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Highlights of this talk:

» sPHENIX science mission & core physics program
* sPHENIX detector & beam use proposal

* Projected results & construction update

Parallel sPHENIX talks in previous days:

* Future Cold-QCD Physics Program with sSPHENIX (Jin Huang)
¢ sPHENIX Heavy Flavor Overview (Cameron Dean)
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sPHENIX Science Mission

The goals of experiments at RHIC and the
LHC as a result of the 2015 Long Range
Plan for Nuclear Science are two-fold :

To map the QCD phase diagram with
experiments planned at RHIC

To probe the inner workings of
quark-gluon plasma (QGP) by
resolving its properties at shorter and
shorter length scales

LONG RANGE PLAN
for NUCLEAR SCIENCE
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sPHENIX Science Mission

The goals of experiments at RHIC and the
LHC as a result of the 2015 Long Range
Plan for Nuclear Science are two-fold :

To map the QCD phase diagram with
experiments planned at RHIC

To probe the inner workings of
quark-gluon plasma (QGP) by
resolving its properties at shorter and
shorter length scales

TR = A state-of-the-art jet detector called
The 2015 sPHENIX is under construction to

LONG RANGE PLAN elucidate properties of the QGP at
for NUCLEFAR SCIENCE shorter and shorter length scales
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sPHENIX Collaboration

Members from around the world
gathered around a common science goal
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sPHENIX Core Physics Program

Jet correlation &

substructure Guided by the science mission, sSPHENIX
Vary momentum/ aims to :
angular probe the QGP in different ways :

ize of prob
size ot probe m Vary probe’s momentum and angular

scale
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sPHENIX Core Physics Program

Vary mass/ Guided by the science mission, sSPHENIX
momentum aimsto :
of probe probe the QGP in different ways :
g m Vary probe’s momentum and angular
scale
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sPHENIX Core Physics Program
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sPHENIX Core Physics Program

Vary temperature
of QCD matter

Guided by the science mission, sSPHENIX
aims to :

probe the QGP in different ways :

m Vary probe’s momentum and angular
scale

m Vary probe’s mass and momentum
m Vary probe’s size

m Cold QCD physics : transverse
single spin asymmetries (TSSAs)
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sPHENIX Detector Overview

Calorimetry
m Outer Hadronic Calorimeter (oHCAL)
= Inner Hadronic Calorimeter (iHCAL)
m Electromagnetic Calorimeter (EMCAL)
Magnet

m 1.4T superconducting solenoid used
by the BaBar experiment

Tracking
m Time Projection Chamber (TPC)
= Intermediate Silicon Tracker (INTT)
= MAPS-based Vertex Tracker (MVTX)
Performance

m High data rate : read out rate of 15
kHz for all subdetectors

m Acceptance : hermetic coverage over
full azimuth & pseudorapidity |n| < 1.1
for the tracking & calorimeter systems

OUTER HCAL
SC MAGNET

INNER HCAL

MAPS

ENDCAP
FLUX RETURN
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sPHENIX Tracking System

MVTX : high resolution vertexing
= 3 layers of Monolithic Active Pixel
Sensors based on ALICE ITS-II
= Nearest to the collision point, spatial
resolution of 5 yum for tracks with
pr >1GeV
INTT : pileup event separation
m Silicon strip detector surrounding the
MVTX

m Associates fully reconstructed tracks
with the event that produced them

TPC : momentum measurement [wve | [T
= Compact (r = 80 cm) & main tracking

element fl"ed Wlth Ne_CF4 gaS mixture [ 23cm<r<39cm ‘ 6cm<r<i12cm ‘ 20cm<v<;8cm
m Ungated, with GEM-based read out,
spatial resolution of < 200 um ol 1OWA STATE

UNIVERSITY
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sPHENIX Tracking System

MVTX : high resolution vertexing

= 3 layers of Monolithic Active Pixel
Sensors based on ALICE ITS-II

= Nearest to the collision point, spatial
resolution of 5 pm for tracks with
pr >1GeV

INTT : pileup event separation

m Silicon strip detector surrounding the
MVTX

m Associates fully reconstructed tracks
with the event that produced them

TPC : momentum measurement

Open heavy flavor measurement

= Compact (r = 80 cm) & main tracking  The MVTX higher resolution, read out rate, and
element filled with Ne-CF, gas mixture larger acceptance compared to previous RHIC

