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Nucleon Spin: QCD picture -

(Quark spins) (Gluon spins)
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Nucleon Spin - Tools -

Polarised DIS

n° or jet production in pp
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Quark helicity distributions Aq(x) -

More precisely: .helicity weighted momentum distributions”

Proton
f /Quark

q*(x) = q"

Aq(x) = q*(x) - q~(x)




Asymmetries in polarized DIS -
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Quark Distributions from SIDIS -

Flavor tagging

Leading hadron originates with large probability from struck quark
D,"(z):= Fragmentation function (FF) |z = E,/v

: Zqzquq(x) Dy"(2)
Measure hadron asymmetries | A (x,z)= S 22400 b0
122 4(x) DM(z




Semi-inclusive Asymmetries -
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Quark Helicity Distributions Aq(x)-

PRD 71 (2005) 012003
X Au #_LH
0.2 P ) ' tfj’-’-"‘* " "#5\
T AN
0 ~——-‘.*“;”7 ? —{

-0.2

-0.2

-0.2

[ *4~~%i~'-hm4_iﬂ— —Mi;";ﬁéé
: T

;_ . . e #
; _*_ ; 4 i ) + 9=2.5Ge1
I + ¢ t _ GRSV 2000
LO val

@ — s BBO1 LO

X AD . ~ + * |

T

S S R

(=) HERMES

0.03

0.1 0.6

X(Au,+Ad,)

"
=
—_

LO analysis of deuteron data of COMPASS, QF=3 Ge\?

PRELIMINARY results
—e— With DSS *

—o— with EMC
— DNS w
‘;* s ] o

} n ++ + +
s + o
)
- [ comPAss
- |
5ﬂm| TR | [
10 10
s H. Santos, IWHSS X

9



Valence-quark helicity disfribufions-
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S(x) from K= Multiplicities -

dNKi

Q(x)IDgM(z)dz £S(x) IDs(2)dz x>03 IDg4(2)dz

dNDIS

5 Q(x) + 2 S(x)

. B
S(x) = s(x) + s(x)

HERMES, P.L. B666 (2008) 466
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AS(x) from (K*+K-) Asymmetries

HERMES, P.L. B666 (2008) 466

0.3 i L
" A (%) - A%
0.2+ ; [l
I * 05 - +
0.1 i
. . ® . I
0 e *e*” ] 0 | e ® s e __* § |
N I = | 3 I —
0.03 0.1 0.4 003 0.1 04
0.2 _ —— Leader et al., PRD73, 034023 (2006)
- xAQ(X)
01
0 frrmvmeomrm oo T e
0.2
0.1 XAS(x)
0 oo +
-0.1 ' R -
0.02 0.1 0.6
X

AK""K'
= 1.d
4E A p [ R
E_ ¢ 0.3 o HERMES PRDT1({2005)
02 g
E_ 8 G a 0.2F | |L
= 01 TLoe
“E_.' - «g @ D: . ‘o o ..P
§_ = 4" -
0.2 — , — —
= INNTTI 1 T 11 113 -0.2f —
10° 10° T
10 10
) ﬂ'ﬂz;-u—l IMINARY
7] :
we 001 |
I [ 3l ) L 3 5
F L. !
_D: ‘l Tt I & B | T i !f
. ' .
: (m : .
-0.01| . i
-0.02| e Analysis of A and A ‘
¥ I |
I ) 1 n+ Ba K+ K.
003 m] Fltt}fAm,Aﬁ,Au.Au\Ad
107 107 X
s H. Santos, IWHSS 12




AqQ & Aq at RHIC via W* production -

Expectation
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Longitudinal A (A) Polarization -

Parity violating decay A — 7 p: p preferentially emitted along A spin
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Transverse A (A) Polarization -

o4

Parity violating decay A — 7 p: p preferentially emitted along A spin

v*N SATX

Phys. Rev. D76 (2007) 092008 Dependence on nuclear mass A
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Gluon helicity distribution
Ag(x)
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Gluon helicity distribution -

COMPASS, open charm, prel., 02-06
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0.15

memm) A. Deshpande, IWHSS

AG from pp —n° (jet) X -

A. Adare et al. (PHENIX); arXiv:0810.0694
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Fits to Ag(x) and Aq(x) -

De Florian et al.: P.R.L. 101 (2008) 072001
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Spin budget -

& Origin of nucleon spin still unclear:

Where do the remaining ~65% come from?
X. Ji: ,Dark Spin’

& Isthere asubstantial contribution of Ag and/or Aq
at very low x?

mm) F[IC ENC?

