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•Origin of the transverse 
single spin asymmetries

•Nucleon structure

•Fragmentation functions

•Nuclear effects

u, d, s
charm

bottom

•Flavor (mass) 
dependence of parton 
energy loss in QGP

•Sequential quarkonia 
melting: Suppression of 
quarkonium depending 
on the state

•Jet correlations

•Nuclear Modification 

Factor

•Jet structure

•Jet flavor dependencies
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sPHENIX Detector
Tracking detectors 
•TPC (Time Projection Chamber) 

- r < 80 cm

- contributes good momentum resolution 


•TPOT (TPC Outer Tracker ) 
- Micromegas

- for calibration of beam-induced space charge distortions


• INTT (Intermediate Tracker )

- r < 10 cm

- tracking between TPC and MVTX with great timing resolution 

•MVTX (MAPS-based Vertex Detector )

- r < 4 cm

- Monolithic active pixel detector with 30 μm pitch for vertexing


Forward Detectors 
•MBD (Minimum Bias Detector)


- 3.51 < | η | < 4.61

- provides minimum bias trigger, reuse of the PHENIX BBC


• sEPD (sPHENIX Event Plane Detector)

- 2.0 < |η| < 4.9, 

- contributes to the great event place resolution


•ZDC (Zero Degree Calorimeter)

- z =± 18.5 m

- works for centrality and luminosity measurements and trigger

7

sPHENIX Detector

Year Beam √sNN 
(GeV)

Data 
Taking 

(Weeks)

Luminosity, 
(|z| < 10 cm)

Recorded Sampled

2023 Au + Au 200 9 3.7 nb-1 4.5 nb-1

2024 p↑+ p↑ 200 12 0.3 pb-1 
(5 kHz) 45 pb-1

2024 p↑+ Au 200 5 0.003 pb-1 11 pb-1

2025 Au + Au 200 20.5 13 nb-1 21 nb-1

Run Plan
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• The construction was finished in April/2023.

• The first beam came in May/2023.

• Commissioning and calibration are ongoing NOW.

• We will start Physics data taking soon.

2023: Commissioning&Calibration

• A large amount of data with

- p↑ + p↑ @√sNN = 200 GeV (~60% polarization)

- p↑ + Au @√sNN = 200 GeV (~60% polarization)


• Trackers’ readout will be updated to streaming 
readout for a part of the run.

2024: p↑+p↑ and p↑ + Au

• Very large Au + Au dataset (140B events)

2025: Au + Au

• Only the initial state effect is involved.

• Tri-gluon correlation function in the collinear twist-3 framework can be studied.

• It’s connected with the gluon Sivers TMD PDF.

• PHENIX reported the first measurement of AN from the direct photon.

• sPHENIX can improve the statistics of the measurement significantly. Cold QCD and p+A Physics Physics Projections 2023–2025
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Figure 4.11: Left: Projected statistical uncertainties for direct photon AN . Right: Statistical projections
of transverse spin asymmetry for the D0 mesons for Year-2, which is compared with various scenarios
modeled in the twist-3 model in [26].

which can isolate the quark-gluon scattering process at leading order, thus giving access to the
gluon Sivers effect.

Another possible origin of the observed TSSAs is the Collins mechanism, which correlates the
transverse polarization of a fragmented quark to the angular distribution of hadrons within a
jet. This gives access to the transversity distribution in the proton, which can be interpreted as
the net transverse polarization of quarks within a transversely polarized proton. Along with the
unpolarized PDF and helicity PDF, transversity is one of three leading-twist PDFs, least known at
the moment. The integral in x over the valence quark transversity distribution defines the tensor
charge, a fundamental value calculable in lattice QCD, therefore enabling the crucial comparison of
experimental measurements with ab initio theoretical calculations.

Measuring angular distributions of dihadrons in the collisions of transversely polarized protons,
couples transversity to the so-called “interference fragmentation function” (IFF) in the framework
of collinear factorization. The IFF describes a correlation between the spin of an outgoing quark
and the angular distribution of a hadron pair that fragments from that quark. A comparison of the
transversity signals extracted from the Collins effect and IFF measurements will explore questions
about universality and factorization breaking.

