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Transverse Single Spin Asymmetry

Large left-right asymmetry in pT + p — 11 + X has been observed Ay = 2L OF
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Experiment: up to 30%
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Transverse Single Spin Asymmetry

Transverse-momentum dependent (TMD)
distribution functions and fragmentation functions

Sivers mechanism

Correlations of nucleon » Transversity
transverse spin and parton
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Transverse Single Spin Asymmetry

Transverse-momentum dependent (TMD) lelti-parto_n correlatio_n in_
distribution functions and fragmentation functions twist-3 collinear factorization

Sivers mechanism Twist-3 Quark-gluon-quark and Tri-gluon
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World’s first and only polarized

proton+proton collider
Provide polarized proton+proton collisions up to

\/E =510 GeV
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High (50-60%) transverse polarization and
frequent spin flips
- Siberian snakes minimize depolarizing effect
Spin rotators allow changing from vertical to
radial or longitudinal polarization.
proton-Carbon and hydrogen gas jet
polarimeters measure the polarization.



k? Brookhaven

National Laboratory

sPHENIX Collaboration nclR

o State-of-the-Art Jet Detector at RHIC

o Study of quark-gluon-plasma and Cold-QCD

* About 400 scientists and students from 14 countries

 Full azimuthal and |n| < 1.1 acceptance for collisions in +10 cm
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SPHENIX detector 6



Main Physics Programs at sPHENIX

Quarkonium spectroscopy

T(zs)

Jet structure

A
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National Laboratory

Run 2024, Dijet event display N
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Dijet event display and energy distributions of the calorimeters.
We could make them at the beginning of the physics data taking.



Inclusive jet An

Powerful probe for initial-state partonic interactions
and Insensitive to final-state effect.

Transverse single-spin asymmetry
(TSSA):

P
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ol + o' VS g pY ?
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Inclusive jet An

Powerful probe for initial-state partonic interactions
and Insensitive to final-state effect.

Transverse single-spin asymmetry

(TSSA):
ol — o' . .
= Ay SIn ¢ = —&, SIn
ol + o} VS pY »
TSSA of inclusive jet:

Collinear twist-3 quark-gluon correlation inside transversely polarized
proton (Efremov-Teryaev-Qiu-Sterman function) can be studied, which
IS related to Sivers function:

| k1|
T x,x)=— |d% T9(x, k3
0.5 J t M S D) SIDIS

Inclusive jet An becomes more sensitive to the gluon Sivers function in
the low pt region as the contribution of hard-scattered gluons is large.
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Inclusive jet Ay (p' + p — jet + X)

Reconstruction, Analysis
(Kinematics, event/spin parameters)

!

Jet energy scale &
Jet energy resolution calibration

!

Unfolding to truth jets

!

Asymmetry extraction

!

Systematics studies
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Jet Measurements at sPHENIX

Electromagnetic calorimeter
- Tungsten powder + scintillating fibers

« Compact design, small segmentation (An x A = 0.024 x 0.024)

HCal (outer)

Magnet

HCal (Inner)
EMCal

TPC

INTT

MVTX

Cross-section of the
SsPHENIX detector
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Jet Measurements at sPHENIX

Electromagnetic calorimeter
- Tungsten powder + scintillating fibers

« Compact design, small segmentation (An x A = 0.024 x 0.024)

180 %x10° For more details: https://www.sphenix.bnl.gov/sPH-CONF-COLDQCD-2025-01
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Neutral meson transverse single spin asymmetries and prospects for the D°

Devon Loomis
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transverse single spin asymmetry in polarized proton collisions with sPHENIX
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Jet Measurements at sPHENIX

Electromagnetic calorimeter
- Tungsten powder + scintillating fibers

« Compact design, small segmentation (An x A = 0.024 x 0.024)

Hadronic calorimeter

* Inside of the magnet: aluminum and scintillating tiles

- Outside of the magnet: steel + scintillating tiles

- Measurements before multiple scattering of hadron shower
by the cryostat for the magnet is possible.

