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What we are after?

Naive parton model
— 4 — _ 1 Unpolarised structure fct.
= Ad = 3 P

BUT Gluons are important !

1989 EMC measured =P AG
1 =0.120 0.094 0.138 =) Sea quarks Aq,

i =) Spin Puzzle
((m?—pm@m@ AG+L,

(Au, +Ad§2— AU+ Ad + As+ As)
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Full description of J, and J
needs
orbital angular momentum
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MCOMPASS:

Valence PDFs

= = 3 3
_ (Gh" _Gh‘)_(ch" _Gh')

A+/—

-

2 2 2 =
(6.-0,_)+(c,.-0_)

® For LO:
_ Au,(x)+Ad,(x)

‘ AT O0=AT U, (x)+d, (%)

‘l Assuming:

v_1. .1
I} =2 (@+73)
T, = j:(Auv(x)+Adv(x))dx

AU+ Ad = 3T} —%I‘V +1—12a8

= (As+ A§)+1(a8 -T,)
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MHERMES: polarized and unpolarized s-
PDF

g‘g ® Need longitudinal polarized deuterium target
A== ==) strange quark sea in proton and neutron identical
- =) fragmentation simplifies

—) inclusive A, 4(x,Q?%)and kaon AX, ; (x,Q2?) double spin asym.
=) Kaon multiplicities > Dy* and Dg¥

B Only assumptions used:
=) isospin symmetry between proton and neutron
== charge-conjugation invariance in fragmentation

i n.illz .I I. ﬂ1 | I. | “‘f i Q\(x,): (iLI'E(i-GLg_DS”SI
: 1 S(X)#k(u+d)/2

s(x) + sbar(x)

: dNK:I:(m) __ Q(z) [ DE (2)dz+S(z) [ D¥ (2)dz
. . e : ; — 1 dNDIs = 5Q(xz)+2S(x)

0.02 0.1 0.6
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HERMES: polarized and
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GLOBAL FIT

deFlorian, Sassot, Stratmann, Vogelsang

This paper presents the first “global” NLO analysis
of the data from DIS, SIDIS, and RHIC in terms of the
helicity PDFs. While there have been quite a few NLO

FIG. 2: Our polarized sea and gluon densities compared to

previous fits |6, @] The shaded bands correspond to alterna-

tive fits with Ay® = 1 and ;\xz,/xﬂ = 2% (see text),
4/17/2008

0.043— xAu | —— TABLE II: First moments Afjl’[zminfl] at Q% = 10GeV?2,
T I Tmin = 0 Fmin = 0.001
0 =S best fit Ay? =1 AXQ/XQ = 2%
omf T AL AwtAw 0813 0.793 *5:01) 0.793 T5633
oos DN =Dssvar b Ad + Ad -0.458 -0.416 T00 -0.416 +g;g§g
S T | ] 0.036 0.028 15530 0.028 L4759
004 |- XAS A -0.115 -0.089 T5:929 -0.089 9:09
ook B: A3 -0.057 -0.006 9519 -0.006 *5-02%
N Ay -0.084 0.013 fgﬁgg 0.013 503
e 7 e AZ 0.242 0.366 T0 013 0.366 T0 0%
o :_ _:f_ : 0.1
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Measuring AG
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A, from STARS jets

2006 inclusive jets A |

Model curves calculated with cone
AR radius 0.7 and -0.7 <1 < 0.9
An F ’Gios?i:TAR Preliminary ‘ | A, systematics | (x 10 3) I
04F — -std - B | . .

ST - Limits on AG from 2006 jet results

C -
0.08 — GRSV 4g=g -

E T e -’ 200 GeV
o os:— s, -0.7<1<0.9 *rAR O 2005 STAR Final

or 8 1 E R ® 2006 STAR Preliminary

0.04— F pooo0gdo

C,.° - e 0 o
0.02 f . 107 ™ o

e = [

0 Ez/_.'rk:.t,_*___.f , il g e

-0.02(— Online polarization —= 107 ° 3

C 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 Z

10 15 20 25 30 C | GRsVDIS I
P; s L] | |
L. L ] 107 °
« Statistical uncertainties are 3-4 fi =7 . o
for p; > 13 GeV/c [ <l @@y 4
-4 1 11 | - 1 1 | 1 1 11 11 1 ‘ Il 1 1 11 1 1
10 4 05 0 0.5 l

