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Talks given in person: |19
® Talks given via EVO: | |

® Talks given “on behalf of’: 5

® Talks canceled: 9
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2010: Spin in DIS and pp

e SpinPuzzle Y% =WA2+AG+ L

® Quark helicity distributions: input to improved global fits

® Gluon polarization AG: better constraints

®  Orbital angular momentum of partons L GPDs, TMDs

® Dynamic Hologram of the Nucleon p

longitudinal

xP
—_—e
_} B

Lo 1 bia-x)

spectators

® Nucleon tomography: Generalized Parton Distributions

=

b,: impact parameter

® Correlations between spin & transverse parton momentum
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Overview: Experimental Spin Talks @ DISI0

HERMES @
HERMES @
COMPASS STAR

HERMES
PHENIX sTAR PHENIX CLAS
Helicity |

Al g1, Aq, Au-Ad W production

A.: Au/T, Ad/d

Generalized
COMPASS (‘/ Parton Distributions
HERMES CLAS PHENIX Ere VeFsa\ ‘L
COMPASS \ STAR Efface. S\ _@
X S
BELLE HERMES
\ : SSA in incluD
Transverse Spin hadrons on H%
and TMDs
Transverse
momentum Hall A \
dependent FFs f — HERMES
SIDIS asy on D
« A A .
4 HERMES
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Elena Zemlyanickina
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0.2 |—DNS parametrization L {

polarized PDFs - P——t 0
0.1E

e Alld2002-2006 and p 2007 data 3 50
0.06

(new data 201 1)

.15

® Extracted from SIDIS double-spin
asymmetries of identified hadrons

of

_ 006 F

v Good agreement on non-strange PDFs with results of previous QCD o1
fits =

v Shape of As(x) disagrees significantly with previous fits Q.15

v’ Flavour asymmetry of the light sea quarks have been observed
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PHENIX: W production in pol. pp

* ldeal probe for
polarized PDFs:
hard scale,
no FF uncertainties

:" * "

Proton helicity

N | —
wix) Vv .
g of e  First 500 GeV run
spring 2009
'(7(.\';) ""- [
—\ * Parity violating beam-
o spin asymmetry AL
) A W' — e* (ly |<0.35)
= DNS max . .
< f[—oesves | Preliminary
| == DNS min
| = DSSV
| = GRSV val
-0.2
-0.4
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-0.6-— <P>=0.39+0.04
i dilution 1.11+0.04
03} +
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PH ENIX

P [GeV/c]

counts

Ken Barish for Mickey Chiu

Background Signal
pr Range (GeVic) 12-20 30-50
Raw Asymmetry 0;035:0.047 -0.29.0.11
E § Positive charge
1
10° = : - EMCal cluster associated with track
E . Isolation cut (E____<2GeV)
107 - o " 2 PH ~ENIX
= Y4 _
ol +'*+ +| v | Preliminary
= Hy +H 1L L
% Al L
e L
T T e
p.[GeVic]
PHENIX prelim

AW =-083+0.31]

Phenix Muon Arm Upgrade
201 1=

improved W measurement
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STAR:WV production in pol. pp

Global analysis predicts positive net

Jan Balewski

A, [ STAR Preliminary Run9 \s=500 GeV helicity difference g — 1 | .
L . 2 5 5 e E [~ ONS porameterzation | |
 Ptp oW ety e X (AU-Ad) g = *‘ i l ‘
0.4~ E>25GeV J"'“fmi[ A = Ifl 1
W (I i [RBERE R W- 1 /[Au Ad 1 —
B stremnas AL —_— — B il hf— #
0.2 - 2 \\u d hifsecal, :
_ G, -0.
. A=5773. - N
a STAR Preliminary Run 9
i : W- W+ RHICBOS
[Pe— : ---- — DNSK
it S Ap(W™) = —0.33 + 0.10(stat.) =+ 0.04(syst.)
«0.2 deFlorian & Vogelsang poa 10.04
i T DSS5V08 AL (W ) = 0.184+ 019(Stat) _0:03(Sy5t.)
: J
0.4}
- 8 syst. uncertainty due to abs. WV x-section: reasonable
- £ polarization and background
| | agreement between
2 -1 0 measured and expected
lepton 1)
STAR forward tracking
upgrade (FGT) 201 |
7
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Bernd Surrow