& What is the contribution of orbital angular momenta
L ?2??
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Quark orbital angular momentum
L

q
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Transverse Momentum Dependent DFs -

Quark distribution functions

quark
U L T

3 Ml [© hy & - (©<+Boer-Mulders DF
k| L . CRNOSEHOSIGE

e ) :

el e é@ gt é é) Transversity DF
n | i, Q’b @‘ Pretzelosity DF

Sivers DF
D, = D h = normal' FF, === M. Anselmino

Hyt= spm dependent Collins FF
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Transverse Azimuthal Angular Asymme‘rries-

Amplitude has 2 components: g—
Transversity DF (x-odd) | Q&

2(sin(¢ + o))"yt ~ h19(x)®H;19(z)

Collins FF (y-0dd)

U: unpol. et-beam
T: transv. pol. Target

Z= Eh/V

Unpolarised FF

2sin(h - 95y~ F1r9(x)® Dy(2)

(Requires FST and non-vanishing
orbital angular momenta L, of
quarks)

Sivers DF (T-odd)
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o4

Transversity DF

Collins Amplitudes -

V4
2(sin(p + )"yt ~ hy9(x) ® H,19(z)
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) First measurement of non-zero
Collins effect

& Both Collins fragmentation
function and transversity
distribution function are sizeable

& Surprisingly large =~ asymmetry

Possible source: large contribution
(with opposite sign) from
unfavored fragmentation,

lL.e. U—> -

1 ~ _ 1
Hl disf ~ Hl fav
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Collins amplitudes (d +p) [0

COMPASS, Phys. Lett. B673 (2009) 127
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t gfg Extraction of Tr'ansver'sn‘y -

Fit to HERMES (ep ->th) COMPASS (ud ->uhX),
BELLE (e*e” ->h*h-X) data

M. Anselmino et al., arXiv-0812.4366

5q(x) = Aq(x) at low Q???

0.2 0.4 0.6 048 1

mmmm) A\ Anselmino
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t gg Syers oF Sivers Ampln‘udes (p) -
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Sivers distribution -
A A
Fit to HERMES (ep -> ehX) and COMPASS (ud -> phX) data

M. Anselmino et al., Phys. Rev. D79 (2009) 054010
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ﬁéfﬁ Determination of Lq - GPDS-

Tool: Generalised Parton Distributions (GPDs)

Generalised description of nucleon structure in 2+1 dim
A Y

dz, ~1/O | f(x.r)

-

xp ﬁ i ,.f
® -
M Z - x

Number density of quarks with longitudinal momentum

i i iti
fraction x at radial positionr,  _ M. Polyakov .



Determination of Lq -

Ji relation:

T 217205 oL )= lim [ dx x [H(x.2.1) + E(x L 1)
H(x,.,t), E(x,C,1): Generalised Parton Distributions (GPDs)
Access: exclusive processes

Q2/> e’
: -8 Final state sensitive to different
iy T( GPDs
Vector mesons (p, o, ) H, E
y

Lt B

V‘W\ Pseudoscalar mesons(,n) ﬁ g
N

t DVCS (y) H, E, H, E
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Azimuthal asymmetries -

DVCS: Beam-spin asymmetry

HERMES, PRL 87 (2001) 182001

CLAS, PRL 87 (2001) 182002

E 0.6 — :j
-3 -2 -1 0 1 TP(rada) [
DVCS: Longitudinal
target-spin asymmetry
) M. Guidal
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t egfg; Determination of L, - GPDS-

DVCS: Beam Charge asymmetry | Pioneer measurements
HERMES JHEP 0806 (2008) 066
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%gfgg Exclusive Processes with Recoil DeTec’ror'-

Main purpose: reduce background, identify events from
resonance production and determine their asymmetries

Photon Det. Lightgulde Connectors Photon Detector
(3 layers tungsten/scintlliator)

ScIFl/Lightgulde
Connector Ring

T

T —SelFl 2
4 __— SclFl1
Water ——5 % — TIGRE Sensors
Coollng ————
for Sl Det. = S| Det. Frame

(Aln}

s s T

Target
Cell

"
Sl Det. Hybrid

Flange to

HERA ba \, Thin-walled
Scattering
N Chamber
Sl Det.
Connectors

C2 Collimator  G3 Collimator

34



ep—oeyxt

6000

4000

2000

DVCS event candidates

| Exists

ositive Recoil Track

Recoil Ap<l cut

0 p. 4 6 8 10 12 14
2
M2 (GeVic)?]

ep—o>epx

e Q<e'
> Tc—
. T+

5500

5000

4500
4000

3500

3000
2500
2000

1500

1000

500

Rho event candidates

- Exists positiwve Recoil Track
Recoi

Ap<0.8 cut

i e L L L

0 25 5 75 10 125 15 175 20

AE_[GeV]

«_ggf_;gfg Event Selection with Recoil Detector -

35



Nucleon Spin Structure

Unpolarised DIS 2Ag/g : small ? ¢ moroien
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Summary -

Spin experiments have provided a wealth of
detailed information about the
nucleon spin structure

We know much more about the nucleon spin
than 20 years ago, but its origin
still remains o be somewhat mysterious
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