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HERMES main research topics:

v’ origin of nucleon spin
e longitudinal spin/momentum structure

) transverse spin/momentum structure

v hadronization/fragmentation

v nucleon properties (mass, charge, momentum, magnetic moment,
spin...) should be explained by its constituents

e~ momentum: quarks carry ~ 50 % of the proton momentum

e~ spin: total quark spin contribution only ~30%

= study of TMD DFs and GPDs
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spin and
hadronization

HERMES main research topics:
v’ origin of nucleon spin

e longitudinal spin/momentum structure
) transverse spin/momentum structure
v' hadronization/fragmentation
v nucleon properties (mass, charge, momentum, magnetic moment,
spin...) should be explained by its constituents

e~ momentum: quarks carry ~ 50 % of the proton momentum

e~ spin: total quark spin contribution only ~30%
= study of TMD DFs and GPDs

v isolated quarks have never been observed in nature

v fragmentation functions were introduced to describe thgk/°

hadronization - @ >
me- non-pQCD objects
me~ universal but not well known functions
= advantage of lepton-nucleon scattering data — flavour ,,,,,
separation of fragmentation functions (FFs)

FPion
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advantages of the experiment

The HERMES experiment, located at HERA, with its pure gas targets and advanced
particle identification (7, K, p) is well suited for TMD and GPD measurements and for
studies of hadronisation process.

self-polarized e*/e- beam hadron 1dentification with RICH detector
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e longitudinal target polarization (H, D, ’He)
e~ transverse target polarization (H)
e~ unpolarized targets: H, D, 4He, 14N, 20Ne, 34Kr, 131Xe
e unpolarized H, D targets with recoil detector
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e semi-inclusive DIS cross section and TMDs

/ \

"beam target
Ne PN

dSo
dx dy dz dPﬁ 1 do dos

X {FUU + 1/2€(1 + e)FC°S¢Cos¢ + € F{ﬁ?ng COS 2¢}

{\/26 1 —e¢) Sln¢81nqb} +S||{ }+SL{...}
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semi-inclusive DIS cross section and TMDs

dSo
dx dy dz dPﬁ 1 do dos

X {FUU +1/2e(1+ €)F53% cos ¢ + € FL3 2% cos 2gb}

A V2= sing )+ S { o f+ 5L+

leading twist TMD DF:
parameterise the quark-flavour
structure of the nucleon

LS —

B (xk7)
iy (xk7)
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semi-inclusive DIS cross section and TMDs

dSo
dx dy dz dPﬁ 1 do dos

X {FUU +1/2e(1+ €)F53% cos ¢ + € FL3 2% cos 2gb}

Sm¢ in
{\/26 S gb}-|-5|| _I_SJ_i/,[}FF

leading twist TMD DF: leadmg twist T

parameterise the quark-flavour number .densmes for the
structure of the nucleon conversion of a quark of a

certain type to a specific
hadron
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semi-inclusive DIS cross section and TMDs
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leading twist TMD DF: leadlng twist T

parameterise the quark-flavour number .densmes for the
structure of the nucleon conversion of a quark of a

certain type to a specific
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HERMES: access to all TMDs thanks to the polarised beam and target
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semi-inclusive DIS Cross section and TMDs
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parameterise the quark-flavour number .densmes for the
structure of the nucleon conversion of a quark of a
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HERMES: access to all TMDs thanks to the polarised beam and target
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unpolarised quarks
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unpolarised quarks
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unpolarised quarks cvw o f1 & D

LO interpretation of multiplicity results (integrated over Ph.): f ‘ >
1 —

2 2\ Nh 2
quqfdxflq(xaQ )qu(zaQ ) Joh (.Q2. 2, Py )
5 y 5 MP = ZZSIDIS\ 72’ hl
> g 62 | dz fig(z, Q?) doprs(, Q?)
v charge-separated multiplicities of pions and

kaons sensitive to the individual quark and
antiquark flavours in the fragmentation process

M" x
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unpolarised quarks cow o fi ® Di

LO interpretation of multiplicity results (integrated over Pn1): f ‘ A
1 —

> qegfda; flq(x,Q2)D?q(z,Q2) ——_—_—
h_ AO0giprs\¥, &, <,

- HERMES Collaboration-
Phys. Rev. D87 (2013) 074029

M" x

v charge-separated multiplicities of pions and
kaons sensitive to the individual quark and

>N - T T T T T T T T T T T T T l ]
antiquark flavours in the fragmentation process S T ! T
35 2[ T, )
s | '
= | T i
nt and K™ ' ° 1 ¢
_ . I
me- favoured fragmentation on proton 03 ° 1 N
- | —— | =
. -
e~ increased number of d-quarks in D target o3f K'1 K
and favoured fragmentation on neutron i : e proton
0.2:— s “ O deuteron
. [ ® 1
K= 0.11 > T C ]
e~ cannot be produced through favoured : s | . ]
. 0 L e A o___ o _____]
fragmentation from the nucleon valence quarks  em——— | — '
C L L L I L
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unpolarised quarks
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Z Z
¥ calculations using DSS, HNKS and Kretzer FF fits together with CTEQ6L PDFs

proton:
me~ fair agreement for positive hadrons
me disagreement for negative hadrons
deuteron:
me results are in general in better agreement with the various predictions
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unpolarised quarks
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New global fit DSS+

new data sets since DSS
= Belle, BaBar, Compass, Hermes, Star, Alice
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- Rodolfo Sassot -
Workshop on FFs, Bloomington, December 2013
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evaluation of strange quark distribution

v in the absence of experimental constraints, many global QCD fits of PDFs assume
s(z) = 8(z) = rla(z) + d(z)]/2

v isoscalar extraction of S(z)DS based on the multiplicity data of K* and K- on D

d2NK (z
5[ P

:U)/Dé{(z)dz ~ Q(x) [5 PNDIS
() = s(z)+35(x)