Jet | } g
)t Il _I';‘ l L %
WAL ® Run 6 data analyzed; rules out
\ % GRSV-MAX
.\;;““ a
Inclusive and correlation vV ) : .
l\‘__'_, . ® Run 5 = 5+6 higher stat precision
measurements } 1
. + greater prt reach
| st global analysis including '\) - @ N
RHIC Spin data PO Uit oo it e SO
S f s AG=1.8 E
Strong constrain on size of Ag vos —vas-a :
. | GSC -
for 0.05<x<0.2: indication of o E
D. de Florian et al. PRL 101 (2008) 072001 E s 5
small value L L L L 0 % T - AG=0.4
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AG @ COMPASS

NMO (MeVic))

DO double-spin asymmetries in

photon-gluon fusion (open charm)

2002-2006 data and first time 2007

Neural network used with signal
and background model

COMPASS 2007 D, (D* tagged)

Preliminary

N(D°) = 4600

200 400 600

M, - M, (MeVic’)

LO extraction from data

NLO under study

Celso Franco

AG

G

=-0.08 £0.21 (£ 0.11)

@ <Xg> = (.11, <u’> = 13 (GeV/c)?

1
]
o) 0.6 v
o i
PR
o.z}

= ftwith AG<O, 1 z3Gevic)

COMPASS, open charm, prel., 02407
COMPASS, highp , 0'<1 (Gevic)”, prel., 0204
COMPASS, highp , 0%1|GeVic)”, prel,, 02:04
HERMES, single high p, hadrons, al Q’, aniv:1002.3921 |
SHC, high p_, %1 {GeVicy’
fitwith 1G>0, ’=3(GeVie]

0.2

J 4+

) e
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|10

Viadislav Korotkov

HERMES: A; and g

N°'3:_ ® HERMES preliminary
g | (10.0% scale uncertalnty)
oosf ¢ E155Coll
I E143 Coll.
oaf ~ SMCColl
— A
015
o QPM:g=0 5
0.1}
g2(x Q%) = g (x, Q%) + 2(x, Q?) 5
e OPE: 0.05f
g (x, Q%) = —g1(x, Q%) + [ &1(y, @)Y :
A Ty
o o o . . . — o !
® Sensitivity to g2 is highest if =90 st
Spin Plane 0.1 _
y | L1
2 g
1 Sucessful test of 10 1 X'
/ s / " Woandzura-Wilczek Foa ep——
S | y \© . B » HERMES preliminary
S relation o9 ¢ . E155 Col.
\ [ E143 Coll.
\ : | xgzm
N 2\, | ooaf
Scattering Plane . " 1 2
0.02_—
® Complete transversely polarized data ; /f"f*-\?\
0 =
set 2002-2005 : IENERERN B
L + !
¢ -0.02:- } }'
® QED radiative + : I '
. . 0.04
detector smearing unfolding and good transition :
o . 1 'l |
to Transversity & Sivers! % 0 :
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. Spin-momentum
Tran sverse S Pl N & T M D S struc?:ure of the nucleon

quark pol. T

TMDs = transverse
momentum dependent U L Ik chiral odd
PDFs

Boer-
Mulders

® Quarks can have intrinsic
transverse momentum
relative to infinite
momentum of hadron

nucleon pol.
-

(T'wist-2 TMDs)

pretzelosity
® TMDs:give correlation

between spin and transverse
momentum

‘f’l‘/' — e K '. — - » Vv Y Y *
e Only fi, giL, hy ‘survive’ 5 %’"’&—

integration over trans.mom

Transversity l
Sivers worm-gear

=sin(P-Ps) modulation

AL ™

® Except for f| and giL: need
SIDIS (or Drell-Yan)
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TMDs @ HERMES

