-
0.04 &
- [ e 0'013_ ‘ e 0,08
- . | AG=0.24 l
— B Wk _0 01_
l]_ P ik Y PR v--<|AG=0
002" pssy
-D.D.e_— (a) '0-03; * Run5+6+9
B2 S R S [ R —o.04-
PRL103, 012003 (2009) P, (GeVic) p B. Surrow, SPINEO10
_o.Gs_JIlllllllllllllllllllll

2 4 6 8 10 12
pT(GeV/c)

 Data favor fits with AG closeto O
» Strong constraint on <AG> in x range probed 0.05<x<0.3

irfu
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%%

pp collisions at RHIC: inclusive jet & dijet at STAR

200 GeV, pp -2 jet+X P P 2 jet+jet
Double spin asymmetry A | (p)
A, [ # 2006 STAR Preliminary AG= 008 Dijet Ay m Data Run-6
[ e GRSV-std e e — | — Y%7 pp @ 200 GeV ] i
0-1‘— GRSVit;:Q " - Cone Radius = 0.7 ﬁlk |:| Sys. Uncertainty
C - - - GRSV Ag=0 : (Pr)>10GeV oo
0.08f — GRsVag=g -7 0061 po 0y 7 ey TETINEY RUMEA (S std__|
- GS-C -0.8<n<0.8,|An|< 1.0 _ g
u-us__ 0-04_ |Aq]| >20 “;;-,'
0-04:_ < 0.02 1
0.02p%
— 0.00 1 <
of GRSV STD
- -0.021 DSSV ."”‘-AQ.ZJG-'-
0.02— Online polarization G; o e e—-= GRSVAQ=0
B ' R R T S I 1 1 I 1 |A| I 1 | [ T R B T GRSVﬁg=—g J.Ldt=539pb_1
10 15 20 25 30 35 : . : : : !
P (Ge‘W’c] 30 40 50 60 70 80
T M.Walker, SPIN2010 M, [GeV]
Both channels, Inclusive jet and dijet, provide strong constraint on AG
in measured range, favoring parameterizations with AG close to O
irfu
0
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pp collisions at RHIC: other channels

charged pions: different FF for favored or unfavored
different qg contributions for 7% * - = access sign of AG

“L}AEZ}AE::»AG}U
AT, < AT, < AT, = AG <0

<u12|’— DT+ + ‘012 +p o T+ -
0.1 \ps pZOOGer n 0.1 \E’sfszer n
o T Jr ------------ i
-n.oz%— T I
_ olf PRUENIX Eeinamsmey
direct n direct 'Y
clean channel oSy it
g dominates uk . l i:
of ittty
6 8 10 12 p,(gew:)
irfu [Promising channels when more statistics available J
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3. AG from global fits

1 —
Spin structure functions g, A" o gy (X) oc EZGS(AQ(X)+ACI (¥)

= e > 35—
? N % *=0.006 ? C
o C o - ~ E143
G l G - ¥=0.006 : E155
< o ¥ % #0013 + HERMES < °C { x=0.015 + HERMES
a- - T = [ -
N i % ¥=0.025 * COMPASS o 11 B ¥20.025 * COMPASS
3 i ¥ = CLASW=2.5 B : -Il' @ CLASW-2.5
Y ' = ' 25 0.035 '
B ?ﬁ : l bR —-LSS 05 - i % freooam
-1t ¥ - L *=0.049
25 Lo g .X=D.049 B £ }E I )
Lo 2 Iz 2 _
C (B : & 0. x=0.077 C agrf 1 : 8 *=0.077
C . = -
- \ 6{(\ i .. @ . X=0120 -1 o 1555 e R %0120
r om Bz = L
- % = g %=0.170 1'5—_1 T - = li . 8 xam
15— =& 5= e @ . -
r . L] a ¥=0.240 |__ o b X z..8 nl x=0.240
= CLAS = o O x=D.340 - o s = o . x=0.340
05__ b mame o o o e ¥=0.480 0.5— e = omem o X=0.480
- S R . %=0.740 - " : . *=0.740
[ | | 1 1111 | | 1 1 111 | _I | | L1 1 111 | | | L1 1 111 |
o+ 0
1 10 10° 1 10 10°
Q° [GeV?) Q* [GeV?]

