Recent results on angular momentum and
strangeness 1n the nucleon

Achim Hillenbrand
(DESY)

,A —/
for the %Ig)‘f/ collaboration
rmes

* Transverse single-spin asymmetries on hydrogen target
= Collins and Sivers effects

e extraction of strange quark distributions from an isoscalar
deuteron target
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DIS: probing the nucleon structure%g@%
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Cross section contains Distribution Functions and Fragmentation Functions:
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DF: distribution of quarks in the nucleon

FF: fragmentation of (struck) quark into hadronic final state
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Distribution functions =
Leading twist:

3 DFs survive integration over transverse quark momenta

momentum helicity transversity
distribution distribution distribution
q(x) Ag(x) r) = hi(x

O, @ @

basis of transy.

helicity basis .
spin eigenstates

all three DFs needed for complete description of the nucleon!
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Transversity 099

* non-relativistic quarks: Aqg = dq
* 0q: helicity-flip of the quark =chiral-odd

S N
N N

+=4q(@) —= Aq()
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Transversity 9q e

* non-relativistic quarks: Aqg = dq
* 0q: helicity-flip of the quark =chiral-odd

N NS N
N E N o

+=q(xr) —= Aq(r) 0q(w)

* access to 0q in combination with

another chiral odd object
= Collins-FF H,+
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Collins Effect =

e Collins fragmentation function H -+
* naive time reversal odd —final state interactions
=azimuthal single-spin asymmetries

* describes correlation between transverse polarisation
of fragmenting quark and the transverse momentum
Pn. of the produced (unpolarised) hadron
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Azimuthal Asymmetries =

Measurement of cross-section asymmetries depending on the
azimuthal angles @ and ®s

1 o — ot
AUT(QbaCbSv'“) - S| ot + ol
| >4 Sq(a, p3) - Hy (2, k3)
~ ...sin(¢ + ¢g) > €2 q(x) - Di(z)
o T@ 7[R DGR
3 ...sin(¢ — ¢g) > €2 q(x)- Di(2)

. convolution integral over
initial (pt) and final (k)
quark transverse momenta
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Azimuthal Asymmetries =

Measurement of cross-section asymmetries depending on the
azimuthal angles @ and ®s

1 o —gt
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| | , oy 7| Pale.57) - Hi (= k)
Collins Amplitude ~ - "Sm(qﬁ + ¢s)) > €2 q(x) - Di(z)
. . . Sees 7| |fir (@ R) - Di= k7
Sivers Amplitude  + -+ a0 00— TS

. convolution integral over
initial (pt) and final (k)
quark transverse momenta
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Sivers function

* describes correlation between intrinsic
transverse quark momentum (pr) and
transverse nucleon spin

e Chiral-even function

* T-odd functions allowed due to final
state interactions (FSI): E Aﬁﬂ
quark rescattering via a soft gluon 3
= time-reversal invariance condition |

changes

= naive T-odd

* non-zero Sivers function requires non-vanishing orbital angular

momentum in the nucleon wave function (can contribute to
nucleon spin!)
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Collins Amplitudes for Pions
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Collins Amplitudes for Kaons
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Sivers Amplitudes for Pions =
As o fir @ Df
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Sivers Amplitudes for Kaons
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significantly positive for K*
implies non-zero angular
momentum of quarks
consistent with zero for K-
K* amplitude larger than

TT" amplitude

strange contribution
to Sivers mechanism
may be important
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Strangeness in the nucleon
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*isospin symmetry between proton and neutron
echarge conjugation invariance in fragmentation

Strange PDFs with isoscalar target

Assumptions:

* strange quarks carry no isospin = s(X)proton = S(X)Neutron

e deuteron target (isoscalar!):
fragmentation process in DIS can be described by isospin
independent FFs

e Charged kaon multiplicity in LO:

AN¥(z)  Q(z) I D5 (2)dz + S(x) [ Dg(2)dz
dNDPIS(z) 5Q(x) + 25(x)

+a(x) +d(x) +d(z) DG =4D, (2) + Dy (z)
S(@) = s(x) + 5(x) DX () = 2DX(2)
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Fitting dNX(x)/dNPI>(x) e