1
Ag(Q}=0.4GeV’)

» Within the GRSV framework:
— GRSV-std excluded with 99% CL
— AG < -0.7 excluded with 90% CL
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Carl Gagliardi — DIS2008 — Jets in pp at RHIC



ALL from 7% n*n at phenix

0 ALL at 200Ge\/ — RI ING iImnrovement
200GeV RUNS5 2.5pt T T
200GeV RUN6 6 F; TE AG >0 = A > ALL > ALL

* Significant statistic

=== PHENIX Run3
=== PHENIX Rung

e PHENIX Preliminary wyt
PH ENIX ~— 0
PH ENIX A

'Yl

pp->1 X,ys5=200GeV

— pT of " shifted by +0.2 GeV/c
—A,_,_ scale uncertainty of +40% not included, n

ALL scale uncertainty of +8.3% not included, &
|IIII|JlJllJlJIlII|I|I

4 5 6 7 8 9 10
pT[GeVic]

8 9
p, (GeV/c)

w*
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COMPASS OPEN CHARM

Photon-Gluon Fusion Process (PGF)

! 1 COMPASS 2002 - 2006 AG/G
0.52— g (CONIPASS Preliminary -
0E Tl |
B — % ______________________________________________________ ] — o
_1 ; ............................................................................................................................................................................................................
_1-5 :_ ...... B e g e e s ARt n R R 14 e st e At e e e
8 | *Dtagged
e N 0_
L D’-untagged
3= 2002 20I03 20lﬂ4 20|06 200212005 I Tollal
AG/G=-0.49 £0.27 (stat) £ 0.11 (syst)
Source D° D* <x >:0.11+0-11
Beam polar 0.025 0.025 —0.05
Target polar 0.025 0.025 < 2> _ 2
Systematics : Dil. Fact. 0.025 | 0.025 p)=13GeV
False asymmetry 0.05 0.05
Signal extraction (2 ) 0.07 0.01
a,, (charm mass) 0.05 0.03
TOTAL 0.11 0.07
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COMPASS HIGH-p-

Summary of AG/G results

>~ COMPASS, open charm, prel., 02-06
® COMPASS, high p_, Q?<1 (GeVic)?, prel., 02-04
v COMPASS, high p_. Q%1 (GeVic)?, prel., 02-04
o 1 A HERMES, high p_, all @
T
a v HERMES, single high pT hadrons, all @2, prel.
0.8 H SMC, high p_, G?>1 (GeVic)?
ﬂ 06 T fit with AG=0, u*=3(GeV/c)* _,r"'
T e fit with AG<D, p2=3(GeVic)? I
0.4 T
0.2
- »
0 — —
0.2 [ |
0.4
0.6
-0.8—
Ak | BN

1072 10"
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i The 37 Twist-2 structure
Jﬂfuncﬁon

; he structure of the nucleon at LO
G CI(X) /’/ O
' f1q (X) W

—> vector charge

I. Aq(x) y ) e £ } " helicit
| __ ' _ @ y DF
! g49(x) \*a?" ﬂ«fx quark with spin parallel to the nucleon

spin in a longitudinally polarised nucleor
known — polarised DIS

unpolarised DF
quark with momentum xP in a nucleon
well known — unpolarised DIS

\, | - axial charge

|
e Ara(x) = qTT(x) - gT(x) transversity DF
h,9(x), 7 & quark with spin parallel to the
A - O nucleon spin in a transversely
W W polarised nucleon
—> tensor charge largely unknown

ALL 3 OF EQUAL IMPORTANCE
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Transversity DF

Arq(x) = q1(x) - qT4(x) q=u,, dy, Gse,

_ h,9(x), quark with spin parallel to the
m 8;1 (E()) t * nucleon spin in a transversely
’ W - W polarised nucleon
67q(x) : :

Properties:

 probes the relativistic nature of quark dynamics

* no contribution from the gluons - simple Q? evolution

« Positivity: Soffer bound................. 2|A1q|<q+Aq  soffer, PRL 74 (1995)

