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The nucleon in multiple dimensions

Wigner distributions W (2, k7, b )

/ d%b

transverse-momentum
dependent PDFs (TMDs)

semi-inclusive deep-inelastic scattering (DIS)

Ar
s

Pz@ > X

g VVvwW

/

whro / d?kr
’ —————————————— R

b, P,

0 Impact-parameter
0 distributions

iFourier transform

generalized parton
distributions (GPDs)

hard exclusive reactions

e - //‘
//,,,/"/ rﬁ.:(\
//Q '\\p "//




Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section

structure function F'xy < T'MD ® F'F

transverse momentum distributions (TMDs)
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Semi-inclusive DIS cross section

structure function F'xy < T'MD ® F'F

transverse momentum distributions (TMDs)
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Semi-inclusive DIS cross section
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Hadron multiplicities

dxdydzdcbth}% i \‘ / doy,
d4 Nh(CUB7Q27Z>PhJ_)

QjB Q 2 PhJ_ a2 NDIS(:EB Q?) dzdP;, |

tvur +efuu,L
FT + GFL

Zq 62 flq(ajBa k%a Q2) X WD%(Z,]?%, Q2)
Zq 63 flq(ajBa Q2)

X

kr : transverse momentum of struck quark

pr : transverse momentum of fragmenting quark
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Multiplicity
M
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Results projected in z

A. Airapetian et al., Phys. Rev. D 87 (2013) 074029
- — T 1 T T

i . T T T | multiplicities reflect
__ 1 g ]
. 1 * nucleon valence-quark
- . T - content (u-dominance)
- =+ E -
- ® + < 1 e favored < unfavored
[ . T _ _
- ® 5 L fragmentation
| I
SRR | = | | |
- Kt K ]
< T
- e proton
[ ® 1 = O deuteron
® T @
- . T ]
g T ¢ i
__________________________________E_______ _____________________ ? _____ L
i AN TN T SO N SN SN TR NN SN SO S M sl | | |
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8



Multiplicity
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A. Alrapetlan et al.

Comparison to models

, Phys. Rev. D 87 (2013) 074029
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Results projected inzand P |

A. Alrapetlan et al. Phys Rev D 87 (2013) 074029
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* Pr1 : - transverse intrinsic struck-quark momentum

- transverse momentum from fragmentation process
» K": broader distribution

multi-dimensional analysis; more projections via http://www-hermes.desy.de/multiplicities

13



Re-evaluation of the strange quark
distribution

K* multiplicities from unpolarized deuterium

ENK(z) Q) [y, DE(2)dz+ S(x) [y, DE(2)dz

d?NPIS(z) 5Q(7) + 25(x)
Q(z) = u(x) + u(x) + d(x) + d(z) D (2) = 4Dy (2) + Dy ()
S(x) = s(x) + 5(x) D& (2) = 2D (2)
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Re-evaluation of the strange quark
distribution

K* multiplicities from unpolarized deuterium
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Re-evaluation of the strange quark

distribution
Q(x) from CTEQ6L
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Re-evaluation of the strange quark
distribution

4 HERMES Preliminary with [D(z,Q%)dz=1.27 _
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Worm-gear function ng
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The nucleon in multiple dimensions

Wigner distributions W (2, k7, b )
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The nucleon in multiple dimensions

Wigner distributions W (2, k7, b )
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The nucleon in multiple dimensions

Wigner distributions W (2, k7, b )
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dependent PDFs (TMDs) | ¥ . 0 distributions
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generalized parton
distributions (GPDs)

hard exclusive reactions
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Deeply virtual Compton scattering

1,7 (q) ()
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Deeply virtual Compton scattering
e(k')
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w7

Deeply virtual Compton scattering
e(k')

Y (@) ~(q)

DVCS Bethe-Heitler
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Deeply virtual Compton scattering

e(k’)
e(k)
> 4*(; (")

DVCS Bethe-Heitler

do ‘TBH‘Z + ‘Tpvcsf2 + TBH TEVCS + TDvCs TEH

. |TBH| : calculable (form factors)

e |7BH| > |TDVCS| at HERMES

e interference term: - large at HERMES
- linear in GPDs

e access through azimuthal asymmetries
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double spin (LT) asymmetry
Phys. Lett. B 704 (2011) 15

longitudinal target-spin asymmetry
JHEP 06 (2010) 019
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double spin (LL) asymmetry
JHEP 06 (2010) 019
Nucl. Phys. B 842 (2011) 265
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DVCS event selection
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Beam-helicity asymmetry

*  unresched

i A unresolved raforanca i
. I % purce

A. Airapetian et al., JHEP 10 (2012) 042
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 additional 1.96 % scale uncertainty from beam polarization



Beam-helicity asymmetry for
associated DVCS
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Wigner distributions W (2, k7, b )
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Wigner distributions W (2, k7, b )

Summary
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Wigner distributions W (2, k7, b )
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Exclusive vector-meson fraction
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Multiplicities corrected in z: without and
with exclusive vector-meson correction
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Comparison S(x) PLB and new
preliminary results
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Comparison S(x) with NNPDF21
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0.0 A. Airapetian et al., JHEP 10 (2012) 042
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 additional 1.96 % scale uncertainty from beam polarization
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