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The dynamical nature of nuclear matter

Nuclear Matter Interactions and structures, quark

and gluons, are inextricably mixed up

Ultimate goal Understand how matter at its most

fundamental level is made
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Observed properties such as mass and spin
emerge out of the complex system

1 I 1 I 1
0.4 Rapid acquisition of mass is
) __ 2ffect of gluon cloud
-~ _,/DOI 10.1103/PhysRevC.68.015203
M, = 1000 MeV
0.3 — m = 0 (Chiral limit)
%‘ — m =30 MeV
g — m=70 MeV
202
=
0.1—
00 1 2 3

p [GeV]

To reach goal precisely image quarks and gluons
and their interactions

Jefferson Lab



A reminiscence on the HERMES experiment

HERMES

EXPERIMENT * HERMES Collaboration (1988-now)

Several hundred physicists from Europe and North America to study
A Personal Story the spin structure of nuclear matter.
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« HERMES Experiment (1995-2007)

e Technically innovative HERMES experiment at the first electron-
proton collider, HERA.

P
* HERMES Legacy
* Considerable impact of scientific results with many pioneering
measurements.
* Shaped an entire generation of young people into scientific leaders.

Richard Milner
Erhard Steffens
B worid scientific
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Polarized DIS measurements

Novel QCD phenomena
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SSA in SIDIS measurements at HERMES

TSSA at HERMES

* two naive-T-odd functions at leading twist:
« Sivers TMD: Sivers effect Sy - (q x Py)
« Collins FF: Collins effect Sg- (Pg < Pp)
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Signals for TMD PDFs and TMD FFs

Differential Cross section decomposition
cross section in terms of structure functions
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Factorized results in terms
of TMD PDFs and TMD FFs

i at tree-level and twist-2 and twist-3 accuracy

Assuming one-photon exchange, current

: fragmentation only, TMD factorization hold,
small transverse momenta, Gaussian Ansatz
: valid

Sivers TMD and spin-independent FF
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The HERMES compendium on TMD analysis
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Azimuthall single-kndldouble-spin asymmetries in

semi-inclusive deep-inelastic lepton scattering by
transversely polarized protons
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Single-Spin Asymmetries (SSA)

Double-Spin Asymmetries (DSA)
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The HERMES compendium on TMD analysis JHEP 12 (2020) 010

10 type of asymmetries
e 6SSA
oES Revomr 20110 e 4 DSA

Azimuthall single- Iandldouble—spin Iasymmetries in
semi-inclusive deep-inelastic lepton scattering by

transversely polarized protons 7 hadron types
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* Cross-Section Asymmetries (CSA) entire Fourier amplitude of each
cross-section contribution.

Structure-Function Asymmetries (SFA) pure ratios of structure
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SSA and DSA summary

v := incompatible with NULL hypothesis at 95% CL (V') := incompatible with NULL hypothesis at 90% CL
Azimuthal modulation Significant non-vanishing Fourier amplitude
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Next slides Discussion of the Sivers amplitudes, expanding on the earlier publication, PRL103 (2009)
152002, where HERMES reported clear evidence for the Sivers effect in SIDIS.
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Multi-dimensional analysis
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Fully differential approach with small bin-sizes

* minimizes the dominant contributions to the
systematic uncertainty, and therefore
maximizes the attainable experimental
precision

* maximize information for QCD analysis
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Sivers amplitudes for charged pions
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Sivers amplitudes for charged kaons
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Positive amplitude, different than ™
K~ is a pure sea object with no valence quarks in
common with target proton
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u-quark dominance and the role of higher twist PRL103 (2009) 152002
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Sivers amplitudes for protons
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Additional HERMES results on DSA and SSA

- . ) o i Multidimensional analysis of beam-helicity asymmetries
Multidimensional analysis of longitudinal DSA Ain SIDIS, ¢, single-hadron production in SIDIS

including transverse dependence Phys.Lett.B 797 (2019) 134886
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* TMDs Imaging quarks and gluons within the nucleon.

* HERMES Pioneering TMD measurements

e Recent HERMES results in 3D binning maximize
information for QCD analysis.

 Important guidance for

* The 12 GeV Science Program at Jefferson Lab
Precision TMD studies for valence quarks.

* Electron-lon Collider Precision TMD studies for sea
quarks and gluons.
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