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e prerequisites
e polarisation of quarks: AX=Au +Ad, +Aq,

e polarisation of gluons: AG

new e hunting for the OAM L,y > talk by M. Duren

developments _
e transverse spin phenomena - talk by U. D’Alesio



polarised deep-inelastic scattering
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experimental prerequisites 122
-the 2"¢ generation-
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experimental prerequisites
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polarised structure function g,
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first moment I',9 and AZ
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e valence quarks are well
determined:

Au, >0, Ad, <0

e gluons and sea quarks are
poorly constraint by data

SU(3); symmetry implicitly assumed



call for more direct probes...

kinematic range of polarised DIS exp:
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call for more direct probes...

kinematic range of polarised DIS exp:

| x=632E-5 __,

a :’:::”:':’).-‘Li x=l g
s
Mﬂ-ll*'%? x=0.032

nera ¥, UNpolarised DIS

A2
=M 61

B £EUS NLO QCD it

A=1L000253

x =004

£ =000

A A=0.000632
L A= ODE
%

—— HI1 PDF 240M 1

= H1 Y440
a HIT (prel) 49090

a=1LiMH 3 = SELUS Y697

00021 A BCDMS
F&a6S
x=h 3L s NMIL
A= S
=13

_ s x=1021
-_'_“:ﬂ'-‘;"ﬁ

B

) WL ; oo geal & g =1 U8
= e et | X

M s b =0.18

— AAC -
BB - —-

GRSV
LSS

Q2=1GeV?

0.01 0.1

need polarised collider to

extend kinematic coverage




flavour tagging: sem/-/nC/US/ve DIS

%4?35

[PRL92(2004), PRD71(2005)]
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more about strange quarks

. strange quarks carry no isospin, thus the same in proton and neutron

—> use isoscalar probe and target to extract strange-guark
distributions



more about strange quarks

. strange quarks carry no isospin, thus the same in proton and neutron

—> use isoscalar probe and target to extract strange-guark
distributions

needed ingredients: Al,d(x,Qz) , Af;”(_ (x,2,Q”) and K" +K~
multiplicities

. strange-qguark fragmentation function either directly from data or
from parametrisations

- only assumptions:
e jsospin symmetry between proton and neutron

e charge conjugation invariance in fragmentation



unpolarised strange quarks

ST - [PLB666(2008)]%M
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unpolarised strange quarks

K+
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+ K~ multiplicities:

0.2 de Florian et al., PRD75 (2007)
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polarised strange quarks Wk

: . . PLB666(2008
results consistent with previous o3 . o i : s
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flavour decomposition 0.2} . ke
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inclusive DIS results

sign of violation of SU(3);
. symmetry or of substantial
contribution from low-x region

- HERMES: (0.02<x< 0.6)
Aqg = 0.285+0.073

- hyperon decay constants (SU(3) symm) _ 5 L = =

0.02 0.1 06
A% = 058620031 X




‘direct’measurement of AG

e golden channel: charm production

4? -> theoretically very clean
y¥ -> experimentally very challenging
g B e @HERMES (Vs=7 GeV):
q hadron production at high P
- experimentally very clean

Photon-Gluon Fusion (PGF) > h|gh|y model dependent
due to variety of background processes

other sub-processes make life hard:

\Px/-l- \/ .
-

e 4 Lo-Dis + g
‘ 9

extraction relies on Monte Carlo description of subprocesses (pythia)




direct measurement of AG

. e golden channel: charm production
JJ) q -> theoretically very clean
-> experimentally very challenging
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direct measurement of AG

2 g golden channel: charm production { ?" ]
y;"? e hadron production at high P;
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quark and gluon polarisations
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in phenomena

transverse sp

beyond collinear approximation



quark structure of the nucleon
O 02 (x) = — {q<x>+s Aq(X)vs+5Q(X)vsvS fn’

@ O -©- - @-©

unpolarised quarks longitudinally polarised transversely polarised
and nucleons quarks and nucleons quarks and nucleons

[also: hy9, A+q]

Peculiarities of 0q
e probes relativistic nature of quarks
- otherwise 0q = Aq

e no gluon analog for spin-1/2 nucleon
> different Q2 evolution than Ag

e sensitive to valence quark polarisation

e only known way to obtain tensor charge




quark structure of the nucleon
O L2 (x) = —{q(x) +S,Aq(x)ys +8q(x)y57'Sy fn’

00 & -0 0
unpolarised quarks longitudinally polarised transversely polarised
and nucleons quarks and nucleons quarks and nucleons

