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Deep-Inelastic Scattering
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Deep-Inelastic Scattering
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(ER Ly quark-parton model
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Leading Twist Distribution Functions

T—even T-odd
X—even X—odd X—even X—odd
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Leading Twist Distribution Functions

T—even T-odd
X—even X—odd X—even X—odd
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all PDFs depend on x and initial quark transverse momentum pr
3 PDFs survive integration over pr:

fir@ - @ additional
index g for
flavour

1 unpolarised DF  f{(x,57) — q(x) or f}(x)
2 helicity DF g?L(x,ﬁ%) — Ag(x) or g{(x)

22
3 fransversity DF  hi,(x, B}) + 557 (x, B7) — 6q(x) or h{(x)
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Sivers Function f;.

@ describes correlation between intrinsic
transverse quark momentum pr and
transverse nucleon spin

& chiral-even function

& T-odd = forbids its existence?
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Sivers Function f;.

& chiral-even function

@ describes correlation between intrinsic
transverse quark momentum pr and
transverse nucleon spin
! %{i ' f

@ T-odd functions allowed due to
final state interactions (FSI):
quark rescattering via a soft gluon

time-reversal invariance condition change

=¥ ndive T-odd p
: : : L DY.%
@ non-zero Sivers function requires non-vanishing quark oL

N
orbital angular momentum (contributing to nucleon spin) /&f
s
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Semi-inclusive DIS

e

(E, k) inclusive: lepton detection

semi-inclusive: in addition
detection of produced hadrons

lab Epad
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evaluation of the cross section in O(1/0Q) contains
quark distribution and fragmentation functions
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Fragmentation Functions

T—even T-odd
X—even X—odd X—even X—odd
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additional
index g — h

all FF depend on z and final quark transverse momentum k;

without measurement of polarisation of produced hadrons:

0
R
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@ unpolarised fragmentation function D, (z)

@ Collins fragmentation function H: (z, k?)
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SIDIS Cross Sections

unpolarised cross section:

do

dx dz dy deg d2P,,

cross section for transverse polarised target:
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SIDIS Cross Sections

unpolarised cross section:

do

dx dz dy deg d2P,,

cross section for transverse polarised target:

dbo — 464
dx dz dy dng dZPhJ_

S|

sin(@—gs) Y e T [ fln pE) - DI KD
q

sin(@ + ¢s) Y el T|. hlCe BR) - H (2 kD))
q

e - D)
q

I [...]: convolution integral over
quark transverse N

momenta pr and kr

A

7
s
T’QJ

<0

S

/

i{/

Ulrike Elschenbroich, Measurement of the Sivers Effect at Hermes - p.8



Sivers Effect

@ ¢ - ¢s: angle between production plane and transverse spin component
@ sin(¢p — ¢s): left-right asymmetry in number of produced hadrons

@ existence of f;-. proposed by Sivers in 1990 to explain single-spin
asymmetries observed in proton-proton scattering
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Sivers Effect

@ attractive FSI deflects quark towards centre of momentum
= left-right distribution asymmetry is converted
in left-right momentum asymmetry

lensing effect
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Sivers Effect

@ attractive FSI deflects quark towards centre of momentum
= left-right distribution asymmetry is converted
in left-right momentum asymmetry
@ impact parameter formalism [M. Burkardt, hep-ph/0309269]

@ orbital angular momentum of quarks
=» virtual photon sees different x for different b

lensing effect v (
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Sivers Effect

@ attractive FSI deflects quark towards centre of momentum
= left-right distribution asymmetry is converted
in left-right momentum asymmetry

@ impact parameter formalism [M. Burkardt, hep-ph/0309269]

@ orbital angular momentum of quarks
=» virtual photon sees different x for different b

@ quark distributions depend on impact parameter b
u(x, b)

lensing effect v (
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The HERMES Experiment at HERA
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV
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The HERMES Experiment at HERA

BRP Target Chamber
ABS
-5:-":-? f
J‘ o -
[ | TGA by
proton beam line ¢ : : : electron beam line
pdy
F{/?
/
transversely polarised atomic Hydrogen (P) ~ 80 % y 4
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The HERMES Experiment at HERA

HERA positron beam 27.5 GeV

= P | since 2002 5
[ proton beam line [ electron beam line |
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transversely polar'lsed atomic Hydrogen (P) ~ 80 %
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The HERMES Experiment at HERA

N =]
K :.,i
[

Ulrike Elschenbroich, Measurement of the Sivers Effect at Hermes - p.11



The HERMES Experiment at HERA

HERA posVrr'on beam 27.5 GeV HERMES spectrometer

= . e c-n.m

Target Chamber :
oy g
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, < g -Q since 2002 W
’rr'ansver'sely polar'lsed atomic Hydrogen (P) ~ 80 % y 4
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on the azimuthal
angles ¢ and ¢s

1 NT(¢, ¢s) — N (g, ps)
SJ_ NT(¢’¢S) +Nl(¢’¢5)

Aur(¢, ¢s) =
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Azimuthal Asymmetries

Measurement of cross section asymmetries depending on the azimuthal
angles ¢ and ¢s

1 NT(¢, ¢s) — N (g, ps)
SJ_ NT(¢’¢S) +Nl(¢’¢5)
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How to Disentangle . . .

