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`To graduate! But by how? 🫣
• Beam test 2021 publication 

• Quark Matter 2023 proceeding - The Intermediate Silicon Tracker of sPHENIX 

• Run 2023 - INTT dN/dη 

• The gluon orbital motion measurement of proton
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`Beam test 2021
• Beam test 2021 @ ELPH Tohoku

• Configuration: 3 layers of INTT ladders + 2 scintillators (trigger)

• Bias voltage: 50 V

• Main scope: study the efficiency (to understand the 96% of second beam test)

• Deadline: before dN/dη submission 
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`Quark Matter proceeding 
• Title : The Intermediate Silicon Tracker of sPHENIX

• Scope : INTT description and commissioning

• Note : Should read PAC document first

• Deadline: 

• First draft circulating in INTT group: Nov 28 2023

• To the sPHENIX collaboration: Dec 7th 2023

• Submission deadline December 15th 2023
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The Intermediate Silicon Tracker of sPHENIX

Cheng-Wei Shih1,⇤ for the sPHENIX Collaboration
1Department of Physics, and Center for High Energy and High Field Physics, National Central Univer-
sity, Taoyuan, Taiwan

Abstract. The sPHENIX project is a new detector experiment at the Relativis-
tic Heavy Ion Collider at BNL. Its aim is to study strongly interacting Quark-
Gluon Plasma and cold-QCD by measuring photons, jets, jet correlations, and
the Upsilon family with high precision. To achieve these goals, a precise track-
ing system is necessary. The tracking system of the sPHENIX detector consists
of MVTX, TPC, TPOT, and the Intermediate Silicon Tracker (INTT). INTT is a
two-layer barrel silicon tracker that plays a unique role among the tracking de-
tectors. It is capable of bridging the tracks of MVTX and TPC. In addition, its
precise timing resolution enables INTT to associate individual tracks and events
to eliminate pile-up events. The INTT barrel installation and cabling were com-
pleted in March 2023. We have since commissioned and confirmed installation
procedures and detector responses. The INTT status, and performance evalua-
tion by beams and cosmic rays are presented in this talk.

1 Introduction

Your text comes here. Separate text sections with

2 Section title

For bibliography use [1]

2.1 Subsection title

Don’t forget to give each section, subsection, subsubsection, and paragraph a unique label
(see Sect. 2).

For one-column wide figures use syntax of figure 1

Figure 1. Please write your figure caption here

For two-column wide figures use syntax of figure 2
For figure with sidecaption legend use syntax of figure
For tables use syntax in table 1.
⇤e-mail: cwshih0812@gmail.com
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`Run 23 dN/dη with INTT 
• Number of charge particles per event per pseudorapidity η with a given centrality region

• Major focused item

• Deadline : January 2024 😲

• Journal : part of INTT barrel pub.? (GIRI GIRI) 🤔

• Pressure 😱 
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`Proton properties - charge
• Proton : charge +1, mass 938.27 MeV, spin 1/2 

• Proton : known to be NOT point like particle 

→ The properties of proton should be attributed by its constituents!

→ Valence quarks : expected to carry most of proton’s properties

6
Materials from Itaru
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`Proton properties - mass
• Proton : charge +1, mass 938.27 MeV, spin 1/2 

• Proton : known to be NOT point like particle 

→ The properties of proton should be attributed by its constituents!

→ Valence quarks : expected to carry most of proton’s properties
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~938 MeV ~10 MeV

Yang, Yi-Bo et al. EPJ Web Conf. 175 (2018) 

http://inspirehep.net/author/profile/Yang,%20Yi-Bo?recid=1632457&ln=ja
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Valence 
quarks

Bro, loose some weight!

~938 MeV ~10 MeV

Yang, Yi-Bo et al. EPJ Web Conf. 175 (2018) 

http://inspirehep.net/author/profile/Yang,%20Yi-Bo?recid=1632457&ln=ja
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`

• Proton : charge +1, mass 938.27 MeV, spin 1/2 

• Proton : known to be NOT point like particle 

→ The properties of proton should be attributed by its constituents!

→ Valence quarks : expected to carry most of proton’s properties

Proton properties - spin
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Materials from Itarux : Momentum fraction, g1 : spin dependent structure function
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EMC Publication
European Muon Collaboration (EMC) : let’s confirm it!

~30% contribution to spin’s proton
Proton spin crisis !!! 😱

https://cds.cern.ch/record/183730/files/198801416.pdf
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`

• What else we can have inside the proton…? Gluon 🥳 

Proton properties - spin

9
Materials from Itarux : Momentum fraction

PHENIX : Let me do it!
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Figure 1-3: ALL vs. xT for inclusive jet production at mid-
rapidity in 200 GeV (blue circles) [6] and 510 GeV (red 
squares) [7] p+p collisions, compared to NLO predictions 
[8,9] for three recent NLO global analyses [10,11,12] 
(blue curves for 200 GeV and red curves for 510 GeV). 

Figure 1-4: ALL vs. xT for π0-meson production at mid 
rapidity with the point-to-point uncertainties in 200 GeV 
(blue circles) [13] and 510 GeV (red squares) [14] p+p 
collisions, compared to NLO predictions [15] for three 
recent NLO global analyses [10,11,12] (blue curves for 
200 GeV and red curves for 510 GeV). The gray/gold 
bands give the correlated systematic uncertainties. 