Sivers pions

7.3% scale uncertainty

u-quark Sivers DF < O

Evidence

urkardt. Phvs. Rev. D66 |

) .'1"'
AT

+
2 (sin(9-hg) )it - 2 (SIn($-0g)

d-quark Sivers DF > O

(cancelation for m°)
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ep—ehX

Gunar Schnell

trans pol target

for

orbital momentum
of quarks

2002) 014005]

* Pion difference asymmetry:
access to Sivers u-valence DF
* sin(Ps): large signal found

* sin(2P-Ps): no signif. signal
* Both related to worm-gear,
pretzelosity, Sivers

| “Kaon Challenge”

ud)

= non-trivial role of sea quarks?

E KT — ot
0.15}
01"
0.05 - - +
o i 1L
-0.05
! 5

10

W T 1
L



TMDs @ COMPASS

13

new results

Sivers hadrons

Anna Martin

COMPASS 2007 proton data )

Q::‘O.l s po.\iti\chadmns. =
Entended kinematic domain | S eeSnEaee
wrt HERMES — : £+ R . } ; §§§ ; ;
0 &;ﬁ.t@f"‘ i‘i.té ! 4 - t;ﬁ; , %

Collins FFs: correlation : I ! ’ ‘ .
between transverse ' e
polarization of quark and AT (e —— [ T [
trans. momentum of P : ' ' ' '
produced hadron o 10" | 42 l- LI . H »

X z p. (GeVie)

- positive hadrons

C ( '().‘»IP;I.SL‘»’ _"l‘)()-",",'()l'c.').' ./;’.'l(l )

Clear positive signal in
valence region

Compares well to fit to
previous world data

'\j()‘ W ® . B e negative hadrons B
| gy | Bl laalls 3
Kt &5, ETE: Pl [Pt R *
[ S— | e ——— T T T — —'-“,'\"
Ll s 1l L 1 | | | J
107 107 0.5 1 0.5 1 1.5

P (GeV/e)

® Now evidence for a positive
signal for h+, smaller than

HERMES (factor of 2)

® Reason:W-dependence!
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TMDs @ CLAS

SIDIS pions on longpol target

“worm-gear”
<5‘ 0.15 °
0.1
0.05 7 L
0 LA
-0.05 {4~
-0.1 A A
.0.15 ' p,= 0.047=0.010 1 p,= 0.046x0.016 p,~ 0.059£0.018
p,=-0.042+0,010 p,=-0.060x0.016 ip_. -0.010£0,019
0.2 “—
0 200 0 200 0 200
] #
¢ (deg)
- 0.1 = &
~ HERMES
s J A CLAS ‘
< |
0.05 o - T
| | [ * 1
X | L & . .
0 [HY H+Tai | P
005 | | +

o

|4

025 0.5

Patrizia Rossi

BSA for SIDIS T1°
<: . f&”\\ X@&\J CLAS <Q/f(y)>
.. 3@@\\\ L e
0.0Si " , a
0 .T

0 02 04’ ’ '0’6‘ 08 1 1
P, (x,=0.15, 0.4<2<0.7)

curves, xQSM from ® BSA for TT" similar =
Efremov et al
small Collins type
contributions for TT™?
® Future: transpol HD-ice
target
°

H. Avakian et al. arXiv:1003.4549

JLab12: wider kinematic

coverage; high lumi; high
polarization
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Anselm Vossen