[also: hy9, A+q]
0Qq: helicity-flip of both nucleon and quark

0q is chiral-odd - needs a chiral odd partner:
SIDIS: o7 o Zae‘ﬁeq ® 59 (x) ® FF‘Hh (2)

ch/ra/-odd Ch/ra/—odd
chiral-odd fragmentation PDF F

function acts as polarimeter of _

-~

transverse quark polarisation chiral-even




“Collins-effect”

B collins FF H 1+(z,k:?) correlates transverse spin of fragmenting quark
and transverse momentum P, of produced hadron h

- left-right (azimuthal) asymmetry in the direction of the
outgoing hadron

our observable: single-spin azimuthal asymmetry



IS this observable unique?
“Sivers-effect”

B another mechanism that produces single-spin azimuthal asymmetries:

Sivers distribution function : distribution of unpolarised quarks in a
transversely polarised nucleon = describes spin-orbit correlations

[Matthias Burkardt:

chromodynamic lensing]
ux (z,b1)

a non-zero Sivers fct. requires non-zero orbital angular momentum !

Sivers fct. is (naively) time-reversal odd'!



polarised DIS" cross section %
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polarised DIS" cross section

do'h(x,y,Z, })hL9¢" ) —
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(Collins effect) olarised targets but not only...
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first time: transversity &
Collins FF are non-zero!

o TH asymmetries positive — no
surprise: u-quark dominance and
expect 6g>0 since Ag>0

e large negative T~ asymmetries
— ARE a surprise: suggests the
distavoured CollinsFF being large
and with oposite sign:

HlJ_,disfaV (Z)@LIIJ_,faV (2)




extracting {ransversity

spin-dependent
fragmentation
function
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first glimpse of transversity

_ _ — g K
global, simultaneous fit: %@é
| |
@

compare to AQ:
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[Anselmino et al. PRD75(2007)] X



spin-orbit structure

Sivers function:

[Matthias Burkardt]

a non-zero Sivers fct. requires non-zero orbital angular momentum !
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Sivers asymmetries
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0.2

2 (sin(0-0g) o

2 (sin(0-0g))r
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Sivers asymmetries ©

« K " HERMES PRELIMINARY 2002-2005

T O IT+ —lepton beam asymmetry, Sivers amplitudes
- 8.1% scale uncertainty

+ oo ® E + o o ¢t I|I:I IER
i m] o
] ] -]
- | I—
_|I=|'ﬁ|| |||_l|| 1 1 Ll T |i|||||

A K
A C C
TV PRI T
5 5
bbb b
gT [ [ [ ] | | | | L] | [ | 1]

0.1 0.2 0.30.2 0.3 04 05 06 0.2 04 06 0.8 1

X

Z

P, [GeV]

1
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e SURPRISE:
K* amplitude 2.3+0.3 times

larger than for "

- conflicts with usual
expectations based on u-quark
dominance

—> suggests substantial
magnitude of the Sivers fct. for
sea quarks
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comparison to models

Anselmino et al. PRD72(2005
excellent description of pion data [ ( )]

but: cannot constrain sea predictions for kaons:
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kaon data suggest that sea quark contribution may be significant
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comparison to models

[Anselmino et al. PRD72(2005)]

excellent description of pion data
but: cannot constrain sea

lepton beam asymmetry, Sivers amplitudes
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extracting the Sivers function
Sy usual unpolarised
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structure of the nucleon

from unpolarised DIS from polarised DIS : ..

first glimpse

9a0=AZ
=(0.330+0.025(xp)

o207
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- see next talk !
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structure of the nucleon
-the open tasks-
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first extraction of 8q measurement in

0
0031 » compass
02|

e
B 004 [ + F * ;~
"":‘i+*+ o :'*+++ }
T s s S—
gm-Tu by LBy
| Z g measurement in

44 Ty
LA 02 0302 03 04 05 06 02 04 08 08 1
X z P, [GeV]



structure of the nucleon

-the future fac“ilities—

© HERMES (Q* < 1 GeV?)
* HERMES (Q*> 1 GeV?)
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- see next talk !

first extraction of 0qg

[ HERMES PRELIMINARY 2002-2005
Collins
FaA% u ty

“% o1 |-
‘g oo [ scale uncertain
0.04 + + i ;_
o L 0 W T8
] ,,_;z: E: ............ H
gw— $ + ] + ! "—4 4 +
e { 3 I
e (GRS
02 0302 04 05 ul 02 puﬂla.h



Backup slides



1082

multiplicities compared to theory

new FF from combined NLO analysis of single-inclusive hadron production
in ete-, pp and DIS
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