The first non-zero Collins and IFF asymmetries in p+p collisions have been observed by the STAR
collaboration at midrapidity [27, 28] and shown to be invaluable to constrain the transversity
distribution. sPHENIX, with its excellent hadron and jet calorimetric trigger capabilities coupled
with its high-rate DAQ capabilities, is expected to deliver high-statistics samples for both Collins
and IFF asymmetries. The sPHENIX capability to collect a significant data sample with streaming
readout will allow us to extend the charged dihadron measurements for IFF asymmetries from the
barrel region (|h| < 1) to more forward kinematics up to h = 2.
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Direct photon

dead areas of the EMCal and use the previously measured
π0 [29] and η [30] cross sections. The background fractions
for photons from π0 (η) decays are plotted in Fig. 1 and are
systematically larger in the east arm versus the west due to
the PbGl sectors having slightly more dead area compared
to the PbSc sectors. The contribution of decay photons
from sources heavier than η mesons is estimated to be less
than 3% with respect to the measured background and so an
even smaller percentage of the total direct photon sample.
The uncertainty on the background fraction is propagated
through Eq. (2) to assign an additional systematic uncer-
tainty to the direct-photon asymmetry.
A similar method to Eq. (3) is used to find the

contribution of merged π0 decay photons. The equivalent
Rh is calculated using simulated h → γγ decays, taking the
ratio of the number of reconstructed EMCal clusters
produced by merged decay photons divided by the number
of reconstructed clusters associated with a single decay
photon. The contribution from merged photon clusters was
found to be less than 0.2%, small compared to the up to
50% background fraction due to the one-miss effects, and
the contribution from merged η decays was confirmed to be
negligible.
An additional systematic study is performed by calcu-

lating the asymmetry with the square root formula:

AN ¼ 1
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ffiffiffiffiffiffiffiffiffiffiffiffiffi
N↑

LN
↓
R

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffi
N↓

LN
↑
R

q

ffiffiffiffiffiffiffiffiffiffiffiffiffi
N↑

LN
↓
R

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
N↓

LN
↑
R

q ; ð4Þ

where the L and R subscripts refer to yields to the left and
to the right of the polarized-beam-going direction, respec-
tively. This result is verified to be consistent with the
relative luminosity formula results from Eq. (1) and the
differences between these results are assigned as an addi-
tional systematic uncertainty due to possible variations in
detector performance and beam conditions. The systematic

uncertainty due to setting the background asymmetries to
zero dominates the total systematic uncertainty by an order
of magnitude for all pT bins except for the highest pT bin,
where it is only slightly larger than the difference between
the square root formula and relative luminosity formula.
Another study using bunch shuffling found no additional
systematic effects. Bunch shuffling is a technique that
randomizes the bunch-by-bunch beam polarization direc-
tions to confirm that the variations present in the data are
consistent with what is expected by statistical variation.
The results for the AN of isolated direct photons, Adir

N , at
midrapidity in p↑ þ p collisions at

ffiffiffi
s

p
¼ 200 GeV are

shown in Table I and in Fig. 2, where the shaded (gray)
bands represent the systematic uncertainty and the vertical
bars represent the statistical uncertainty. The measurement
is consistent with zero to within 1% across the entire pT
range. Figure 2 also shows predictions from collinear twist-
3 correlation functions. The solid (green) curve shows the
contribution of qgq correlation functions to the direct-
photon asymmetry which is calculated using functions
that were published in Ref. [18] that are integrated over
the jηj < 0.35 pseudorapidity range of the PHENIX
central arms. This calculation includes contributions from
the qgq correlation functions present in both the polarized
and unpolarized proton, including the ETQS function
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FIG. 1. The fractional contribution of photons from (a) π0 and
(b) η decays to the isolated direct photon candidate sample.

TABLE I. The measured AN of isolated direct photons in p↑ þ
p collisions at

ffiffiffi
s

p
¼ 200 GeV as a function of pT . An additional

scale uncertainty of 3.4% due to the polarization uncertainty is
not included.

hpTi½GeV=c& Adir
N σstat σsyst

5.39 −0.00 049 2 0.00 299 0.00 341
6.69 0.00 247 0.00 404 0.00 252
8.77 0.00 777 0.00 814 0.00 159
11.88 0.00 278 0.0105 0.00 106
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FIG. 2. Transverse single-spin asymmetry of isolated direct
photons measured at midrapidity jηj < 0.35 in p↑ þ p collisions
at

ffiffiffi
s

p
¼ 200 GeV. An additional scale uncertainty of 3.4% due to

the polarization uncertainty is not shown.

PHYSICAL REVIEW LETTERS 127, 162001 (2021)

162001-6

PRL 127 (2021) 162001

X

p

p↑

γ
Xp↑ + p → γ + X

Statistical projection of direct 
photon measurement at sPHENIX.

sPHENIX Today
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EMcal

Peak by π0 decay 
in di-photon mass distribution!

INTT

Left: High hit rate by beam-beam collisions 
means successful tuning of timing.

Right: Hit rate correlation in the barrels.

TPC

Event displays of accumulated events 
(left) and a single track (right).

ZDC

Neutron peaks in ADC distribution.

Correlation b/w the North and the South parts.

π0!!!

beam

beam

• Cold-QCD プログラムの紹介を 15 + 5 分で行ってきた

• STAR の結果が AN へのグルーオン寄与が小さいことを 
示唆しているけど、大丈夫か？といった質問


• 理論屋は sPHENIX より EIC に注目しているという印象
pptx, keynote
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