dg, oc —Ag(X QZ) —> ¢, as input to global QCD fits for
d Log(Q?) ’ extraction of Ag,(x) and AG(x)

However x and Q2 coverage not yet sufficient
Use also constraint from pp data (DSSV)

irfu
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Jlab CLAS - g,(x,Q2) for the proton

From Yelena Prok’s talk at DIS’11:

World data on the proton | S A
before JLab (without i R R
COMPASS) oo 4| i l ff
3
+ Jlab/ CLAS - EG1 , lli ‘ i
5.7 GeV e- ’i W
Polarized NH, B Es §§
(and ND,) targets /A Elo T
02 ¥¥Yy
08V EMC !i
— W>2,Q°>1 o HERMES, 1o
05 * EI43 14
Data included in LSS fit 04/® SMC
A EI55 ¥ 'i ¥5g -\ o . 0‘5:,
Y sLab EGJ&E!¥§¥¥i¥!'i ﬂ
i -
irfu 10 1 10 Q2 (ngﬂv}-’)

€S9
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3. AG(x) from global QCD fits of polarized data

LSS “10

sl XAG

Only DIS & SIDIS data -

Leader, Sidorov, Stamenov,

AG= 0.25+ 0.19
AG=-0.40%+ 0.43

at Q2=2.5GeV/c2

DSSV
DIS, SIDIS & pp

De Florian, Sassot,
Stratmann, Vogelsang
PRL101 (2008)072001

AG=-0.08 = ?

at Q2= 10 GeV/c2

Qo'=25GeV*

F— — GRAV max. Ad
:_.I- .I (IH-IR;$I1}‘;;- mn? IAIgII 11 II|
2 1 R
10 10 g
~0 in measured
range (node)

1

[ T [ T T T |' T T T | T

—+—+~ PHENIX 15
- --- STAR 1 Ay

» Data favor fits with AG close to 0, excluding AG std

« Strong constraint on <AG> in x range probed 0.05 <x < 0.3
* No constraint outside

J
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Quark spin contribution AX from QCD fits

COMPASS AX=0.30 % 0.01 (stat) + 0.02 (evol)
fit to g, P™d world data, MS scheme, Q2=3 (GeV/c)? pLs 647 (2007) 8

As + AS =-0.08 £+ 0.01 (stat) + 0.02 (evol) comPASS data only

HERMES AZ =0.33 £ 0.0llﬁ[at) + 0.025 (theo) £ 0.028 (evol)

HERMES g, data, MS scheme, Q2=5 (GeV/c)?, neglecting x
< 0.02contrib., PRD75 (2007)012007

As + As =-0.085 + 0.013 (th) £ 0.008 (exp) + 0.009(evol)

DSSV AY =0.24 Q2=10 (GeV/c)? arxiv:0804.0422

LSS ’10 A2 =0.25+0.04 AG with node Q2=10 (GeV/c)?,
AY =0.21+£0.03 AG>0
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Bjorken sum rule

A fundamental result of QCD

on the non-singlet combination g,NS(x) = g,(X) - g,"(X)

derived from current algebra:

[ o0

[2Z)
Q V

CNS

Measuring the first moments provides a test of the Bjorken sum rule,

Fit to COMPASS data: g,/g,~
1.28 £0.07(stat) = 0.10(syst)

PDG value:
1.268 +0.003

F. Kunne
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Quark helicities from Semi-Inc

0.05 F
-0.05F
0.02 |

0.02
-0.04 |

102

10

102 10

Q2=3 (GeV/c)?