+ + + first moments: tensor charge.......... Arq=[dx Arq(x)
» sum rule for transverse spin |
in Parton Model framework............ 5= o201+ g+l
e it is related to GPD’s Bakker, Leader, Trueman, PRD 70 (04)

* is chiral-odd: decouples from inclusive DIS
4/17/2008 Andrea Bressan 14



Federica
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Collins Final on Deteron -

J COMPASS

COMPASS: 2003-2004

0.2

positive pions
negative pions

_{'gi’i%i}gﬁ
f

i
}

e

COMPASS: 2003-2004

—a— positive kaons
—a— negative kaons

¢
- ----f?g-&-*f-;}----} -------------- ] T
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all K@ 2002-2004 data
B L L COMPASS
\
‘I\ >
N S glr}(l ....................... e — []ISJF% _ééé,{: ........ f]fi ...................
02k - L
04 -1-[;_2 I I1It;" — ﬂ.lz n|4 u.ls ula 1I 2
SOZZI XBJ z P, [GeVic]

Final

Results
all deuteron data

hep-ex/0802.2160
(subm. PLB)

Final

Results

all deuteron data
hep-ex/0802.2160
(subm. PLB)
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A, (cos(2¢9,)) moments

| A, (cos(d, +d,)) moments

‘FD.ZS o 0Zz<03 0305 49-‘0.25 02,403 o 0.3<z,<05
0.2 I - PRELIMINARY 0.2 T - PRELIMINARY
0.15 0.15
0.1 | - 0.1 | -
0.05 - . IF y . 0.05 - g N " B
R, e - 8 a8 . = p [ s B P T T S i
-0.05 - | O F , | -0.05 | e ,
‘=D,25 F 05za07 a7 GEU.ZS T 052,07 m 07z
0.2 0.2
0.15 - - ‘ 0.15 - - ¢
0.1 + D.1 | 4 '
4 4
005 -, . & It = 0os |, i y I ® "
o lh . ! PN . XSO AL SO I L | 0 O S [N
0.05 - | : L E .| -005 | , o E = :
3 02 0.4 0.6 0.8 0.2 0.4 0.6 0.8 02 0.4 0.6 0.8 0.2 0.4 0.6 0.8
% % 4 %
» 547 fb-" charm corrected data sample,
® + UL and UC double ratios
., 22
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Collins effect in SIDIS and e™ e~ annihilation Description of the data & Predictions

Preliminary results

HERMES A§(#rt¢s) COMPASS ASA@rtéstm)

012 —
o L [~ o1l . L L
? adl T HERMES | 2002-2005 _;_: e I3 COMPASS 2003-2004
+ onel - I I F - F
é‘,n ool ~ L L :ﬁ’ R .t..*iJ.+| asld & +4...++
Efles =, = = WS v Yy [
w5 [t P T ) § 5. | I +
q -2 - - < -0l L L
-] n n n
=3
= 13 — i o1l - L T
C: $ ¢ r “‘*-.’.4__+_.__..-- r H'¢.+ : _+ < o5 AL
.é‘,n -0.08) L _:-i" n+¢*¢ LW [} * e ’L‘ *
= ) — 4 T | e + bl T
£ o £
= gl s
[ = L L -1
<L g T L L <L g L L
R “;.: .,,IF« 7 = T
X z P (GeV) X z Pt (GeV)
vy y

Alexei Prokudin London, 7-11 April 2008 Effects of intrinsic parton motion in S5IDIS
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Global Fit

Collins effect in SIDIS and e e~ annihilation Description of the data & Predictions

Preliminary results

BELLE BELLE

2 02<z,<03 [ 03<z,<05 .3 02<z,<03 [ 03<Z,<05
015 - T L5 -
N oaf L I\T 0l L
N1’- Gos) . L - ,'::,“ o051 /,r'/k/.' L /
=) P R - -
< ol—=% T < 5
0 06<z;<07 [ 0T<zZ <1 %% 05.z<07 [ 07<z<1t
.15} o . OSF F
—_— xl
N ool . L L RN . L
= posk "L N .05l |
N 0o / / 8L oos
= o - =
<t <<
o8l . L os_ . L
02 04 OE 08 0z 04 06 08 02 04 0 0.8 02 04 06 08
2 23 2 Z>
- o

