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The spin structure of the nucleon:
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The HERMES legacy:

Longitudinal spin phenomena (1995-2000):
angular momentum sum rule:

sh 1 1
%:§:§+ Lq+ G+Lg

Transverse spin phenomena (2002—-2005):
investigation of yuy, uL, uT, LU
transversity measurements
spin-orbit correlations via TMD measurements
& Sivers function f [/

& Boer-Mulders function h;

0 . ? .q
a pretzelosity h,{ |
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The HERMES polarised scattering experiment:
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The HERMES polarised scattering experiment:

(un)polarised gas target internal to the HERA storage ring

background-free measurements from highly polarised nucleons
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very clean lepton-hadron separation and hadron identi cat ion

well-suited for measurements of azimuthal asymmetries
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The hunt for the chiral-odd transversity distribution:

complete description of quark momentum and spin:

1
(x) = > fI(X)P+ NO/(X) sP+ hi(X)P 555

extraction by Anselmino et al., Phys.Rev.D75:054032,2007 :
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The semi-inclusive production of

+

transverse SSA: Sy (Pq

azimuthal angles s and R,
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SSA in semi-inclusive production:

Fourier and Legendre er>‘<pansion:

"~ @2hiX)HL P (M)
Asin( R> + s)Sin Pq g''1l 1;9 /
oT (€ F1(X)D1g(zM )

focus on sp- and pp-interference (M < 1.5GeV):
aDigq' qu + Di?agos + DI 2(Bcos 1)
aHy,' Hyg® +Hyg’ cos
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2 — Pythia
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0z od o os  or I iz o
M, NBeVN
symmetrisation around = =2& Dy}, and H,;* drop out

|
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Results on SSA in semi-inclusive production:
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additional 8.1% scale uncertainty (target polarisation)
rst evidence for Hy.

transversity can be studied in dihadron production
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Results on SSA Iin semi-inclusive

+

production:
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Transversity measurement in single-hadron production:

observation of azimuthal asymmetry Ayr(; s):

S,

due to Collins mechanism ((Sq (pq Ph)))

Fourier decomposition of u? Including:

P 5
6€N1(6PT) w Hi (Z,KF)
(Gf1(6p7) Di(zKf)

sin ( s), Sin(3 s),sin( s), sin(2 s),sin(2 + ).

2sin( + )iy, =
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The Collins amplitudes for pions:
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Results of the Collins amplitude:

hf(x) H;%2)
from 2002—-2005 data:

positive amplitudes for

large negative  amplitudes
unexpected
Hf ;unfav (Z) Hf ;fav (Z)

ISospin symmetry of -mesons
ful lled
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The kinematic dependence of the Collins amplitudes:
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Evidence for naive-T-odd distribution functions:

naive time reversal odd (naive-T-odd) functions

Involve interference of amplitudes with different helicities
a suppressed in perturbative QCD
a assigned to distribution and fragmentation functions

associated with spin/orbit effects ( S (P1 P2))
observation of the naive-T-odd Sivers function f

observation of the naive-T-odd Boer-Mulders function h?
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The Sivers mechanism:

non-zero Sivers distribution  f - involves
non-zero Compton amplitude N"g ! N*q

orbital angular momentum of quarks:
(M. Burkardt, (Phys.Rev.D66:114005,2002 ))

SSA due to Sivers mechanism (Sq (P pq))
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The Sivers amplitudes for -mesons:

Results for Sivers amplitude:
fi(x) Di(2).

from 2002—-2005 data :

signi cantly positive for 7
& f." <0, LY>0

signi cantly positive for °

consistent with zero for
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2 &in(f - Qi

The Sivers amplitudes for charged K -mesons:

0.2f

0.1}

1
.
1

Results for Sivers amplitude:
D{(2).

T (x)

?
flT

from 2002—-2005 data :

signi cantly positive for K *

9 ?,u
a Ty

signi cantly positive for K

<0 LY>0

increase with z

Ph,» > 0:4GeV saturation for

K+
Pho !

0:0GeV linear decrease
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Pion-difference Sivers amplitudes:

suppress © contribution by extraction of pion-difference SSA:

+ i e o) Coe w)
A (; s) == -
o ISTICys u )t o us)

signi cantly positive

& f "<0,LY>0
Increase with z

saturation for P>, > 0:4GeV

2 &in(f -f A,

linear decrease for P, | 0:0GeV

possible interpretation in terms of valence-quark distributions:

? ,dy ? Uy
A ! — flT 4f1Tu
UT fdv 41: UV
1 1
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The role of higher twist terms:

Sivers amplitude:

2 hsin (

s)! uT / Fjlg;('l'

) + F Si'rlj;(L

s)

FoTe P =c
|:sin(

2

Q?

can be generated by

momentum

s

M

PT ffTDl

A1 -suppressed compared to Fyr.t

OT:L s) =0 (leading twist and subleading twist accuracy)

s-corrections at high transverse
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Examination of vector-meson contribution:
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Examination of other 1:Q2-suppressed contributions:
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hint of Q?-dependence for K * amplitudes
|
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Sivers amplitudes for K Tand ™

