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Single-Spin Asymmetries in DIS
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HERMES at DESY

Gunar Schnell, HERMES Collaboration SIR 2005 — JLab May 18th, 2005 —-p. 3/18



Lepton Deep-Inelastic Scattering

use well-known probe to study hadronic structure:

(', p) =3 o
Q> 2 4EE sin’ ()
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Lepton Deep-Inelastic Scattering

)
Q? % 4EE' sinQ(E)
lab F —FE

‘ Factorization = g?—~¢% =% ,DFP™1® g% @ FFa—h I

(quark distribution ® hard scattering ® hadron formation)
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Ee@gs Azimuthal Angles in SIDIS Cross Section

* SIDIS cross section depends on z, y (Q?), and =

* add azimuthal distribution of produced hadrons:

- additional degrees of freedom: ¢g and P, (o, 7, )
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% SIDIS Cross Section
QUTeS (up to subleading order in 1/Q)

1 1
do = da?JU + cos 2¢ dall]U + — cos ¢ dU(QJU + Ae 5N O dO%U
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—I—SL {SlHQQb dO';l]L -+ éSiHQb da?]L + )\e do—%L + @ COS¢dJZL]}

S {sin(cb T $s) dof 4+ sin(¢ — ds) dodp + sin(3¢ — ds) dotly
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Mulders and Tangermann, Nucl. Phys. B 461 (1996) 197

OXx
/ v\ Boer and Mulders, Phys. Rev. D 57 (1998) 5780
Beam Target

Polarization Bacchetta et al., Phys. Lett. B 595 (2004) 309

(sin(2q§ — ¢9) dallle + sin ¢g dallJQT)
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% SIDIS Cross Section
Qrmes (up to subleading order in 1/Q)

1
do = dopyy + cos2¢ doiry + 0 cos ¢ dopry + Ae

sin ¢ dos

Q

1 1
+S57 {sianb dot; + 0 sin g doj;; + Ae |dol + 0 Cos ¢ dUZL] }

+ST {Sin(¢ + ¢g) dojrp + sin(¢ — ¢s) dofrp + sin(3¢ — ¢g) dogrp

+$ (sin(2¢ — ¢s) dogrp + sin s doiiy)
+Ae [cos((b ®s) dO‘LT + ] }
Ofy\4 f ’ : - 4
Bearn Target Terms with 1/Q are 'subleading twist

Polarization (Factorization for SIDIS (including transverse momentum) not yet proven )
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M SIDIS Cross Section
QUTeS (up to subleading order in 1/Q)

1 1
do = da?]U + cos 2¢ dall]U + @ COS @ dO(QJU + /\eé sin @ dU%U

1 1
+57, {sianb dot; + 0 sing dojy, + Ae |dof + 0 COS(deZL] }

LS {sin(cb T $s) dofr + sin(¢ — ds) dodp + sin(3¢ — ds) dotly

_I_% (sin(2¢ — ¢s) dogip + sin s doiiy)
+Ae [COS(¢ ¢s) dopr + 22 (Cos bg dott + cos(2¢ — dg) dUFT)] }
: 5 | |
A PR -cvinrc A
Polarization S Ur -

sin(¢p + ¢g) dop ... Collins Effect
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( < sin ¢> | \ ( CcOS 97* — sin 97* — sin 97* \ (

UL

|
<Sin(gb—¢s)>UT = lSilr107* cos 0.« 0

\ <Sin(¢+¢s)>:ﬁ) \%Sin 0 0 COS 0 ) \

(cos Oy« ~ 1, sint. - upto 15% at HERMES energies)
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Mixing of Azimuthal Moments

Experiment:. Target Polariza-
tion w.r.t. Beam Direction!

— experimental asymmetries (which have
polarization along beam) related to “the-
ory” asymmetries (polarization along vir-
tual photon direction) via:

[Diehl and Sapeta, hep-ph/0503023|

<Sin qb)(ole \
(sin(6—os)),
(sin(otos)). )
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Extracting Collins and Sivers
Asymmetries

1 Ni(¢,¢0s5) — N7 (9,¢s)
(SL) N (¢, bs) + Nx (¢, ¢s)

Siﬂ(gb — ¢S) Z 62 I: f_j;q(aja Q%)Di](zv k%)}
q

sin(6 +05) Y ¢ |l (. pp) i (2, 49|
q

Z|...]: convolution integral over initial (pr)

and final (k1) quark transverse momenta

= 2D-fit of Ay to get Collins and Sivers asymmetries:

Aur(,9s) = 2{ sin(6—9s)),,. sin(6 — 6.) +2{ sin(¢+6s)), . sin(6+ 6,)
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° generate Collins and Sivers asymmetries (Gaussian Ansatz in p7)

® analyze MC data like experimental data and extract asymmetries:
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¢ Collins-Sivers cross contamination negligible

® Insensitive to transverse target tracking corrections
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Extraction Method
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Published Collins and Sivers
Asymmetries

Fit - A(6,05) = Ac gr2ps2ysy sin(0 + 63) + Assin(o — 05)