Alexei Prokudin London, 7-11 April 2008 Effects of intrinsic parton motion in SIDIS

For Collins FF and Transversity — Andreas Metz
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Final 2-hadron from
Hermes

Extracted Asy mmetry Am P litudes v'Non-zero asymmetry amplitudes
. _ v World first evidence of the
5 oo E Dihadron FF O}
: 8
?;,- 00815 1 + T + v Positive amplitudes in the whole
0.02 3 ¢ } + + 3 + + range of the invariant mass
HA ST R :

B PR * rule out the sign change
. . . T wreed NI predicted by Jaffe

Q ﬁ“ ;‘ * * ,,-‘..
~oo08f " A 0551 . 074+ . . 4 0.08~ . .

007 . osf L oesl® Co oo * shape consistent with later

006 | L °;‘:: N 0_5__;E ’ 2z " 006 model by Radici & Bacchetta

. = L
02 04 06 08 1 0.05 0.1 0.15 0.2 04 06 0.8 v Blg con‘[ribuﬁon frorn §-p wave
M__[GeV] X z

interference around p%(770)

| v average amp h:;lfe pf‘s%flli}' _ _ _ v’ Asymmetry results sensitive to
_‘4}.‘1_ PRL 5 —_ 0.016i0.005gta+_ iU.UD2h_g(‘an +U.004;1f_r tl‘al‘ls"ersity

v'8.1% scale systematic uncertainty contribution from target polarization

v’ the asymmetric error band combines h-scan effect and acceptance effect

1

Xiaorui Lu Also Measurements from COMPASS on Deuteron... F. Sozzi
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¥ SIVERS Mechanism

7=

Lt (= —
M= - TS

The Sivers DF qu is probably the most famous between TMDs...
== Jives a measure of the correlation between the transverse momentum and

et

———— the transverse spin

Requires final/initial state interactions of the struck quark with the spectator
system and the interference between different helicity Fock states to survive
time-reversal invariance

Time-reversal invariance implies:

Aga (xkF)siois = Do a (x,k5 )py
...to be checked

In SIDIS:
h eZ AT h
N:(@¢)=N° {1+ A" sind | A, = As _ Zq i 0 9 -
f-P, 2 € q-D;

4/17/2008 Andrea Bressan 20



Sivers Final on Deuteron
from COMPASS

4/17/2008

-0.1F L L

0.2 positive pions
negative pions
0.1 - -

/-__-—_\\
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0------{P--?-g-%--ir-i;---;-j'-#--------- oA boor ?;ssiﬁ'}{{} :

COMPASS: 2003-2004

Dgiﬁii}i}# :

MRS S
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Final

Results

all deuteron data
hep-ex/0802.2160

(subm. PLB)

Final

Results

all deuteron data
hep-ex/0802.2160
(subm. PLB)
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Global Analysis

Stefano Melis
= HERMES data® fit

ep — emrX Plap = 27.57 GeV/e ep — el X
& vl T | HeRMES [ 2002-2005 —_ 0.2 K* - HERMES - 2002-2005
s ol ~ S ’WT' AT RA ot i ))}*’ Tt Li"’+
. Al 2 S ¥ 5 N A (e e
< [RH L L L [ + . . + - L . L | = 5
o ail L L 0 a4k
ookt o L <,
= T L ] —eEr L
- :::‘y‘l‘_ i L . o.2f
{ aml - - ‘i— nAaF * L -
g o I I I —F ﬁ: 1 |+ * P + _L+ ) + |
< ool L = % e _*__—T_
= byt —— —e-R * —t = L i
£ = * T q K_
E!I: -n-:l: - : : 0.2p 1 L 1 L 1 1 1 1 1 1 1 1 |
:I.T "B i ' REET PP EETE—— 0 01 02 03 04 05 02 04 06 08 0.2 04 05 08 1
X z P, (GeV) X z P, (GeV)

For Sivers DF — Andreas Metz
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Global Analysis I

