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dkcnepumeHt FTEPMEC

x10? Integrated DIS HERA Run Il {polarized)

2002 — 2005 data taking years: [ e zozom
& 2003
5000 - 2004

. - & 2005
e transversely polarized atomic
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e
T

3000 —
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e integrated luminosity about 1w
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Motivation: Transversity Distribution Function

Leading Twist: three quark distribution functions.

Unpolarized DF Helicity DF Transversity DF

q(x)

>

>

>

=4 (x) +q(x) Ag(x) = G (x) = G(x) g(x)=q"(x) — q'(x)
well known known unknown

for non-relativistic quarks: dg(x) = Ag(x).
no gluon transversity for spin-1/2 nucleon

dq(x) doesn't contribute to inclusive DIS, ep — eX, due to its
chiral-odd nature.
requires a combination with other chiral-odd object, e.g. Collins FF
_—

study of transverse target-spin asymmetries (TTSA) in SIDIS,
ep — ehX.
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TTSA in SIDIS

» Collins FF Hy- describes an influence of the quark transverse
polarization on the hadron transverse momentum Py, .

» Sivers DF f;%- describes a correlation of struck quark pr with target

polarization.

T !
. N (6,65) — N (6,85)
Alr(6:65) = 15; [N (6,65) + N\ (6,05)

Al o< sin(p+¢s) Y, €2
Alyr o sin(¢—ps) g €2 I[f1(x, PZ) - D(z, k2] — “Sivers”

Z[...] - convolution integral over initial (P%) and final (k%) quark
transverse momenta.

I[hY 1 (x, PE) - Hy 9z, k%) — “Collins"
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SIDIS Kinematics

e(k) + P(P)— €'(k") + h(Pp) + X(Px)

2 . .
sz_qzz_(k_k,)27 XB:2.‘(g-q’ y:%) W2:(P+q)27 Z:%

x|

W2 >10 GeV?, 0.1<y <085 @>>1GeV? 02<z<07

< Q?>=24GeV?, < x>=0.09, <y >=0.54 < z>=0.36,
PhJ_ =041 GeV2
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Extraction of TTSA Amplitudes

e Unbinned maximum likelihood (ML) fits are used to extract
simultaneously the Collins and Sivers amplitudes.

e Probability density function is defined as:
F(2 <sin(¢ + ¢s) >0+, 2 <sin(¢p — ¢s) >0, ...y P, ¢, ¢s) =
;<1+P. (2 < sin(¢ + ¢s) >0 -sin(¢ + ¢s) +

( )
2 <sin(¢ — ¢s) >ZT'Si”(¢—¢S)+
2 <sin(3¢ — ¢s) >?JT -sin(3¢ — ¢s) +
2 < sin(2¢ — ¢s) >0+ -sin(2¢ — ¢s) +
(

2 <sin(¢s) >0 - S|n(q55)>>

e The logarithm of the likelihood function £ = [T, F;"
is maximized wrt the TTSA amplitudes.
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Collins amplitudes for charged pions

";/'E; o1 [u 2t [HERMES PRELIMINARY 2002-2005 e all data (02 - 05) are used
%MB? 7:5;&:2:;:1::2'::;::‘{,Colllnsnmpllmdes (PRL, 94 (2005) 012002)
ol £ I b .. .
= .t + i te, e positive amplitudes for 7+
" 4t R +
ot .
p Y s s S —— e negative amplitudes for 7~
Selti by LEHE
5 ool Eod b I
AT ] ! o large negative amplitudes
oot ‘T : 3 for 7~ were unexpected
b 3 g
—— ]
o2 o.‘| o‘,z oiaxujz 013 0‘.4 n‘.s ojs 02 04 u‘sLn[‘aei,]‘ ° Hll,unf(z) ~ _Hll7faV(z)
fav __ u—mt d—r— _ u—m- _ d—nt
unf ua7r d—rt _ gi—rt _ pyd—m—
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Collins amplitudes for charged pions

Efremov, Goeke, Schweitzer (Phys.Rev.D73,094025,2006)
Preliminary HERMES data 2002 - 2004.