Transverse IFFs @ BELLE

Interference Fragmentation

® First Measurement of Interference Function:
. . Fragmentation of a
Fragmentation Function h transversely polarized
quark g into two spin-less
. ] . -. hadron h1, h2 carries an
® Measured: azimuthal asymmetries in | azimuthal dependence:
di-hadron correlations : « (kxRy)-s, "
£ Sin ¢
® Systematics to be finalized
20.04, S04 2 0.04 0.04;
- 0.03} o.os{; N :-g:' : g:: b
0.02, { 0.02, t a0t e . 0.0t ey ® y
0.01? D ok 4 0-_'_’ ¥ o¥ 0- —
of e T .01} 0.01-
: , -0.02f 0027
00E 020 <2 0.30 | 003 020<z,<030 003 030<z,<040
B L R B 02 Wl 0a 0% 0 0T 0E e T 004l 0 05 08 0 08 e T
~0.04E LAy
0.03- 03
0.02] 0.02" I ‘:"[;ij
L1 — o "u B B 0.01- _ Py & i o
oil; _ e — o:—" - T e .01
-0.01? 040<z <055 D01 055 < z <0.75 :z:gi_
0025506 eE iz T4 16 MO gEas Uiz iATi6 ek
_ N m, [GeWc] m, [GeVnc] :
® Future goal: combined analysis of SIDIS pp, e+e-
® Extract transversity
® Disentangle contributions to An

|5
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TMDs @ RHIC

Long History of transverse SSA in pp

4.9 GeV 6.6 GeV
60 80 ¢
PR RSO : o e
0 ® 0| o
+ ¢ ; @
- 20} *X o® 20/ ®
> - . ! y
‘= @ . A € 0 ‘.’-}
‘( Y
20 20
40 40 } :
’1] } ! . v
-60 L 0 <
02 04 06 08 1 02 04 06 08 1
X; Xe

' - b'4p — 2"+X at s = 62.4 GeV

-20 |

60

ol

2
0

194 GeV 62.4 GeV
: ¥ L - | ws PR 101 O X
| PLB 284, 462 (150 L %} BRAHMS
0.. 2C_ .’
‘e !
31_ 0} Of
il
.‘gz "05
t FN/ | 1O !
02 04 06 08 1 » 02 04 056 08 1
X; :I:F
1991 2008

Anselm Vossen

= .
L L. PH ENIX Preliminary
| 20°% polarizatica unceralrty on A scale
0.15— 107°% emergy calibwal om unzentainty on A'u.ah

® Rising pt dependence @ fixed xr bins not explained

for Vipuli
Dharmawardane

PHENIX

PPT>nX : largest
contributions to Ay
come from Sivers
mechanism

® Extraction of gluon Sivers by ppT—DX

® Measurement of transverse asymmetry Auyr:
extraction of transversity needs IFF (— BELLE)

- e31<n<3.7 ”
0.1}
0.05} -
' ?
F .
0:_ ; -
t. 4 i ' - i 4 PE.. 4 i 4 l ' i i ) S ¥
4.05 0.6 0.4 0.2 0 0.2

Andrew Gordon

STAR
AN p+p —> 7°+X at vs=200 GeV
[ Spin 1 & e
ﬂl Spin L Run 6 Data
o Left Right s s S
Fl - _ . Sivers (HERMES fit)
0.1 H Jﬂ i Twist—4
: .f.i , Y - N :
o 025 0 I
_ 7y mass (GeV,/c”) , i
{ ~ o= |2
J.OQ_ (\”>=3‘7 | e’\«n‘\=33
L = A i
CTIe e s } S
L B, I < L | - v |
| 1 I | 1 1 1 1 I 1 1 I 1 | I I 1
— -\l = ‘l = — q "
Lo l) J [},\, L O 5 XF

® Llarge asymmetry in
forward region

® Ongoing analysis: central
jet Collins asymmetry

® Asymmetry for w for
understanding of Collins
effect
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HERMES: SSA in inclusive

sing
uT

0.08
0.06
0.04
0.02

-0.02
-0.04

sing

uT

0.08
0.06
0.04
0.02

-0.02
-0.04

)

0.2
0.1

|7

ep' =" +X

HERMES preliminary

: 3 ‘

& o 2 v ’

: s : . y

= ‘ ¢ o

3 . - .

