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sPHENIX コラボレーション

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

• 2016 年にコラボレーション発足


• クォーク・グルーオン・プラズマ (QGP) と 
Cold-QCD の実験による研究を行う


• 14 カ国の 81 機関から約 400 名が参画


• ホームページ: https://www.sphenix.bnl.gov/
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2016 年にデータ収集完了。

データ解析が継続中。


NEXT STEP

Cold-QCDQGP 中の 
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sPHENIX 検出器
Midrapidity をカバーするハドロンカロリーメータ（RHIC 初）で 
フルジェットの再構成が可能 
全方位角 2π を |η| < 1.1 と |zvtx| < 10 cm において覆う検出器群


マグネット 
SLAC Babar 実験から譲り受けた超電導磁石 1.5 T


ハドロンカロリーメータ (HCAL) 
•マグネット内側: 非磁性金属 + シンチレーター

•マグネット外側: 鉄 + シンチレーター

•マグネット内側の測定でマグネットによる 
多重散乱の影響を抑える


電磁カロリーメータ (EMCAL) 
•タングステンパウダー + シンチレーションファイバー

•小型、small segmentation (Δη × Δφ = 0.024 × 0.024)
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sPHENIX 検出器 
断面の概念図
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sPHENIX 検出器
飛跡検出器群 
•TPC (Time Projection Chamber) 

- r < 80 cm

-高運動量分解能を与える


•TPOT (TPC Outer Tracker) 
- Micromegas

- TPC の空間電荷による歪みのキャリブレーション


• INTT (Intermediate Silicon Tracker)

- r < 10 cm

- TPC と MVTX の間での測定、高時間分解能 

•MVTX (MAPS-based Vertex Detector)

- r < 4 cm

- 30 μm ピッチのピクセルによる反応点測定


前方検出器 
•MBD (Minimum Bias Detector) (PHENIX 時代の BeamBeamCounter)


- 3.51 < | η | < 4.61

-ミニマムバイアストリガー発行


• sEPD (sPHENIX Event Plane Detector)

- 2.0 < |η| < 4.9, 

-高分解能での反応平面測定


•ZDC (Zero Degree Calorimeter)

- z =± 18.5 m

-中心衝突度、ルミノシティ測定とトリガー 6
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sPHENIX 日本グループが開発・建設に大きく貢献している 
関連する講演：



年 ビーム √sNN 
(GeV)

データ
収集 
(週)

ルミノシティ, 
(|z| < 10 cm)

Recorded Sampled

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

2024 p↑+ p↑ 200 17 0.44 pb-1 
(5 kHz) 31 pb-1

2024 Au + Au 200 3 0.4 nb-1 -

2025 Au + Au 200 24.5 6.3 nb-1 -

実験計画
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• 検出器の建設は 2023/04 に完了


• 2023/05 からビーム供給開始


• 2023/08/01 加速器トラブル発生


• 2023/08-09: 宇宙線を用いてコミッショニング継続

2023: コミッショニング

• 横偏極陽子 p↑ + p↑ (~60% polarization) の 
データ収集（√s = 200 GeV）


• 2023 年に予定されていた Au+Au による 
コミッショニング (6 週間)

2024: p↑+p↑, Au + Au

• Au + Au のデータ収集
2025: Au + Au

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

p↑p↑ 
7 週間

AuAu 
5.5 週間

p↑p↑ 
9 週間

sPHENIX Beam Use Proposal 2023 一部抜粋

↑

予定 4/15 

RHIC 
準備 
開始

↑

10 月上旬終了予定
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Cold QCD and p+A Physics Physics Projections 2023–2025
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Figure 4.12: (Left) Projected statistical uncertainties for h+ AN in p+p collisions, for data collected
with streaming readout; green arrows indicate the statistical uncertainty and pT coverage of the single
PHENIX data point (with 0.1 < xF < 0.2). (Right) Projected statistical uncertainties as a function of
the average number of nucleon-nucleon collisions in each centrality bin.
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Figure 4.13: Projected total yields (left) and RpA (right) for jets, photons, and charged hadrons in
centrality-integrated p+Au events, for the first three years of sPHENIX data-taking.