+

u-quark dominance: 2hsin(  s)iyr  2msin( s)ik;

differencein K* and ™ Sivers amplitudes:

En QL&) W Q2 GARA(x)

signi cant role of other quark avours?
higher twist effects in kaon-production?
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Signals for unmeasured Boer-Mulders function h'{ ;

Azimuthal modulations of uu.
leading-twist 2 hcos (2 )i,
sensitive to Boer-Mulders function (h; H{)
subleading-twist 2 hcos ( )1
sensitive to Cahn effect (f; Di)andhi HY

Fully differential analysis  (X;y;z;Pnh-; )
a correction for nite acceptance, QED radiation, detector s mearing

hydrogen (2000, 2006) and deuterium (2000, 2005) data
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Results for 2hcos (2 )1 ,;:

]

g)
U

2&os(2f h)

U

4]
U

2&os(2f h)

o
[N

signi cantly positive for h

slightly negative for h*

?Uu _ w?2.d ?u _
hi” =h;7orh; =

h

?:d
1

r Hydrogen : HERMES Preliminary 1
(@ h ! ]
0.1:—. h* ! _
o o L ) ° : Q () L
L ( B
0:+l = & # N LR A W | &5 = o
0.1F o :
A o I —
0-2 10" 0.4 0.6 0.8 04 06 08 0.2 0.4 0.6
y P,, [GeV]
0-2 Mbeuterium : HERMES Preliminary |
(® h . ]
o1f® M | -
i ° :
[ o o ﬁ ® o 1 O
Of B o a —é B I & & 1
0.1f CE ] !
() - [ —— ———A——- : ;I; ]
0.2 10" 0.4 0.6 0.8 04 06 08 0.2 0.4 0.6
y P,, [GeV]

workshop “Partonic transverse momentum distributions” at EINN 2009, September 28th 2009 — p.22/32



Clear signal for Boer-Mulders function?:
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Clear signal for Boer-Mulders function?:
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including Boer-Mulders and Cahn effect (twist-four contribution)
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Results for 2hcos ( )1,

o
(N}
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almost zero for h

signi cantly negative for h*
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Results for 2hcos ( )1,

2
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quark- avour dependent hp;i?
signi cant Boer-Mulders contribution?
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Towards the full cross-section measurement:

One-hadron production
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Longitudinal single-spin asymmetries:

mixing of azimuthal moments:

evidence for subleading twist SSA:
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Longitudinal beam-spin asymmetry:

AT &Qif(Y)
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good agreement with CLAS

sensitive to E (x) (but dif cult to separate)
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Thelsin(2 +

s)l ,, Fourier component:
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The Isin( s)I,, Fourier component:

: 2M My, H
Fi+ 5= — C frDy — hy—
uT 0 XItD3, M1
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>y Vh o2
MMy THL g
M D~
XrHL
using relations between T-even functions:
xht = xhit hy+ i h; m91T
2M 2 1T M
? ? p% ?
xht = xht + hy+ 2M2hiT

and the Wandzura-Wilczek approximation & FSm s/ S5m0 * )
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The Isin( s)I,, Fourier component:
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The hsin (2

s)l ,, Fourier component:

sin(2 ) _ 2M 2(ﬁpT)2 p‘zl' ? Mh » H

FUT h s = 6C oM 2 xf T D1 W th ?
2 Ak; Apr  Kkqpy wh H?+% G*
MM THL T T
M, 15i7

FSin( s)

UT expected to scale as Pp»
Fom® ) expected to scale as (Pp» )2

a suppressed w.r.t. Collins and Sivers amplitudes

workshop “Partonic transverse momentum distributions” at EINN 2009, September 28th 2009 — p.30/32



The hsin (2 s)l ,» Fourier component:
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The hsin (3 s)l ,, Fourier component:

FLSJi$(3 hos) —

2 h pr pr ki + p% f Kt 4(h pr)?(h Kt)

? ?
C 2M 2M h th H 1
leading-twist FS1¢  $) sensitive to pretzelosity h?;
Fom0 s) expected to scale as Pp-
FoN® s expected to scale as (Pp» )2
FonG  s) expected to scale as (Pp» )3

a suppressed w.r.t. Collins and Sivers amplitudes
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The hsin (3

s)l ,» Fourier component:

2 &in(3f-f i,
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In a nutshell:

investigation of yuy, uL, uT, L

signi cant 2hcos ()i, and 2hcos (2 )i, amplitudes for
hydrogen and deuterium target
a sensitivity to Boer-Mulders function

(most) precise data on a transversely polarised hydrogen target

signi cant Collins amplitudes for -mesons
a enables quantitative extraction of transversity distribution

signi cant Sivers amplitudes for *, 9 K*and K
a clear (and rst) evidence of a naive-T-odd parton distribut ion
a enables quantitative extraction of the Sivers function

rst evidence for a naive-T-odd dihadron fragmentation fun ction
a provides alternative probe for transversity distribution
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