X

usive DIS
Extraction at LO
h(p/d) quqz D, Aq(x)
A T(X) = 7 D" a(x
2..& Dg a(x)
* COMPASS
PLB693(2010)227, using DSS FF
o HERMES
PRD71(2005)012003
__DSSV
X(AS - AS) COMPASS PLB 693(2010)227
-0.05 % ¢ I - % ‘TJ
-0.1 Ll L Lol

X

HERMES As+As=0.037 + 0.019 (stat) + 0.027 (syst), PLB666(2008)466  As — As compatible with 0
COMPASS As =-0.01 £ 0.01 (stat) + 0.01 (syst), 0.003<x<0.3

 Full flavour separation = x~0.004
« Sea quark distributions ~ zero
 Good agreement with global fits

v
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Light sea quark polarized distributions

. _ S5
X(Au-Ad) ':% o

> 0.05

0F

-0.05

-0.1

-0.16

-0.2 -

0‘3 AN : \ I s 7
/ (AT — Ad)dx = 0.052 + 0.035(stat.) + 0.013(syst.)
J0.004

Slightly positive, compatible with zero.

® COMPASS, preliminary
o HERMES, PRD71(2005)
— DNS parameterization

I |IIII|II|I|III|||IIII|I|II|II|I|I
: T
L '_._'||
|
{

__i______}____ e

« COMPASS

——_| 0 HERMES

Recall value for unpolarized case. _[(d —u)dx=0.118+0.012
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As puzzle

* DIS data: the integral of As can be extracted from the integral of g, using
two other inputs (n and hyperon decay) & SU(3)

> JAs+As =-0.08 + 0.01+ 0.02
» SIDIS data: the integral of As can be computed from As(x) measured
from kaon spin asymmetries, using quark Fragmentation Functions

>
o

2002 e
3 004 F

Several possible explanations to the discrepancy : oot
» Uncertainty on quark fragmentation functions (s> K) 008

3 - DSS-FF
- would need value twice bigger than DSS o

__-EMC-FF

\|II\I|IIII‘II\I|I\II‘IIHD
2 3 4 5 6 A\SF

R
COMPASS PLB 693(2010j227

* Global fits (DSSV, LSS) suggest negative As at low x

. 0.02 -
- reconciles the two approaches

0: e =TT RN | I E =,

* Assume SU(3) violation ag from0.58 to 0.42 - As=-0.02 '°'°2;
Bass &Thomas, PLB 684(2010)216 004 S
10% 10" x
(

Need more data on quark fragmentation functions

Need more data on As at low x
irfu COMPASS run 2011 at 200 GeV

S Certainly a physics case for EIC

saclay F. Kunne
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Quark helicities from W production in pp’

RHIC short exploratorv run :first collisions at 500 GeV Parity violating, single spin asymmetry
No fragmentation function uncertainty

u+d >W*" e +v

UH+d oW —Se +v

P
P
PHENIX
A W' - e* (ly,|<0.35)
= — ONS max P
L[| —ocrsved | Preliminary
D- — DS min
-| — pssv
| = GRSY val
0.2
0.4 E
I ® 30-50GeV/c range
0.6 <P>=0.39+0.04
i " dilution 1.11+0.04
-U.B_— I.I
‘IIIIIIIIIIIJIIIIIJIIIIlIIIIlIIJIIIIIII
20\;5_ 30 35 40 45 50 55 60
PH  ENIX p_ [GeVic]

J. Haggerty ICHEP2010

LY PapowrtXoettx e
0.4F STAR /5 =500 GeV e
25 < E1 <50 GeV T
03F S 1'77 o
w- -
0.2F il !
R Tt
0.1 _o,—a
el L= o, +o_
I
P W~ W+ RHICBOS
: - - — DNSK
—0.1F <+++ —— DNS-KKP
— DSSV08 —
_02F CHE A A
: - = —— DSSVO08 -
=03 w+t %_ — d u
=
—0.4p Syst. uncertainty due to background,
w/o pol. norm. uncertainty (}Il‘ 9.2% .
-2 -1 0 1

Phys.Rev.Lett. 106 (2011) 062002

7

*Signs as expected from polarized PDFs
*Promising channel

J
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Jlab — CLAS AP A,

A b T T T T T T T T T T T T T 11 T T T T 11 T 11 T T T T 1T ] r L B L B B e —TT —TT —T—T ——TT ]
p o ] ) [ [J HF perturbed QM 1
14 F 3 HF perturbed QM B 14 | -~ World Data parm Q° = 10 GeV° B
L -—- World Dat 2 10 GeV? . 2 1 - World Data Parm + d WF Q% 4.2 GeV? 1
- or| a.lapaer OFBe W > 2' Q > 1 1 g or| a'la arm .Q e. 1
12 - Symmetric Q Wave function B 12 b Symmetric Q Wave function suppression B
| ---  Helicity 3/2 suppression ] L He.|ICIIy 312 suppr.esswn 1
P Spin 3/2 suppression Foooe Spin 3/2 suppression 1
1F e cLasecib@=10-452G6ev | _---[/-7 K PP cseendiioesen T
- A SMC T ' d - A SMC ]
08 | O SLAC-E143 e 08 - O SLAC-EL43 ]
' I e R O SLAC-E155