Hadronization studies will be performed with hadron-in-jet measurements, multi-differential in
momentum fraction z of the jet carried by the produced hadron, in the transverse momentum jT of
the hadron with respect to the jet axis, and in the angular radial profile r of the hadron with respect
to the jet axis. This includes studies for both light quark and heavy quark hadrons. Comparison of
p+p and p+A collisions will provide information on the nuclear modification of hadronization
processes. Measurements performed by PHENIX of non-perturbative transverse momentum effects
and their nuclear modifications in back-to-back dihadron and photon-hadron correlations, will
be extended to dijet and photon-jet measurements in sPHENIX. These measurements will help
to separate the effects associated with intrinsic parton momentum kT in the nucleon or nucleus
and fragmentation transverse momentum jT. These correlation measurements may also help
to probe theoretically predicted factorization breaking effects within the transverse-momentum-
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sPHENIX Cold-QCD プログラム

横偏極陽子 p↑ + p↑ 衝突（√s = 200 GeV）を測定する


横スピン非対称度 (transverse single spin asymmetry, TSSA)  
を決定し


• Transverse-momentum dependent parton distribution functions 
(TMDs)


• 高次ツイスト相関関数


• 破砕関数


• 等など


を研究する

11
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• 原子核依存性


• 原子核のパートン分布関数


•



• Initial state effect のみ関与


• Tri-gluon correlation function 
(collinear twist-3 相関関数) が得られる


←グルーオン Sivers に関連する


• 初測定は PHENIX ( PRL127(2021)162001 )


• sPHENIX の高統計データで AN の更新を図る

sPHENIX Cold-QCD プログラム
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直接光子

PRL 127 (2021) 162001

X
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sPHENIX における直接光子 AN 測定と PHENIX の測定

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.

30

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

PhcosðϕÞi

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)
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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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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

PhcosðϕÞi

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.
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Open heavy flavor 
Prompt D0 p↑ + p → D0/D̄0 + X

p↑ + p → e+/− + X

• Tri-gluon correlation function が得られる


• D0 測定にはストリーミング読み出しによる高統計
データが必要

sPHENIX における D0/D̅0 AN 測定への統計誤差の見積もりと 
PHENIX の open heavy flavor AN 測定
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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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III. RESULTS

The OHF → e! TSSAs are plotted in Fig. 4 alongside
theoretical predictions of ANðp↑ þ p → ðD0=D̄0 → e!Þ þ
XÞ from Ref. [38] in (red/blue) solid lines, and ANðp↑ þ
p → ðD=D̄ → e!Þ þ XÞ from Ref. [39] in (red/blue)
dashed and dotted lines, with λf, λd, KG, and K0

G chosen
to best fit the data for the separate charges simultaneously.
The measurements are consistent with zero, and are
statistically more precise than previous heavy-flavor mea-
surements. The total systematic uncertainties come from
combining those associated with the background fractions,
background asymmetries, and the difference in calculating

AN with Eqs. (7) and (8); there is no dominant source of
systematic uncertainty across charges and pT bins. The
systematic uncertainty reaches at most 37% of the corre-
sponding statistical uncertainty (see Table II), while it is
typically suppressed by an order of magnitude or more. The
placement of the theoretical curves in Fig. 4 differs for eþ

vs e− due to the contribution of the symmetric trigluon
correlator having opposing signs in charm vs anticharm
production, leading to constructive vs destructive interfer-
ence with the antisymmetric trigluon correlator contribu-
tion for the separate charges. This allows for constraining
power on all parameters. Summaries for final asymmetries
with statistical and systematic uncertainties are given in
Table II for OHF positrons AOHF→eþ

N and electrons AOHF→e−
N

and in Table III for nonphotonic (NP) positrons ANPeþ
N and

electrons ANPe−
N .