£ il - + ;

.—_---‘- e — '----"""----'""""---""‘-"""'""---':"-----""'----"“--""-""'---""'"-----""-"----"

:_ 8.8% scale uncertainty :_

e I — [== -—_

YT (RSt GO en] [T o ot-ued I - (S0 v G 1] B LR W ISt DR 1 TR WO S VS T [ Y i TS ) VY e Y [ £ W W Y T TNY Gl 357 Vg YA Y] Y B P

Cepl =+ X Cespl = K +X

;_ s 3 ‘ _ TR EEE. . + |

. _ 8 e e e e e e e e e e s RN BRIt e e SN e e e

E ¥ o ® ° E f *

- ————eesSSss [ DS

PP R BT EEPPUNPIE U RPN RS NP I T U T N T U A T TN TR U NN YT VRN T T YT W U A W T N T U WY MM N U W

[ @ e > @ ®

[ « * * . = « ®*"® e ¢
....l...l..:l...l...l...l...l...'lll‘ll.llll||l|||||||l||1|ll|l|||

02 04 06 038 1 12 14 02 04 06 08 1 12 14
pT[GeV] pT[GeVl

hadrons

Alejandro Lopez Ruiz

 ¢pl — hX

® No lepton
detection required

® Aninepissmaller
in size than for pp

® Anresembles
Sivers effect

® Also available: 2dim

binning in (xr, pT)
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COMPASS: SIDIS h on longitudinally polarized D

sin® moment

Igor Savin

2.02

0.02

COMPASS

HERMES . |

T IR ER T TR IR TR PN TRI NN

0.02 e - —
E E * ' coMPASS HERMES X * Y
-3 — ' S
g Wnr + e 2 3 3
Z ; 1] a2 WME 5 nE
~ F | | @ - 0 -
- oy = k_ pgt - J L4+ 9 © -
%E t *, | IT-J+ } + ¥ 3 oses | ? 0.008 -
a0 o= + I 0 ;—— — - - ¢ ;———
E * £.008 E— » 0.008 f—
D2 :.r COMPASS - | =
- - 201 : T 5
F A o =
0.9 E-"t‘ HERMES 2.015 E- Dote _:_-
J:04.“l 2 2 Ehnsg—is ULl _coz"llllllllllllllll gun linon . a nlin a0 a -O.C‘.':“
10° 10"° 0.1 0.2 02 04 06 0.8 0.3 0
X 4
® SSA may provide information on transversity
o

All harmonic moments for n>0 compatible with 0

0.1 02 03 04 06 02 07 08 09 1

pQ,GeV:’c

o.n

.

—

Hall A: SSA in SIDIS on
tl"anSPol target Evaristo Cisbani

® Polarized neutron target (He3) via fast spin exchange

® Data taking Nov.08-Feb09

® Projected statistics on pion asymmetry. Exp. summer 2010
18

%

: | g

Sivers Moment
o

1
o
(0

g G;GE

A D"

Neoutromn w*

-

- .
- | Voos sena ana Yuan 2008
1

7 JLab K06 —-010

pro n*
Neutron n* KUT
SR i
o - -} dLob E06-010
g, it V:A‘_.’proje(lted

o 0.2 L& ) Q.. o.n
(O
Prokudin et ol, 2008 |
’ :] Vogelsang ond Yuon 2006
A L " 1 i A PO W LUPRN o e e T
0 0.1 0.2 0.3 0.4 0.5
X
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Donghee Kang