2 0.15
s Assuming S(x)=0 for x>0.15:
x 01 - .
Z 0.8

0.05 | - D¢ (z)dz = 0.398 £ 0.010

; 0.2
"t = -~ — . .1 de Florian et al., PRD75, 114010 (2007):

N 10§ . T ' A'A'A"E 0.8
8 | aaanst? | D§(z)dz = 0.435 £ 0.044
NCA, 1 R . 0.2

- Q(z) [ DS(2)dz +HS(z) [ D (2)dz
dNDIS(:z;7 50 (2) + 24w

/

CTEQ6L

Achim Hillenbrand 14 |CHEPO8, Philadelphia, USA



S(x) at Q%=2.5 GeV? —

SN it :
0 0.4 | ... CTEQSL  _
: . X(u(x)+d(x))

02 -
0 I --...-..-..-...---..-....j...:;.:.:.:.\*:‘E-ﬂi ...... —
1 1 1 1 1 L1 | 1 |I_||_I| 1 |
0.02 0.1 0.6
X
e xS(x) obtained by evolution of data to Q%=2.5 GeV?
using 0.8
D& (2)dz = 1.274+0.13
0.2 de Florian et al.,, PRD75, 114010 (2007)

e Shape incompatible with CTEQ6L and with average of the
isoscalar nonstrange sea
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Extraction of AQ(x) and AS(x)

0.3

Douﬁble spin AL (x) 1 CAR(x)
asymmetries from long. 0.2 | | - Mld
pol. deuteron target o | .| 05 - +
A(h) o Ug’(h) — Ug’(h) 0 _.'0".. ......... 0 :___.__!_._9__0__?___‘ ________
H o= () 4 5= () 003 01 04, 003 01 04,
dQNDIS
@) G = Kun(e,Q) BAQ() +285()
d*N&
A0 s = Kun.@) [8QG) [ D+ AS(@) [ DS

AQ(z) = Au(x) + Au(x) + Ad(x) + Ad(z)
AS(z) = As(x) + As(x)
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Helicity distributions at Q%=2.5 GeV*™

02L — Leader et al., PRD73, 034023 (2006)
0.1 |
0
0.2 | |
01| XAS(X) ’ +
E °
OF---- ¢ ¢ ++ ........ EEDT
; S
-0.1 ' ——— - e
0.02 0.1 0.6
* 0.02 <xp;<0.6 Moments in meAsured range
* Aqs=AQ-2AS AQ  0.359 + 0.026(stat.) 4+ 0.018(sys.)

AS  0.037 +0.019(stat.) £ 0.027(sys.)

* from hyperon decay constants
Ags  0.285 £ 0.046(stat.) + 0.057(sys.)

(assuming SU(3) symmetry):
1
Aqg = / Agg(x)dr = 0.586 + 0.031
0
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Conclusions =

* (most) precise data on a transversely polarized hydrogen target
* significant Collins amplitudes for TT-mesons
= enables quantitative extraction of transversity distribution

* significant Sivers amplitudes for 71" and K*
= clear (and first) evidence of naive-T-odd parton distribution

= enables quantitative extraction of the Sivers function

e Shape of S(x) is much softer than the isoscalar sea
e SU(3) symmetry seems to be violated by strange quark PDFs
e s quark helicity densities consistent with O
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Additional slides
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The transversely pol target

BRP Target Chamber
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|
proton beam line . electron beam line
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The HERMES Experiment %@/

FIELD CLAMPS TRIGGER HODOSCOPE H1
o ¥ N
DRIFT CHAMBERS
2 —
PRESHOWER (H2)
DRIFT \‘ -
- CHAMBERS P 140 mrad
FC 1/2
+H _“_PROP-
_ - CHAMBERS 27.5 GeV
0t ey L T L = FUMINOSITY *
TARGET = J[H . MONITOR €+
CELL f y
- HODOSCOPE HO
~==—1 140 mrad
STEEL PLATE TRD  CALORIMETER
2-
~— MAGNET
T T T T T T T T T [
0 1 2 3 4 5 6 7 8 9 m

Particle ID: TRD, Preshower, Calorimeter, Cerenkov (until 1997), RICH (since 1998)

Reconstruction: Ap/p < 2%, AO<| mrad
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