To determine theoretical parameters that fit the data best,
χ2ðλf; λdÞ, χ2ðKGÞ, and χ2ðK0

GÞ were calculated for the
separate charges and summed to extract minimum values.
The results along with 1σ confidence intervals are λf ¼
−0.01! 0.03 GeV and λd ¼ 0.11! 0.09 GeV for param-
eters introduced in Ref. [38], and KG ¼ 0.0006þ0.0014

−0.0017 , and
K0

G ¼ 0.00025! 0.00022 for parameters introduced in
Ref. [39]. This corresponds to the first constraints on
ðλf; λdÞ, and is in agreement with previous constraints
on KG and K0

G derived in Ref. [39]. Figure 5 summarizes
the results of the statistical analysis performed to extract
best-fit parameters λf and λd, where the theoretical asym-
metries depend on both parameters. Nicely illustrated are
the constraining power of the individual charges and the
necessity of combining the charges in the statistical
analysis. Both charges predict that contributions from
trigluon correlations are small, indicating that λf and λd
values that result in cancellation of their contributions to the
asymmetry calculation are preferred.

FIG. 4. ANðOHF → e!Þ (red) circles and (blue) squares for
positrons and electrons, respectively. Also plotted are predictions
of ANðD0=D̄0 → e!Þ from Ref. [38], and ANððD0=D̄0 þ
Dþ=−Þ → e!Þ from Ref. [39] for best-fit trigluon-correlator-
normalization parameters, with the red/blue solid, dashed, and
dotted lines corresponding to central values of the 1σ confidence
intervals shown in the legend.

TABLE II. Summary of final asymmetries AOHF→e!
N for open-heavy-flavor positrons and electrons with statistical σA

OHF→e!
N and

systematic uncertainties, shown in Fig. 4.

e! pT range ðGeV=cÞ hpTi ðGeV=cÞ AOHF→e!
N σA

OHF→e!
N σsysfþ σsysf−

σsysAB
N

σsysdiff σsystotþ σsystot−

eþ 1.0–1.3 1.161 −0.00256 0.0212 0.00193 0.000855 0.00264 0.000435 0.00330 0.00281
1.3–1.5 1.398 0.0105 0.0178 0.00142 0.00108 0.00143 0.000621 0.00211 0.00189
1.5–1.8 1.639 0.00571 0.0159 0.000468 0.000401 0.00118 0.000432 0.00134 0.00132
1.8–2.1 1.936 0.0126 0.0192 0.00101 0.000856 0.000889 0.00697 0.00710 0.00708
2.1–2.7 2.349 0.00208 0.0210 0.00140 0.00109 0.000719 0.00446 0.00473 0.00465
2.7–5.0 3.290 0.0357 0.0287 0.00595 0.00364 0.000474 0.00342 0.00688 0.00501

e− 1.0–1.3 1.161 −0.0113 0.0186 0.00404 0.00237 0.00247 0.000120 0.00474 0.00343
1.3–1.5 1.398 −0.0297 0.0181 0.00466 0.00335 0.00174 0.000672 0.00502 0.00384
1.5–1.8 1.639 0.0139 0.0167 0.00117 0.000789 0.00147 0.000917 0.00209 0.00191
1.8–2.1 1.936 0.0105 0.0207 0.00136 0.000990 0.00109 0.000234 0.00176 0.00149
2.1–2.7 2.349 −0.0267 0.0227 0.000104 0.000152 0.000899 0.00253 0.00269 0.00269
2.7–5.0 3.290 0.0237 0.0305 0.00509 0.00313 0.000589 0.00174 0.00541 0.00363
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• Jet：mid-rapidity での AN は初

• Dijet：パートンの固有横運動量へ 
アクセス可能


• γ-Jet: グルーオン Sivers へ 
アクセス可能
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Jet, Dijet, γ-Jet

sPHENIX における Dijet AN 測定で
予測される統計誤差

p↑ + p → jet + jet + X
p↑ + p → γ + jet + X



• Jet：mid-rapidity での AN は初

• Dijet：パートンの固有横運動量へ 
アクセス可能


• γ-Jet: グルーオン Sivers へ 
アクセス可能
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Jet, Dijet, γ-Jet

sPHENIX における Dijet AN 測定で
予測される統計誤差

p↑ + p → jet + jet + X
p↑ + p → γ + jet + X

sPHENIX における di-hadron 
AUT 測定への統計誤差の見積もり

Di-hadron p↑ + p → h+ + h− + X
Di-hadron TSSA AUT から 
Transversity と Interference 
Fragmentation Function (FF)  にアクセス可能
8 2.2 Other Transverse-Spin-Related Measurements

which are not very well known so far. Figure 4 shows that the average x1 for central jets of
transverse momenta surpassing 12 GeV can reach values as high as 0.35. They therefore
increase the reach above the previously accessible region and at high scales. In contrast,
the planned fixed-target SIDIS measurements with electron beam energies of 11 GeV can
only reach scales of about 3 GeV - a range where higher-twist effects will undoubtedly
complicate the interpretation of the data [25].
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Figure 4: Range of expected Collins asymmetries in sPHENIX kinematics, given between the
2007 Torino transversity fit (solid lines) of SIDIS and e