COMPASS: Lambda Polarization

a  ooF Preliminary COMPASS 2007 A Preliminary COMPASS 2007 N
a, o
Ideal probe to studv sbin effect 0.15E- fransverse proton data transverse proton data
p y p 0.1 A
o Self analyzing weakdecay A — prx 0'03 0¢‘ __________ o +§ ______ # _____________
-0.05 .. . +
° ° 041
Transverse A polarization —
-0.2
o Access to e u;’ I ul)' I e ul)’ . ““{(l)"
: Xos Xg:
transversity l l
Longitudinal spin transfer of quark to baryon
il 5 CE)MPASS (2003-2004) = S -: .c(\)MPASS (2003-2004) A
. LA LR LA J '— 0'8 — ‘_ LA L AR LA J '—
New HERMES result 08F ° X | [ -
D 0.6 T f '
(@] (8 0.4 i l ¢
0.5- 0.4 ] ; : I T . - st
- | - | 0.2 S e
¢ ¢ & iéﬁ 2 0.20,....... T I il e
0.0 H & o 14 3 1 i 0 [ .
4 - g | ° |
-0.2 \ o -0.2[ !
-0.5-
__ y: Dy, #D;; i
' - [ 'A—f
-1.0- 1 -06—- ] -0.6 = 11 .
- e 0 0.2 0.4 0.6
® NOMAD (v N - pAX) Y 107 1x0 1 X,
-1.54 w E665 (uN - p'AX)
] A COMPASS (uN - p'AX) 1
§ HERMES Preliminary (N > e'AX) Test of the strangeness quark
-0.8 -0.4 0.0 0.4 : & ra Ko =
x and antiquark symmetry s(x) # 5(x), As(x) # A5(x)

19 F
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Hard Exclusive Reactions and GPDs

¢ Generalized Parton
Distributions provide multi-
dimensional picture of the nucleon

® Access via DVCS or DVMP . e e
I;orm Factors Parton Distribution Generalised Parton
At leading twist and for a Functions Distributions
proton target there are 4
quark GPDs:

H.E.H.E %

® i sum rule for total angular
momentum of quarks:

factorization

/(I.I'.r [Hy(2, ¢, t = 0) + Eylz,(,1 =0)] = 2J, Bl

20
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HERMES: DVCS on H

Deeply Virtual Compton Scattering ep—epy

>N
<
s =
7]
_J S £
= o P gt - - o \/ E
“1, { ( ™ oed >
ff:}. Bethe ¥ 't';, iz 8 ®
A-I eltlA .E
Q.
(7]
S
: :
<
(]
=
I'd A 2"

| | 2 —_— ‘ 2 T /—4; * -~ r
7|°= |m8u|* + |TDves|® + TBETDVCSs + TBHTDVCS .
S
£

. 3
, —eg K1 T :

z — P Py n.Lp COS(no) L S, Lp Sin(no) =
P(o) ;) HZ—I | 2
Beam Target + terms associated with an £
Polarisation Polarisation unpolarised target / %
v
3
Sensitive to Imaginary / Real 2

part of Compton Form
Factor

R

H

Reso. frac.

CR for David Mahon

VGG Regge

.............

..................................

000 ©

0 02 04 06 0 041 02 03
-t [GeV?)

integrated Xg
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HERMES: DVCS 1996-2005 v anin

cos(y)
AC

cos ¢
AC

cos(2)
AC

cos(3¢)
AC

A8|ﬂ [0

LUl
sing
ALU.‘DVCS
zini2y)
ALU.I ’
slnlp-o).)
uT,l
alnb:-—(-.)
UT.DVCS
sinip— )cos ¢
uT.l
cosp —40.) gin¢

AUT.I
ging
AUL

sini2p
AUL

Acos(m-)
LL

cos ¢
ALL

cos2p)
ALL

22

® Hydrogsn

HERMES DVCS A Deutsrium

Praliminary

]
]
i B——H
H—v‘i—H'
A A A l A A A A A A A A l A A A A l

-03 -02 -01 0 01 02 03

Amplitude Value

® Spin-| target: 9 GPDs

® No coherent signature found for
deuterium w/in uncerts. Unique
measurement

® Nuclear data published

® 2006/2007 unpolarized proton
data released - huge data set

® Analysis including Recoil detector
information 2006/2007 in progress
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DVCS Awu GPDs @ CLAS
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Cross section
measurements: Re(H)

Future: transverse target
run with HD-lce target:
GPD E

= constrain on Ju+Jd
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Dedicated run 2009 with
inner calo for target and
double spin asymmetry

Results to be released

 Flavor separation
with exclusive
meson
production
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Overview: Experimental Spin Talks @ DISI0
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