 

 

 
 
 
Figure 1-5: The running integral for Δg as a function of 
xmin at Q2 = 10 GeV2 as obtained in the DSSV global 
analysis framework. The different uncertainty bands at 
90% C.L. are estimated from the world DIS and SIDIS 
data, with and without including the combined set of pro-
jected pseudo-data for preliminary and RHIC measure-
ments up to Run-2015, respectively as well as including 
EIC DIS pseudo data (taken from Ref. [16]). 

 
The production of W± bosons in longitudinally 

polarized proton-proton collisions serves as a 
powerful and elegant tool [17] to access valence 
and sea quark helicity distributions at a high 
scale, Q∼MW, and without the additional input of 
fragmentation functions as in semi-inclusive DIS. 
While the valence quark helicity densities are 
already well known at intermediate x from DIS, 
the sea quark helicity PDFs are only poorly con-
strained. The latter are of special interest due to 
the differing predictions in various models of 
nucleon structure (see Ref. [18, 19]). The 2011 
and the high statistics 2012 longitudinally polar-
ized p+p data sets provided the first results for 
W± with substantial impact on our knowledge of 
the light sea (anti-) quark polarizations (see Fig-

ure 1-7 (left)). With the complete data from 2011 
to 2013 analyzed by both the PHENIX (see Fig-
ure 1-6 (right)) and STAR experiments the final 
uncertainties will allow one to measure the inte-
grals of the ∆! and ∆! helicity in the accessed x 
range above 0.05. The uncertainty on the flavor 
asymmetry for the polarized light quark sea 
∆! − ∆!  will also be further reduced and a 
measurement at the 2σ level will be possible (see 
Figure 1-7 (right)). These results demonstrate 
that the RHIC W program will lead, once all the 
recorded data are fully analyzed, to a substantial 
improvement in the understanding of the light 
sea quark and antiquark polarization in the 
nucleon. 

)s/
T

 (=2pTx
0 0.05 0.1

LL
A

0

0.01

0.02

PHENIX

|<0.35d+X  |0/ App 
510 GeV: Run12-13
510 GeV: rel. lum. uncertainty
200 GeV: Run6-9 (PRD90,012007)
200 GeV: rel. lum. uncertainty

510 GeV / 200 GeV pol. scale uncert. 6.5% / 4.8%

Theory curves: LSS10p (dashed), DSSV14 (solid) and NNPDF1.1 (dotted)

-0.5

0

0.5

1

1.5

10
-5

10
-4

10
-3

10
-2

10
-1

1

DIS + SIDIS
90% C.L. constraint

DSSV 2014
with 90% C.L. band

RHIC projection
data ) 2015

EIC projection
3s = 78 GeV¬

proton spin

0 d
x 
6

g
x m

in

1

Q2 = 10 GeV2

xmin

Combination of 6 years of data taking!
PRD93, 011501R (2016)

∫
0.2

0.05
Δg(x)dx = 0.2±0.06

0.07

~40% of proton spin contribution
~30% missing still! 🙀

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.011501
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`Proton properties - spin
• What else we can have inside the proton…? angular momentum 🥳
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Proton spin :  [quark cont. + gluon cont. + angular momentum]Sz =
1
2

~ 30% ~ 40%

Materials from Itaru

???

Bottleneck : L = r x p
One has to measure both components simultaneously 😲
Unless a hermetic detector and clean final state available to have a 
good control of kinematic → EIC 🥳 (> 10 years from now)
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sPHENIX : let’s do some valuable tests on this motion! 
The gluon orbital motion measurements of proton!
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`Gluon orbital motion measurements of proton
• The production difference between different  polarities is slightly different (~ 10%)

• Best way to suppress the detector effect: having bunches with different polarities in 

single beam (run) injection

• Bottleneck ? Good timing resolution to well separate events is MANDATORY! 

• 15 kHz collision rate ~ 600 BCO no worry ? NO! It’s possible the collision happens in next 

bunch crossing → 1 bunch-crossing timing resolution is ESSENTIAL! → INTT! 

11
Materials from Itaru

- INTT has a unique role in the sPHENIX

tracking system being the only detector with 

sufficiently fast time response to be able to 

associate individual tracks and events.

Mass Resolution

Y(1S,2S,3S) à e+e-

Tracking System: MVTX+INTT+TPC 

- Charged Tracking in sPHENIX:

• MVTX provides vertexing

• TPC provides p-resolution

• INTT provides matching
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`Gluon orbital motion measurements of proton
• Orbital angular motion : correlated with Sivers function


• Bottleneck: most of the experimental results were able to be described by initial-state 
(Sivers) and final-state (Collins) → not sensitive enough


•  production: gluon-gluon fusion and  annihilation → Unpolarized at the 
leading order → final-state effect is suppressed


• TSSA : , a smart way to suppress the detector systematic uncertainty


• Challenges :  tagging, low production rate, streaming readout required 

D0 and D̄0 qq̄

AN =
dσ↑ − dσ↓

dσ↑ + dσ↓

D0 and D̄0
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`

• sPHENIX statistical projection with run 24 proton proton collision (assuming 28 cryo-
week scenarios)

Gluon orbital motion measurements of proton

13

Phys. Rev. D 107, 052012
sPH-HF-2021-001
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`EIC - the curtain call of proton spin crisis
• Will re-measure quark contribution

• Will re-measure gluon contribution (second order contribution)

• Will measure orbital angular momentum (L = r x p)

→ One has to measure both at the same time


• Will precisely measure the proton radius ? 
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EIC : use electron as a probe (if you believe 
that electron is a fundamental particle)

Quark Gluon Angular 
momentum

Or to be continued….?
庵野秀明, et al.: Evangelion, episode 26, 世界の中⼼でアイを叫んだけもの  (1996)



Back up
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