- HERMES Collaboration- Q(az) = ulz) ++a(x) J_rd(zi) + d(z) - -
Phys.Rev. D89 (2014) 09710 Ds = D% + DR 4+ DN 4 DR
’>? — . Dg Dib—)K—i_ _|_D’§L—>K+ —|—Dii_>K+ _‘_Df—>K+ 4.
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evaluation of strange quark distribution

v in the absence of experimental constraints, many global QCD fits of PDFs assume
s(z) = 8(z) = rla(z) + d(z)]/2

1soscalar extraction o T ased on the multiplicity data o an " on
v isoscal ion of S(x)DY based on the multiplicity data of K* and K- on D

” d2NE(
7) / DE (2)dz ~ Q(z) [5 d2NDIS / DX (2 ]
() = s(z)+5()
- HERMES Collaboration- Q(az) = (@) +u(z) +d(z) +d(z)
Phys.Rev. D89 (2014) 09710 DY = DiKT L DI ET 4 pso KTy pEo KT
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02 b e ~._  — NNPDF23 - Y the normalization of the data is given
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0 02' — . 0:6 predictions
X
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beyond the collinear factorisation

- HERMES Collaboration-
Phys.Rev. D87 (2013) 074029
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v' multi-dimensional analysis allows exploration of new kinematic dependences
v broader Py, distribution for K
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flavour-dependent and independent anzatses

M. Anselmino, M. Boglione, J.O. Gonzalez H.,
S. Melis, A. Prokudin JHEP (2014)

Pr=zk, +p,

= flavour-independent analysis

e_ki/“ﬁ_)
m (k1)

e~ PL/ (P 1)

fq/p(xa kJ_) — fq/p(zc)

Dh/q(zapJ_) — Dh/q(z) 7T<p3_>

Ami Rostomyan

hadron

proton

A. Signori, A. Bacchetta, M. Radici and G. Schnell( JHEP, 2013)

<Pf%T,a> — Z2 <ka_,a> + <PJ2_,a—»h>

= different widths for the Gaussian forms of the
valence and sea TMD PDFs

= four different Gaussian shapes for TMD FFs

a 2
i k2:Q?) = QD vty

W(ki,a>
Da—»h(z. QZ) 5 5
Da—»h(Z’PQ’QQ) — 1 ’ 6_PJ_/<PJ_,a—»h>
! - 7T<PJ2_,a—»h>
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flavour-dependent and independent fits

A. Signori, A. Bacchetta, M. Radici and G. Schnell( JHEP, 2013)

M. Anselmino, M. Boglione, J.O. Gonzalez H.,
S. Melis, A. Prokudin JHEP (2014)

no fit on K data:
= the precision and accuracy of the kaon

fit of eight different target—hadron combinations

, proton target

m(x,z, Pz, Q°)

data do not help in constraining the
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quarks’ transverse degrees of freedom

R.N. Cahn, Phys. Lett. B78, (1978) D. Boer and P.J. Mulders, Phys. Rev. D57, (1998)
Cahn effect Boer-Mulders effect
kinematic effect caused by quark correlation between quark transverse momentum
Intrinsic transverse momentum. and quark transverse spin.
(COSO,) (cosZci)h)

/ h }E.z
_____ no _ ® BOER-MULDERS
S5, EFFECT
h

F;((}82¢ — (| = 2(h ' kT)(L]l\;T) _kT 4—
h
B / CAHN EFFECT
oM 0k 7

hep .
F& =" (| — L xh H — x (D +......
uu Q Mh h’l 1 M 11
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quarks’ transverse degrees of freedom
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- HERMES Collaboration-

: . _ Phys.Rev. D87 (2013) 012010
v negative asymmetry for st+ and positive for 7

s~ from previous publications ( PRL 94 (2005) 012002, PLB 693 (2010) 11-16 ):

1 u—m™ o L,u—m—
H 1 T _]f 1

s data support Boer-Mulders DF hy of same sign for u and d quarks
vV K™ and K+: striking differences w.r.t. pions

s role of the sea in DF and FF
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2 (cosd)

0.1
-0.2}
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0.1f
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2 (cos)

0.1f
0.2
03F

0.2F
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10"
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y

v negative asymmetries for rt+ and 5
me larger effect at high z

me-larger magnitude for Tt

v negative asymmetries for K+
me- cven larger amplitudes in magnitude than those for 7t

0.3 0.4 0.5 0.
P, [GeV]

e suggest a large contribution from the Boer—Mulders effect

v’ compatible with zero asymmetries for K-
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