- HCal enables unbiased jet triggering

Hcal installation

sPHERIX
_wl

sPHENIX Experiment at RHIC

@ Collisions: p+p @ VS =200 GeV

Run 43287, 2024-05-20, Event 1309578
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Jet Measurements at sPHENIX

Jet measurement

» A good probe to study the initial-state as insensitive to the final-state effect.
» Anti-kT algorithm with the cone radius of 0.4 is used.
» Jet reconstruction using calorimeter data shows very good performance.

Hcal
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Jet Measurements at sPHENIX

Jet measurement

» A good probe to study the initial-state as insensitive to the final-state effect.
» Anti-kT algorithm with the cone radius of 0.4 is used.
» Jet reconstruction using calorimeter data shows very good performance.

Conference note:
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
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SPHENIX Preliminary
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sPHENIX Run 2024 data
PYTHIAS truth jet spectrum
NLO pQCD (No Hadronization)
Werner Vogelsang

¥
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P [GeV]

Fully unfolded jet cross-section
measurement with pp data.
Good agreement between our
measurement and the theoritical
caclulation was confirmed.

We could reach up to 70 GeV.
Only 15% of data was used.
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Inclusive jet Ay (p! +p — Jet + X)

Reconstruction,

!

Jet energy scale &
Jet energy resolution calibration

!

Unfolding to truth jets

!

Asymmetry extraction

!

Systematics studies

. Reconstructlon Antl kT jet with R = 0. 4 using calorimeter data
* Trigger: Minimum bias North & South trigger fired
* Trigger: At least one of jet triggers (8, 10, 12 GeV) fired

«Event: |z, | < 60 cm
* Event: Beam polarization > 30%

| «Jet: | 75| < 1.1 =R =0.7

| +Jet: Calorimeter energy fraction
' Jets with too much energy concentration to EMCal/iHcal/oHcal are not used. §
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Inclusive jet Ay (p! +p — Jet + X)

Reconstruction,

!

Jet energy scale &
Jet energy resolution calibration

!

Unfolding to truth jets

!

Asymmetry extraction

!

Systematics studies

. Reconstructlon Antl kT jet with R = 0. 4 using calorimeter data
* Trigger: Minimum bias North & South trigger fired
* Trigger: At least one of jet triggers (8, 10, 12 GeV) fired

«Event: |z, | < 60 cm
* Event: Beam polarization > 30%

| . Jet: | 75| < 1.1 =R =0.7

* Jet: Calorimeter energy fraction

Prescale Counts

Jets with too much energy concentration to EMCal/iHcal/oHcal are not used.
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Inclusive jet Ay (p! +p — Jet + X)

Reconstruction,

!

Jet energy scale &
Jet energy resolution calibration

!

Unfolding to truth jets

!

Asymmetry extraction

!

Systematics studies

. Reconstructlon Antl kT jet with R = 0. 4 using calorimeter data
* Trigger: Minimum bias North & South trigger fired
* Trigger: At least one of jet triggers (8, 10, 12 GeV) fired

«Event: |z, | < 60 cm
* Event: Beam polarization > 30%

-Jet: |7 | < 1.1 -R=0.7
* Jet: Calorimeter energy fraction
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Jet trigger performance Beam polariation

Jets with too much energy concentration to EMCal/iHcal/oHcal are not used.
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Inclusive jet Ay (p' + p — jet + X)

v

Reconstruction, Analysis
(Kinematics, event/spin parameters)

v Jet energy scale &
Jet energy resolution calibration

92

Unfolding to truth jets

!

Asymmetry extraction

!

Systematics studies
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Inclusive jet Ay : Asymmetry extraction

Transverse single spin asymmetry for the inclusive jet production
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Inclusive jet Ay : Asymmetry extraction

Transverse single spin asymmetry for the inclusive jet production

o — o5 | 1 | — 02 SPHENIX Performance 1902035 ) 3 SPHENIX Performance _ 9/19/2025
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Square root formula
Combinations of #jet with (¢ or $+180°) and (up or down) polarization form the asymmetry
Both the luminosity difference and the detector acceptance effect are canceled. o
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Inclusive jet An

Powerful probe for initial-state partonic interactions
iInsensitive to final-state effect.

Transverse single-spin asymmetry (TSSA):
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