(Virtual Photon Asymmetries)
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A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002
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Published Collins and Sivers

Asymmetries

Collins Asymmetry. Aq < —7 [h1(w,pf2r)H1L(Z>Zth2r)}
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positive for 7™ and negative for 7~
as maybe expected (expectation
for transversity gives positive du
and negative dd)

unexpected large 7= asymmetry

averaged over acceptance:
AT = 0.042 4 0.014 and
AT = —0.076 £ 0.016

overall scale uncertainty of 8%

contribution to pion sample from
exclusively produced vector
mesons (VM) (from PYTHIA MC)
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Published Collins and Sivers
Asymmetries

Sivers Asymmetry: Ag oc —7 | fi (0 p) Dz 27 k7))

* significantly positive for =+

L o 5045 F -
* first hint of T-odd distribution “!'én ol T ] |
function from DIS S 005 | | ! | * | i
. . LS SR N LI S
* 7~ asymmetry consistent with zero 2 ©
005 Bl AT VAT ANA ANANATAN AATATAr AR
° averaged over acceptance: 01F T -
AT =0.034 4 0.008 and 05 + . b
AT =0.004 £0.010 0 [#4- b LA -
-0.05 - ~
* overall scale uncertainty of 8% — E—— —
: 5015 AT W E -
® systematic error due to VM con- g o1 2y 3 . *
tribution unknown because VM %0'05 T JUU T 3 RPN
asymmetry itself unknown o9 08 0504 0508
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Sivers Asymmetries 2002-2004
(Lepton-Beam Asymmetries)
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Collins Asymmetries 2002-2004
(Lepton-Beam Asymmetries)
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What About Longitudinally Polarized
Targets?

(sina)e, = (sino)y, + sty ({sn(6+09))yy + (sin0-05)),, )

Bacchetta et al., Phys. Lett. B 595 (2004) 309

= they are all subleading-twist expressions!

|
< sin qb)UL ... Airapetian et al., Phys. Rev. Lett. 84 (2000) 4047

|
< sin(qﬁigbs))UT ... Airapetian et al., Phys. Rev. Lett. 94 (2005) 012002
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What About Longitudinally Polarized
Targets?

(sina)e, = (sino)y, + sty ({sn(6+09))yy + (sin0-05)),, )

[ T[+ | = -ZSiney*(IBin((pﬂpS)[ET +
0.05 # ﬂ i $in(@9g)lhy )
gy ! R ﬁT * twist-3 dominates
0w a— g gg measured asymmetries on
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D-O'OS__....|....|....|..__|...|...|...|...|... targetsl
.g LTI A 2B|n(p[ﬁJL . Y i +
S L asingd. * significantly positive for =
3 ﬁ 3 » consistent with zero for =~
O I R —#' """" # """"" -
[ % * # [ * % [Airapetian et al., hep-ex/0505042]
005} N
0 o1 02 03 02 03 04 05 06 07
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» Non-vanishing Collins effect observed for =+
* First evidence of T-odd Sivers distribution in DIS?

* Previous results confirmed with much better
statistical precission

+ (sino), dominated by subleading twist
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Summary and Outlook

» Non-vanishing Collins effect observed for =+
* First evidence of T-odd Sivers distribution in DIS?

* Previous results confirmed with much better
statistical precission

Integrated DIS HERA Run Il (polarized)

| x 10 %
@ <Sin ¢>UL dOmlnated by SUbI 3000 e 2002/03 /

» More data taking in 2005
= almost double statistics?

i / /
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. <sin gb>(|]L dominated by sL

* More data taking in 2005
= almost double statistics

e polarized beam
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Summary and Outlook
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» Non-vanishing Collins effect observed for =+

* First evidence of T-odd Sjyore diotaibetion in IMED

* Previous results confirme«
statistical precission

March 2003

= | POL 5min. Average
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Summary and Outlook

Non-vanishing Collins effect observed for =+
e First evidence of T-odd Sivers distribution in DIS?

* Previous results confirmed with much better
statistical precission

I
» (sing),, dominated by subleading twist

* More data taking in 2005
= almost double statistics?

* polarized beam = A, In 7 production
(measurement of twist-3 fragmentation function
and transversity)
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Non-vanishing Collins effect observed for =+
e First evidence of T-odd Sivers distribution in DIS?

* Previous results confirmed with much better
statistical precission

|
. <sin ¢>UL dominated by subleading twist

* More data taking in 2005
= almost double statistics?

* polarized beam = A, In 7 production
(measurement of twist-3 fragmentation function
and transversity)

» 2-hadron fragmentation (talk by T. Kobayashi)
beam-spin asymmetries (talk by E. Avetisyan)
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Summary and Outlook

—p. 14/18



Backup Slides
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Sivers Asymmetries 2002-2004
Comparison with Publication
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Collins Asymmetries 2002-2004
Comparison with Publication
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Kinematic Cuts

1 GeV? < Q?
0.l< gy <0.85
0023 < = <04
10 Gev? < W?
02< 2z <0.7
2GeV < P, <15 GeVv
0.02 rad < 6+,
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