O SLAC-E155 PRI I ]
I el I ¢ HERMES ]
: ¢ HERMES Aol 06 |- B
o6 | e f !
j . ] 04 |- SUG) -
04 - - L :
F 1 02 | +¢$ R
02 - é} B i s @ﬁ : ¢ﬁ9 i
:m/o P r' O 1- O n 1 0 3 Qj)’ 1
0 i ]
f . Deuteron |

' o b b b b b b b B Ly o b b b b b b b b by 1y
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 08 09 1
Xb' X, .
j bj

irfu
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\JIEit)'-' /\1n A\lp t1i£]r|)(
W>2;, Q2>1
Neutron
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SU(6).

JLAB, Hall A, PRL 92 (2004).012004,aed JLAB=CLAS, EL,B 64 (20069

A" at x > 1, SU(6) symmetry breaking?
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Quark helicities , valence region
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Lattice : quark spin and angular momentum

0.6 e
c - Az
O + ! | | 2 n ] ]
o 04|* " "
c _
3
[
5 _
02
E § ¥ 2 & ® J s s
=] - L
E 0.0
= | AT
[ | Ir] ) B =] =¥
S _ool, of 8§ ¢ ‘ LY .
00 01 02 03 04 05 06
MS at 4 GeV? m?[GeV?] Ph. Haegler, MENU 2010

4 _ :
* Impressive results from lattice QCD

* Predictions for angular momentum

 Agreement with measurements for quark spin

J

F. Kunne

PINAN 2011, Marrakech, September 2011 — 29



irfu

saclay

Conclusions

ﬁjon contribution to nucleon spin

All measurements point to zero. Strong constraint on fits from RHIC.
Only 0.05< x <0.3 probed: cannot exclude yet a substantial contribution

Quark contribution to nucleon spin
Extraction for all flavours from SIDIS
Agreement with Lattice QCD calculation for AX
As(x)~0 from SIDIS in measured region, and JAs<0 from DIS

Angular momentum
DVCS, DVMP:

data from HERMES & Jlab + projects at Jlab-12GeV & COMPASSII
Good prospects for Lattice QCD

Exciting future programs in preparation at RHIC,
COMPASS-II, Jlab-12GeV, and... EIC/ENC
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Consequence for nucleon spin

AG = Ag(x)dx not large, both from measurements
(essentially PGF + RHIC) and g, QCD fit: |AG|<0.35

AT = 8, + (30,/27) AG

within £ 0.06 for AG within + 0.35 at Q2=3

—AX ~ 0.30 small (= predictions )
in good agreement with Lattice

possible scenarios:

Vo= A2 + AG + L

[ 10.3+0.35+ 0.0
Y %0.3+0.0 + 0.35

- %0.3-0.35 + 0.7

F. Kunne PINAN 2011, Marrakech, September 2011 — 32



Jlab - SANE A, and A,

*WG6PSH1: Hovhannes Baghdasaryan Preliminary proton spin asymmeiry results from SANE

Q* [GeVicF

f,.=3545

HMS

Goal :Extract A1 and A2 in
model independent way

F. Kunne PINAN 2011, Marrakech, September 2011 — 33
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Jlab- Hall A g,"
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Q'iGevie)

« higher twist coefficient

(Q%) = f dxx*[2g1(x, 0°) +3ga(x. ©%)]

0
* Burkhardt-Cottingham Sum Rule

1
gz, Q% )dr = 0
wl L)