Ai}'-i-(¢+¢s)(x) for proton (a) Ag';f¢+¢s)(x) for proton (b)
L B AL R L
0.15 ? HERMES preliminary + E 0.05 ; HERMES preliminary + é
0.1 | E F E
r ] 0r
0.05 | . F
r b -0.05
0F 1 F
F 1 0.1
-0.05 1
| | | i 0.15 = | | | =
0 0.1 0.2 0.3 X 0 0.1 0.2 0.3
1(1/2)fav 0
(2Bciauss H )= (35+0.8)%
1(1/2)unf
(2Bgauss H 2™ = —(3.8 £ 0.7)%
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Collins amplitudes for charged kaons

02 e K* FHERMES PRELIMINARY 2002-2005
=R lepton beam asymmetry, Collins amplitudes
£'8.1% scale uncentainty

o1 |F F E
005 . o F L E + L
|

0 Poo .
opatt foffopfeny e KT amplitudes are
005 [ T - £ * . . +
N T consistent with 7

+ e K~ may have the opposite

| . _
i bt |1 sign from 7
S N Y 3 S S
0.05 |- A E E 4
-0.1 }> E =
-0.15 T T

T e e yen——
01 02 0302 03 04 05 0.6 02 04 06 08 1
X z

P, [GeV]
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Sivers amplitudes for charged pions

'ﬁ =t HERMES PRELIMINARY 2002-2005
£ op [lepton beam asymmetry, Sivers amplitudes
£ 8.1% scale uncertainty
5 008 [ l E + E +
= oos [ I £ E ' . e e +
St oot Tt e significantly positive for 7
0.02 ,+ ,* I +
I S s e a signiture of non-zero quark
S w g ’ orbital angular momentum
3 0.04 E E
IR A e 7~ amplitudes consistent with
3 i zero
-0.04 |- = E
006 b e -
0.1 0.2 0302 03 04 05 06 0.2 04 06 08 1
X z P, [GeV]
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Sivers Valence Quark Distributions

T—oT )= (o] —af‘)

+ 7T
AT - _ 1 91 _
uT (¢7¢5) |ST \( %r Tr Y+ (o7 o7 _UIr )
, +_ At —
2 < sin( — ¢s) >y =~ ="
1 1

HERMES PRELIMINARY 2002-2005

lepton beam amplitudes, 8.1% scale uncertainty

S A

;02 + ' +++
g oo 4y L

£

7T Y - - LI
N

0.1 02 03 0.3 0.4 0.5 0.6 02040608 1

X z P, [GeV]
> f-L dv f;lJ:lluv
J_uv
> i <0
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Sivers amplitudes for charged kaons

;;\.?; = K* HERMES PRELIMINARY 2002-2005
< 025 0y o+ [lepton beam asymmetry, Sivers amplitudes
< N3 | 8:1% scale uncertainty . . .
s E e significantly positive for K+
R R
ALY TR YT . o
"1 o i e K~ amplitudes consistent with
5 ® =t et zero
Se b b 0L e KT amplitudeis 2.3 4 0.3 times
o o 1N
T T larger than for 7"
018 D.‘I O‘.Z 0130.‘2 013 0‘.‘1 0‘.5 0.6 012 0‘-‘ n-‘ﬁ 0‘-3 l‘ ‘
X z P, [GeV]
e KT =su, m =du same antiquark

e Kt =us, 7t =ud different antiquarks
e May suggest significant antiquark Sivers functions and strongly
flavor-dependent.
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Amplitudes for neutral pions

