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The spin structure of the nucleon:

Angular momentum sum rule:

N1 1 Spin of the
?:§:§AE+LQ+AG+LQ nucleon

HERMES contributions to the spin puzzle:

_4
Measurement of transverse spin phenomena:
0 L,
[] transversity measurements
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The HERMES experiment:
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® polarised gas target internal to the HERA storage ring

® background-free measurements from highly polarised nucleons
® 2002-2005: transversely polarised hydrogen  target

® very clean lepton-hadron separation and hadron identification
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Transverse single-spin asymmetries:

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

® involve interference of amplitudes with different helicities
[J suppressed in perturbative QCD
[1 assigned to distribution and fragmentation functions

® associated with spin/orbit effects ( S - (P x P»))

® observed in semi-inclusive DIS on a transversely polarised target:
° single-hadron production (ep™ — e’hX):
o dihadron production (ep™ — e’'h;hyX):
® Sq (pPq X R)
® transfer of transverse quark spin to relative orbital angular
momentum of hadron pair (2R = Py, — Pr,)

* sensitive to hi(z) Hy (2,Myr,cos )
® dihadron fragmentation function Hf’q(z,Mm, cos 0)
(leading twist, chiral-odd, naive T-odd)
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The semi-inclusive production of 77~ pairs:

P, = P,++ P,.-
P..—P,__

R = ;

Rr = R—(R-P,)P

azimuthal angles ¢g and ¢gr..:

_ (axk)-Sr ((axFk)-(qgxSr)

?5 = Jgxk) Sq (|<qu>\|q><sT|)

bp. = (g x k) Rr arCCOS((qu)~(q><RT))
~  |(gxk)-Rr| (g x k)||g x Rr|
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SSA in semi-inclusive 77~ production:

® Fourier and Legendre expansion:

2 <,s
Asin(¢Rl—|—¢s) sin 6 N Zq €q hcll(aj) Hl,q p(’z?Mﬂ'ﬂ')
ot Zq 65 fi(z) D1,q(2,Mprx)

® focus on sp- and pp-interference (M., < 1.5 GeV):

0Dy g~ Dy,q+ Di" cos@ + Di¥ £ (3 cos* 0 — 1)

<~ gL <,pp
UHT,~H; "+ H " cost

E * HERMES
2 — Pythia
©
&
0z 04 0e o8 I 1z 14
M,..[GeV]
° symmetrisation around ¢ = /2 O Di" and H; *” drop out
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Functional form of the X2 fit:

* extraction of ¢ = AP RET93)5 8 in 4 linear fit

asin @’

Av i (pr1 + ¢5,0") =sin(pr1 + ¢3)

1
1+ bZ(B cos>§ —1)

® while varying b within positivity limits

_SDZfZ(z,MWW) e 3DV, (2,Mrr)
2D1,4(2,Mrr) = T D1,(2,Mzr)

® limits estimated with PYTHIAG6 (tuned for HERMES kinematics)

® systematic uncertainty due to “b-scan”:
© central value in the ranges of a [1 SSA amplitude
© standard deviation [ systematic uncertainty
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Published Results (JHEP 0806:017,2008):
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® additional 8.1% scale uncertainty (target polarisation)
* first evidence for Hy,

® transversity can be studied in dihadron production
|
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SSA in single-hadron production:

* single-hadron production (ep™ — e’hX):

® azimuthal asymmetry inthe momentum distribution of the
produced hadrons (transverse to the nucleon spin)

© Collins mechanism (S, - (pq X Pr))
[1 sensitive to transversity

° Sivers mechanism (Sy - (P x pg))

[l sensitive to L,
|
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The Collins amplitudes for pions:
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Results of the Collins amplitude:
hi (x) ® Hi? (2)
from 2002—-2005 data:
® positive amplitudes for =™

® large negative w—amplitudes
IS unexpected

P HlJ_,UﬂfaV (Z) ~ _HlJ_,fav (Z)

® |sospin symmetry of
m-mesons is fulfilled

® information from another pro-
cess on the Collins fragmen-
tation function (BELLE) per-
mits extraction of transver-
sity (e.g. Anselmino et al,
Phys.Rev.D75:054032,2007 )
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The Sivers mechanism:

® non-zero Sivers distribution  f;. involves non-zero Compton
amplitude NTq! — N¥¢!

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

® final state interactions (naive-T-odd):
left-right asymmetry of quark distribution
U left-right asymmetry of momentum distribution of produced hadron
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The Sivers amplitudes for pions:
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Results of the Sivers amplitude:

firl (z) ® D{ (2).

from 2002—-2005 data :

significantly positive for 7
implies non-zero L4

7—amplitude consistent with
Zero

ISospin symmetry of
m-mesons is fulfilled

extraction of the Sivers
function is possible as spin-
Independent fragmentation

function D (z) is known
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In a nutshell:

® (most) precise data on a transversely polarised hydrogen target

® significant Collins amplitudes for 7-mesons

[1 enables guantitative extraction of transversity distribution
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* significant Sivers amplitudes for 7Tand K

[I clear (and first) evidence of a naive-T-odd parton distribution
[1 enables quantitative extraction of the Sivers function

* first evidence for a naive-T-odd dihadron fragmentation function
[ provides alternative probe for transversity distribution
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