"YW is sum of g2"W for W>2 GeV

002

00l

keI 0E80S

JLah ES<-010: res. only
JLab ES4-010: res 4=l
JLab ES¢-010: BC
JLab EQ01-012: res. cnly
JLab E01-012: res.4el.
JLab EQ1-012: BC
JLah RS5: mes. onhy
JLab R55:BC *
SLAC El155x: BC

HE-H

L

P. Solvigmon et al, in preparation

L5s

JLab ER4-010
TLab EQI-012
JLab ESS

1 I | — I

FE®

QE

rap—

4
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Jlab-CLAS: Al=g1/F1

egl-dvcs

*WGEPSTS: Sucheta Jawalkar Spin azimuthal asymmetries on fengitudinally polanzed proton

kz
filz, kr) = fL[E}— p(——=%) .
Ha g Lq qgl z)D{ " (2) - zzif—z—i[ﬁﬂ—"ﬂj—rr

k‘?. 1;|—'-'ﬂ.' e [ tefuglingtesng)
gilz k) = g1 [‘T}_g exp E—ﬁ] F E 2fi(x) DY (2)
D¥(z.pr) = mznim( ) o
' T pp < W Pt plon
07 PE&’ . Neutrel pion G |
osE *':@:r CLAS

05/ 4}3 :
vegi-dvcs data (25%) of total S s
+P; dependence — u, # u, o4 4 '

4 |
«For a*, mand x° M;— 3 ; i ¢
0.2~ [ + " i b
CLAS o f it
oL N R R L
] 0.2 0.4 0.6 0.8
P, (GeV)

gl/ F1 sensitive to uy? — u,”> 2 ky dependence
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Spin at RHIC-11 2011 to 2015

Accelerator & detector configuration [Polar.=0.5 (2011) > 0.65 (2014)

* RHIC reaches max performance: Lmax=1 X 10%cm?s* (2011)> 3 x 10%cm?s™
* Upgrades of STAR & PHENIX complete for 2012 run

* New Drell-Yan experiment for transverse spin AnDY

Major Physics goals (related to longitudinal spin)
* Anti-quark helicity distributions in polarized W-production

0041 = A W 200 pb'l _ s x Ad RHIC2 1’]_5
002 ]
ﬂ)_\/ ] \/7_
1 b 1 Courtesy
0021 1 F ] M.Grosse-Perdekamp
107 - 1[:|u1 - 1 107 - llllll - 1

« AG(x) and low X wifh A, from di-jets and di-hadrons
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—Future of COMPASS 2011-2016

OMP,

-
2010 Transverse spin run : Collins, Sivers, TMDs

—3 2011 Longitudinal spin run at 200 GeV : g,, 49 at lower x, 4G...
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2012 hadron run: Primakoff + short muon run GPD preparation

2014 and beyond, COMPASS-II :

see talk of B, Badelek Ayr [

* Polarized Drell-Yan mrpT — p*uX
transversely polarised proton target
TMDs, Sivers & Boer-Mulders

Test of factorization approach:
comparison SIDIS/ Drell-Yan

*  GPD (Generalized Parton Distributions) wp— Upy

by exclusive reactions DVCS, DVMP
br

ug-vxPz *Unified descrition of form factors & PDFs
D bi—‘i----.Pz *Transverse imaging 2+1 dim.

Beam Charge and Spin Diff. (nb/GeV"rad)

Ex: Ayt asymmetry in Drell-Yan process

90 g .--—---—__ Anselmino etal
D/—r_i‘

78 —
I

T =T
e ~~BRcchelta et al
’{ __{\_j”_'::,:,r

—

l
g I comPA$sS proj.

ol b b Ly
[ o8

0.15 1

0.1+

0.05

Xg

E=160GeV 1< Q'S 4GeV?  0.03 € x5 0.07

= VGG Reggeized (x.t)-correlation
—&— = VGG Factorized (x.t)-dependence

Mueller fit on world data
- . ww (with JLab Hall A)
AAAAAAA ; --==- (without JLab Hall A)

0 20 40 60 80 100 120 140 160 180

o
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Future polarized ep collider

» Goal: access lower x in (polarized) DIS and with higher luminosity
* Wide physics program:
Polarized sea ¢ and g, Hard exclusive reactions, TMDs, gluon saturation...

Luminosity x 10%/cm?/s
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