... distribution and fragmentation functions?

Assume a Gaussian distribution for 77 and k; dependence:

Aur($. ¢s) ~ ...sing —s) ) e+ fi ) - DI(2)
q

+ ...sin(¢ + dg) Z e2 - hi(x)- 1)
q

(1/2): B2, k? moment of
distribution / fragmentation function
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How to Disentangle . . .

... distribution and fragmentation functions?

Assume a Gaussian distribution for 77 and k; dependence:

Aur($,8s) ~ -..sin(@ = ¢5) D er- £ 100 - DI(2)
q

+.sin(g + gg) D el hl) - HY ()
q

- -

asymmetry amplitudes A777%) and A7)

bin Aur(¢, ¢s) in 12x12 bins,%ééé
perform two dimensional fit
/
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Results for the Sivers Amplitudes
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Monte Carlo Generator . ..

... for Transverse Asymmetries

& use Gaussian distributions for transverse momenta

@ generate events according to polarised cross section

@ ansatz for Sivers function used: f.7 ~ f

=» Sivers amplitude analytically calculable for kinematics
of each event

implemented amplitudes can be compared to extracted
amplitudes
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Monte Carlo

Results
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Vector Meson Contribution

Contribution to pion sample exist from
exclusively produced vector mesons (mainly p°).

c - + A I PYTHIAG
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@ Has contribution to be treated as background?

@ not present in string fragmentation models

@ contributing diagrams in Feynman-diagram based models

byl
What happens if contribution of one type of Q%ﬁ'
diagrams dominates? /’
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Vector Meson Contribution

Two sources for Sivers amplitude in decay pion sample:

1 transferred amplitude from vector meson:

AvMor =T - Avm

) : + -
Bogh : : A
g = X -
= 0.6 m - - A
04" O E « '
T 1T 4 1 - . -
0.2F o | - &
0: L ] :I T T I T ]
0 0.2 0.2 04 0.6 0.5 1
X P, [GeV]

transfer coefficents can be
determined with PYTHIA6
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Vector Meson Contribution

Two sources for Sivers amplitude in decay pion sample:

1 transferred amplitude from vector meson:

AVM—>7T =T- AVM
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Vector Meson Contribution

& vector meson fraction determined with PYTHIA6
below 10 % in almost all bins

& transfer coefficients T ~ 0.2 - 0.8

«

exclusive asymmetry amplitude in the order of 10 %

- maximum distribution: 10 % - 10 % - 0.8 ~ 0.008 3&&
cannot cause amplitude of ~ 0.05!
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Vector Meson Contribution

& vector meson fraction determined with PYTHIA6
below 10 % in almost all bins

& transfer coefficients T ~ 0.2 - 0.8

@ exclusive asymmetry amplitude in the order of 10 %

- maximum distribution: 10 % - 10 % - 0.8 ~ 0.008 3&&
cannot cause amplitude of ~ 0.05!

2 amplitude acquired in decay process

@ no information from experiments available

@ only one theoretical publication
from 1974 on the market &
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Extraction of the Sivers Functions

ZflJ%(I/Z)CI(x) ) DCII(Z)
q

& measure Ai}l}(¢‘¢5) in many (x,z) bins =¥» large statistics necessary

@ information about unpolarised fragmentation function:
D?”"(z) for some hadrons 1 sufficiently known
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Purity Formalism

> £ P(x) - D)

ysine-d) _ 8 flo Dl fir @)
uT 9(y) - DY Z q X
Zq:fl( ) Di(z) p f1 (%) - D (2) £ ()
PI(x,2)

@ purity P)(x,2) is unpolarised object

@ can be determined from high precision results of a large humber
of unpolarised DIS experiments

@ formalism already used for extraction of helicity DF
=¥ experience exists in Hermes collaboration
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Purity Formalism
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Purity Formalism

> £ P(x) - D)

ysine-d) _ 8 flo Dl fir @)
uT 9(y) - DY Z q X
Zq:fl( ) Di(z) 7 f1 (%) - D (2) £ ()
PI(x,2)

@ purity P)(x,2) is unpolarised object

@ can be determined from high precision results of a large humber
of unpolarised DIS experiments

@ formalism already used for extraction of helicity DF
=¥ experience exists in Hermes collaboration

-» Sivers function extraction possible Sl
. . . . i \>
test of universality violation: /&,

final state interactions cause opposite sign in Drell-Yan /
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Summary and

@ The Sivers function can be accessed in SIDIS combined with the
unpolarised fragmentation function.

@ Non-zero Sivers function requires quark orbital angular momentum.
@ First hint of naive T-odd function in DIS.
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Summary and
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The Sivers function can be accessed in SIDIS combined with the
unpolarised fragmentation function.

Non-zero Sivers function requires quark orbital angular momentum.
First hint of naive T-odd function in DIS.

Integrated DIS HERA Run Il (polarized)
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Steep rise of number of DIS
events in 2005, HERMES
continues data taking till
November.,

Ongoing work on extraction
of Sivers function.
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