= COMPASS data” fit
el — en X Prab = 160 GeV/e cel) — e KX
oy o1 m* COMPASS r 2003-2004 > BAr Ky T corf;\ss " 2003.2004
n 0.03 - ] 0.05- - -
£ ML S P € _.JJ&.I by * J#J,Jf—.{v—k—l
B R e, L e — f = T T ! * | |
£k ] 3 £ = i 1 t
wn = -0.03 L w D005 N L
{ 0.1 - q 01 L L
gﬂ t1.1—""I o rrl I — E’ Il.1—m. T K.- I — -
. 0.05+ - + L A 0.05F + l" L | - ¢+
p=a 0 4 b - = | B — t T AR
= S_WW- T e N LU 77—
¢ 0.1 q -0 + o -
wt ot ot 1 ufz 11-74 u_ls ufa n.ls ; 1.I5 1;-: ,;e 1;,- 1 u_lz u.la n.ls ufa ujs ; 175
X F P; (GeV) X 2 P; (GeV)

Stefano Melis
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*iTAR Di-jet Sivers Asymmetry vs jet pseudorapidity sum

Blue beam PRL.99:142003,2007
.5 0.8 a) Vogelsang & 4 - b) I_,—l—'_ -
%] 06- Yuan cales. 10— ] C.J. Bomhof, P.J. Mulders,
m or [ 1 C gluon from 7 N ,
=4[ quarkfrom 1 E “=kesm Voaelsana & 1 - Vogelsang and F. Yuan,
S “L +zbeam 1E 984" %1 Phys. Rev. D 75, 074019 (2007)
2 ook 1F Yuan calcs. ] SRR 2
m el b b bvsna brnialaran s palowsalose g lesiiloaiilgusilg B
o o ] L . PR ] Reverse calc. Ay, signs for
0.02F ¢) AN (C>m) 10 DAGE> ) -1 Madison convention
e 1T — ——
B [ [ eaiusmses Basngidbiasgsestes smeiessssatansea] '__)__.,‘ M__ Scale Bomhof calcs by 1/{|sin |}
g —— === 1§ =& ] =3.0to get A, of unit max.
£ oozl R 1 magnitude
5 A — Vvt }'S' & +} STAR DATA
= ggal T VR RS 1 + 1 u-dandISI-FSI
;%. ’ syst error 1°¢C syst error i Cancellations?
@ “0'06““.'”I“”I“”ll”ll”llllHll.l- Nl o b b L Lo Lyl Testwithjetcharge
o e} |sin C|-weighted AT2( = n) F ) |sin {]-weighted 1 . .
g 0.02F - N 1" Y —A— sign selection?
z - Bomhof et al. r ple=m) ]
c —— r _+_
W (E— R [ T e ) (R | TS ﬁ— T NI Tre . .
= ¢ — — e . e = ] Factorization?
; syst error L syst error ] : it
—_— g i e T e e ) B 4 T RS RN IRRARTI Universality?
s <2 <1 0 1 2 3 4 <2 <1 0 1 2 3 4
Nt n,—In(xtZix:7) N+ Ny —=IN(xgZ/xgE)

STAR A, consistent with zero in both at high-x parton and low-x gluon region
And smaller than expected from SDIS measurements!
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Vs = 62 GeV

Submitted to Physical Review Lette
arXiv:0801.1078

Twist 3

Y

“Sivers

Large Ay(r): 0.3-0.4 at x~0.6 p;~1.3 GeV
Strong x -pr dependence. Though |Ay(r)| ~ IAy(T)] |An(Th)/ Ay ()
decreases with Xg-p+

*
BRAHMS




Unifying 62 and 200 GeV
BRAHMS + E704

BRAHMS Preliminary

By
ot

0.5<pT(n)<0.8 GeV/c

1 ID-1 1 1 Io-zl 0-3
E704 data — all pt (small star) pt>0.7 red star.

* DIS, London, April 7-11, 2008
BRAHMS




The Hunt for Lq

N Study of hard exclusive processes
ST leads toa new class of PDFs

scattering

deeply virtual
Compton
scattering

Generalized Parton Distributions

timelike ’ . Hq,Eq,Hq,Eq
Compton orbital angular
scattering """""’ - momentam
transverse localisation
- 1 ., =) possible access to
pp annihilation - s i
Jo— 4 orbital angular momentum

exclusive deep inelastic

meson production scatterin 1 1
deep virtﬁalcflf' I:rget PtI'BFs ) J —_— ‘[ XdX( H 9 + E 9 )
q 2\J-1

t—0

J =£AZ+ L
2 q

q

exclusive: all products of the reaction are detected

==pmissing energy (AE) and missing Mass (M,) = 0 rom DIS: ~0.3
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GPDs Introduction