e
8
8

E =
5 .
% o 7° HERMES PRELIMINARY 2002-2005 ’% o12fe 7 EHERMES PRELIMINARY 2002-2005
< ool [ lepton beam asymmetry, Collins amplitudes < lepton beam asymmetry, Sivers amplitudes
e 8.1% scale uncertainty £ o1[ [8.1% scale uncertainty
I3 + £
‘D F |- | 0
@ 002 ‘ ‘ ~ s C F
o ‘ | Lol | ! | 1
o I | [ 3 0.06 |- r r
| ] tENT \ Lol
-0.02 |- ‘ r ‘ ‘ ‘ I 0.04 [ E T E . ‘
3 " ‘ ‘ ‘ I ‘ . ‘ ‘ ® *
Ele e L
008 [ L L [ 002 ‘ ‘- l ‘ s ‘
0.06 ¢ } ! ‘
— — 0.02 |- e — —r e e
008 T T e s e e s s T T o e s e —;
01 02 0302 03 04 05 06 02 04 06 08 1 01 02 0302 03 04 05 06 02 0.4 06 08 1
X z P, [GeV] X z P, [GeV]

Using charge conjugation and isospin symmetry of the Collins FF 7+, 7,

and 70 amplitudes can be related:

<sin(¢ £ ¢s) > +C- <sin(¢ £ ds) >r +
. 0
(1-0C) <sin(¢ % ¢s) > =
Here, C = O'EL/O'T&_U

Hermes results for the extracted TTSA amplitudes fulfill the isospin

symmetry relation.
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2-Dimensional Binning

2(sin(o-0g)gr 2 (sin(¢-dg)it

2 (sin(g-9g)dT 2 (sin(¢-0g))ir

o
Y
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[«
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e

I
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0.023<x<0.05 0.05<x<0.09 0.09<x<0.15 0.15<x<022
(@*)=13GeV* (Q*)=1.9GeV’ (Q°)=28GeV? (Q°)=4.2GeV’

0.22

(Q%)=6.2GeV?

<x<0.40

HERMES PRELIMINARY 2002-2005

= + | -

[m T L Lepton Beam Asymmetries — 8.1 % scale uncerlaim¥
LAT L L L

i TS S S R R
-..‘._*.+...-f ........ Le ™ ____ I Lol .
N - I B I B L
TQ.AA#...-A.é.A.a.¢.-A.A.A.A.A.-A..--§---j--4{.¢,#.%.

0.20 <z < 0.30 0.30 <z <0.40 0.40 <2< 0.50 0.50 <z <0.60

T
02 04 06 02 04 06 02 04 06 02 04 06 02 04 0.6

e by
—AT r g Coa n

j'_g_f__t_:‘.T.'f..’__ﬂﬁ‘_?_f__“__;..f.ﬁ.if.f....
-0 S _AAA....I#. :é&&.{\._,#. ‘#4:23 é..‘#. ~¢A....‘£.

e high statistics of
pion data allows
2-dimensional binning

e amplitudes still non-
zero at higher Q2

e additional combi-
nation of variables
available, e.g. for
fitting models
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3aknrydyeHns

e ®parmeHTaymoHHas dyHkumst KoanmnHsa CyLecTBEHHO OTAIMYHA OT HYJs.
AMnanTtyga acummeTpun Konnunsa gns m~ MMeeT NpOTUBOMNOIOXHbIT

3HaK MO OTHOWEHNIO K aMNanTyae Ans ’7T+.

ObbsacHeHue: Hf’””f(z) ~ —Hf"fav(z)

e T[EPMEC enepsble nokasan 4to dyHkums pacnpegenenus Cusepca
OT/INYHA OT HyAs.

e Amnnutyaa Cusepca ans Kt 6onbwe amnautyabl gns m' dhakTopom
2.3+0.3.
CyLLecTBEHHYIO POsib UTPatOT MOPCKME KBapKu?

e Amnauntyabl Konnnnsa n Cusepca nsmepeHbl B MIOCKOCTU ABYX
nepemenHbix: ( x —z ), (x —Pp1 ), (z— Py ).
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