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Nucleon structure

200 MeV (1 fm) > 2 GeV (1/10 fm)

Quark Confinement Asymptotic Freedom
Probe 

Energy

Global properties:
mass
spin
quantum numbers

Local properties:
Quark and gluon spin
Orbital angular momentum
Momentum distributions
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Nucleon tomography

Markus Raetz
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Parton Distribution Functions (PDF) 

1-dimensional
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Transverse-Momentum-Dependent (TMD) 
Parton Distribution Functions (PDF) 

3-dimensional
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Testing QCD
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Testing QCD

+ higher-order PDF/FF

not measurable

measurable
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Measurements: Transverse Single Spin Asymmetries (TSSA)

Inclusive hadron production in polarized proton-proton collisions:

Asymmetric distribution to left and 
right of polarized proton spin

First-order predictions in pQCD: No asymmetries
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Measurements: Transverse Single Spin Asymmetries (TSSA)

Inclusive hadron production in polarized proton-proton collisions:

Asymmetric distribution to left and 
right of polarized proton spin

First-order predictions in pQCD: No asymmetries

Observations: Large xF-dependent asymmetries
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Asymmetry measurements

Inclusive hadron production in polarized proton-proton collisions:

First-order predictions in pQCD: No asymmetries

Kinematic domain studied in my analysis

Involved phenomena:
Sivers TMD-PDF

qgq or ggg

Collinear higher-twist

Observations: Large xF-dependent asymmetries

proton

proton
PDF

PDF
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sPHENIX experiment

Collaboration started in 2016
∼ 300 members (53 institutions)

Commissioned from 2023 to 2024

sPHENIXRHIC (Relativistic Heavy Iion collider)

Collisions:

Run 2024:  

s

At Brookhaven National Lab (USA, New York State)
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sPHENIX experiment
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sPHENIX experiment

1m
2.5m

EMCal: Photon measurement:
MinBIAS: Collision position 
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Neutral meson selection 

➢              : Signal range asymmetry
(dark blue, dark red)

➢          : Side range asymmetry 
(light blue, light red)

➢          : Corrected asymmetry

Several 
kinematic bins
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Neutral meson selection 

➢              : Signal range asymmetry
(dark blue, dark red)

➢          : Side range asymmetry 
(light blue, light red)

➢          : Corrected asymmetry

Several 
kinematic bins
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Asymmetry measurements at sPHENIX

Asymmetry measurement:
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Asymmetry measurements at sPHENIX

Asymmetry measurement:

Default Luminosity Formula

Geometric Formula
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Asymmetry measurements at sPHENIX

Asymmetry measurement:

Default Luminosity Formula

Geometric Formula

Measurement:
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sPHENIX asymmetry results
Among the first preliminary results of sPHENIX in run 2024 

Kinematics in the analysis:

Integrated range
●
●

Unintegrated
●

(related to       parton transverse momentum)
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sPHENIX asymmetry results
Among the first preliminary results of sPHENIX in run 2024 

Kinematics in the analysis:

Integrated range
●
●

Unintegrated
●

➢ sPHENIX (2024) results compatible with PHENIX (2021)
➢ Expected refinement of the analysis (extended pT range,

                                                           unintegrated xF, η) 
➢ More statistics on Sivers and twist-3 predictions fits

Observations: 
(related to       parton transverse momentum)
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Summary and perspectives

Asymmetry measurements
➢ First preliminary results for the neutral meson TSSA

○ with new detector sPHENIX (installed in 2022)
○ in        collisions at 200 GeV

➢ Also studied by other experiments
○ RHIC (STAR, PHENIX, sPHENIX) at Brookhaven National Lab
○ EIC at Brookhaven National Lab
○ SPS (COMPASS, HERMES) at CERN

Quantum-Chromodynamics
➢ Factorization and universality
➢ More solid foundation to QCD
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Factorization and Universality

i.e.

Collinear

TMD

Collinear - twist 3

Time

proton-proton collisions

measurable
not measurable

parton
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Factorization and Universality

Universality: PDF and FF are the same in every interaction

proton-proton collisions Drell-Yan

e+e- collisions Deep-Inelastic Scattering

proton

proton

e+

e-

proton

proton

proton

e-

e-

e+

e-

hadron

hadronhadron

partons partons

partons
partons
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sPHENIX asymmetry results - backup
Among the first preliminary results of sPHENIX in run 2024 

Kinematics in the analysis:

Integrated range
●
●

Unintegrated
●

➢ sPHENIX (2024) results compatible with PHENIX (2021)
➢ Expected refinement of the analysis (extended pT range,

                                                           unintegrated xF, η) 
➢ More statistics on Sivers and twist-3 predictions fits

Observations: 

Collinear Twist-3
Sivers Generalized 

Parton Model

(related to       parton transverse momentum)