=

" s What does GPDs charaterize?
unpolarized  polarized

~ conserve nucleon helicity
0081 HAXED) Ha(x,0,0)=g,H(x,0,0)= Ag

q Ed(x, & t) flipnucleon helicity
= (X’E'”t) ( = ) not accessible in DIS

quantum numbers of final state == select different GPD

DVCS pseudo-sgale[ mesons vector mesons
¢ E9 AES H o, E° HY,ES
AC’ALU’ AUT’ AUL um GTE‘*‘ um Gp,CI),O)
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i DVCS ASYMMETRIES
c~ (T*BHTDVCS T TT)VCSTBH )+ | Ten |2 + | Toves |2

— different charges: e* e (only @HERA!):

—~

AG, ~ cos¢ Re{H + EW%... } mmp H

— polarization observables:
AG,, ~ sind Im{H + /@H{/leEf ||ﬂ(5 Ut

. N
AGUL ~ sin¢ Im{H -I-/§H/+ ..} Il - t&HFget
AG,; ~ sino Im{k(H-E _~} mmp HE

& =xg/(2-x5).k = t/4M*  kinematically suppressed

29




CLAS: BSA: coverage and f distributions

. i . Il.'!l[l-.:!u-:llil |
Dataintegrated over t g g :
ﬁ dﬂ {l“ [ —— ....1-:..-. —— ....J.I -I“I! 1. } i
rb 403 g I 5 } .E I‘
: L } - g e |
a4l 4 EE T mﬂqr | H i
-4 \
LBk,
'-'-l"r:"" ’i'.fi
b 1
- e
I'{} '.'1
T L
Ve -
‘Htf
", |
l‘ .'I .
2 " .
|r-.-|-llI 5 - .“' " L
Lo
.’.'.'-_‘.';..‘1 - '.'I_;;:_
1 I I I
0.4 0.2 0.3 04 05

* 13 Q?, Xg bins
e 5t hins Fit = oo Sind/(1+3cosd)

e 12 ¢ bins _

Ph.D. Thesisof F.X. Girod



CLAS: BSA: avs. t

(G

® CLASel-dvcs
Hall A

B CLAS @4.3GeV?

— VGG(*) twist-2 (DD)
_____ VGG(*) twist-2 and 3
............. Regge model (**)

(*) Guidal, Polyakov, Radyushkin,
Vanderhaegen, PRD 72 (2005)

(**) Cano and Laget, PL B551 (2003)

GPD model
overestimates
the data

arXiv: 0711.4805 [hep-ex]
Submitted to PRL

Ph.D. Thesis of FX. Girod



All others:
twist-3 GPDs

Hermes: Transverse Target Spin Asymmeftry
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Hermes: Charge and Beam Spin Asymmeiry

Beam Charge Asymmetry
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Hermes: Charge and Beam Spin Asymmeiry

Beam Spin Asymmetry
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Hermes: Charge and Beam Spin Asymmetry Heavy Targets

Beam Charge Asymmetry
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What next?

4/17/2008

» More data
Hermes/Compass/RHIC/Jlab

» New Data
Compass/RHIC...

» New Experiments
Jlab@12/Compassil|

Andrea Bressan
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4/17/2008

Thanks to all the
participants of the
Spin Session

[apologies to all speakers not covered in this summary]

Andrea Bressan
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... and pions

A,, for Run 6 Neutral Pions Mir

Charged Pion Preliminary A iy -
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® Maximum gluon polarization scenario disfavored

® Improved precision with Run 6 data

® Increased polarization: 45% to 55%

® Increased Luminosity m
)-EEAH Alan Hoffman 7 DIS 2008 . H
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COMPASS 2-hadrons,

L1 leading z-hadrons

4/17/2008

2) z-ordered pairs: select in the event the two hadrons
with the highest relative energy z:

for leading hadron pairs the signal enhancement is predicted,
hadrons with higher energy carry more information
about the fragmenting quark polarization

16 combinations, 4 particle combinations times 4 charge combinations
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