+
e
� data [26] and the Soffer bound

(dashed lines) based on the unpolarized and helicity PDFs only. The different panels display
various jet transverse momentum ranges for jets in the rapidity 0.5 < h < 1.0 region.

For the interference fragmentation related measurements, the higher statistics expected
with sPHENIX will enable a finer binning in both transverse momentum of the hadron pair
and its invariant mass. Again, the transverse momentum will allow the average x of the
polarized proton to be varied and thus improve our knowledge related to the corresponding
quark transversity towards higher x. Furthermore, the sPHENIX EMCal should enable also
charged–neutral pion pair IFF measurements, which could improve the flavor-separated
extraction of transversity, although the corresponding fragmentation function information
is so far not available from e

+
e
� annihilation.

2.2 Other Transverse-Spin-Related Measurements
While most inclusive single-spin asymmetries have been observed at forward rapidities,
there are a few measurements which are also of interest at central rapidities. Several heavy-
flavor-related single-spin asymmetries, which are sensitive to tri-gluon correlators and
the higher-twist component related to the integral of the gluon Sivers function [27], are
expected to show nonzero asymmetries at small to moderate Feynman-x (xF) according to
model calculations [28]. Presently, some asymmetry measurements of muons from heavy
flavor decays at slightly forward rapidities exist from PHENIX [29]. These measurements
are consistent with the predictions, but lack the precision to clearly identify a nonzero
asymmetry. With the increased precision of sPHENIX and the potential capability to
fully reconstruct D mesons via their hadronic decays (rather than detecting them via their
leptonic decays), such measurements become feasible at pseudorapidities smaller than

A C
ol

lin
s

Hadron in Jets p↑ + p → jet + h + X
Collins 非対称度が得られる→ Transversity & Collins 破砕関数

sPHENIX 測定範囲における Acollins の予測
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2022/06 Inner HCAL

2023/03 INTT2023/01 TPC

2021/10 マグネット 2022/05 Outer HCAL
2022/11

EMCAL

2023/03 MVTX 2023/04 MBD
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EMcal

2γ 不変質量分布に π0 崩壊による

ピークを確認！

INTT

左：Au-Au 衝突によるヒット分布のピークを確認！

右：内外バレルのクラスター数相関

TPC

宇宙線測定のイベントディスプレイ

左：1 宇宙線イベント

右：多数のイベントの重ね書き

ZDC

左：ADC 分布に中性子によるピークを確認！

右：検出器南北（約 37 m 離れている）で相関

π0!!!

beam

beam

Run23: コミッショニング



現状・今年の予定
✓2023/09：Run23 終了


✓～2023/11：TPC メンテナンスのため MVTX 本体取り出し、 
                     INTT 読み出し基板取り出し


✓2024/02：TPC メンテナンス終了


✓2024/03/12：INTT 基板再設置・検出器テスト完了


✓2024/03/13：MVTX 再インストール作業開始


• 2024/03：MBD, sEPD 再インストール


• 2024/04：RHIC 稼働開始


• 2024/05：p↑ p↑ 衝突のデータ収集開始
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まとめ
• sPHENIX は BNL RHIC で QGP と Cold-QCD の実験による研究を行う。


• sPHENIX 検出器は

- Hcal, EMcal

- 超伝導ソレノイド磁石

- トラッキング：TPC, TPOT, INTT, MVTX


- 前方検出器：sEPD, MBD, ZDC


からなる。

• 2024 年は p↑ + p↑ のデータ収集と Au + Au を用いたコミッショニングを行う。p↑ + p↑　から


• Tri-gluon correlator

• Sivers TMD PDF, Transversity PDF

• Collins FF, Interference FF

• 等など

の研究を行う。


• 現在 Run24 に向けた準備を行っている
19STAY TUNED