= Ungated, with GEM-based read out, detectors will enable a state-of-the art open heavy
flavor program at RHIC

spatial resolution of < 200 um S -
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sPHENIX Calorimeter System

Hadronic calorimetry

m First at RHIC (at mid-rapidity)

m Plastic scintillating tiles + tilted steel plates
with embedded WLS fibers (cHCAL) ;
scintillating tiles + Al plates for the iHCAL OUTER HCAL

= Overall tile segmentation of
An x A¢p ~ 0.1 x 0.1

Electromagnetic calorimetry
= Scintillating fibers in tungsten and epoxy

m High segmentation for HlI collisions :
An x A¢ =~ 0.025 x 0.025

= Good energy resolution : og/E < 15%/VE

INNER HCAL
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sPHENIX Calorimeter System

Hadronic calorimetry

m First at RHIC (at mid-rapidity)

m Plastic scintillating tiles + tilted steel plates
with embedded WLS fibers (0HCAL) ;
scintillating tiles + Al plates for the iHCAL

= Overall tile segmentation of
An x A¢p ~ 0.1 x 0.1

Jet measurement

= The large hadronic calorimeter
acceptance (full azimuth &
pseudorapidity || < 1.1) enables
unbiased selection (& triggering in

Electromagnetic calorimetry p-+p) for jets
m Scintillating fibers in tungsten and epoxy u Improves jet resolution & extends the
= High segmentation for HI collisions : range for high pr single hadron
An x A¢ =~ 0.025 x 0.025 measurements

= Good energy resolution : og/E < 15%/VE
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SPHENIX 3-Year Run Plan

sPHENIX Beam Use Proposal (BUP) sPH-TRG-2020-001, August 31, 2020.

Year | Species| /Synv Cryo Physics| Rec. Lum. |z| <10 cm Samp. Lum.

[GeV] Weeks | Weeks |z] <10 cm
2023 Au+Au | 200 | 24 9(13) | 3.7(5.7) nb~! 4.5(6.9) nb—"
(28)
2024, ptpt 200 | 24 12 0.3 (0.4) pb~" [5kHz] 45 (62) pb—!
(28) (16)

4.5(6.2) pb~1 [10%-str]
2024| pT+Au | 200 | — 5 0.003 pb~1 [5kHz] 0.11 pb~1
0.02 pb~" [10%-str]

2025 Au+Au | 200 | 24 205 | 13(15) nb—" 21 (25) nb— 1
(28) | (24.5)

Year 1 (2023) :
m Commissioning high multiplicity Au+Au run
= Measurement of standard Au+Au candles at RHIC
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SPHENIX 3-Year Run Plan

sPHENIX Beam Use Proposal (BUP) sPH-TRG-2020-001, August 31, 2020.

Year | Species| /Synv Cryo Physics| Rec. Lum. |z| <10 cm Samp. Lum.

[GeV] Weeks | Weeks |z] <10 cm
2023 Au+Au | 200 | 24 9(13) | 3.7(5.7) nb~! 4.5(6.9) nb—"
(28)
2024, ptpt 200 | 24 12 0.3 (0.4) pb~" [5kHz] 45 (62) pb—!
(28) (16)

4.5(6.2) pb~1 [10%-str]
2024| pT+Au | 200 | — 5 0.003 pb~1 [5kHz] 0.11 pb~1
0.02 pb~" [10%-str]

2025] Au+Au | 200 | 24 205 | 13(15) nb—" 21 (25) nb—"
(28) | (24.5)

Year 2 (2024) :
m Commissioning p+p
m pt+p’, pT+Au : Hl reference set and cold QCD
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SPHENIX 3-Year Run Plan

sPHENIX Beam Use Proposal (BUP) sPH-TRG-2020-001, August 31, 2020.

Year | Species| /Synv Cryo Physics| Rec. Lum. |z| <10 cm Samp. Lum.

[GeV] Weeks | Weeks |z] <10 cm
2023 Au+Au | 200 | 24 9(13) | 3.7(5.7) nb~! 4.5(6.9) nb—"
(28)
2024, ptpt 200 | 24 12 0.3 (0.4) pb~" [5kHz] 45 (62) pb—!
(28) (16)

4.5(6.2) pb~1 [10%-str]
2024| pT+Au | 200 | — 5 0.003 pb~1 [5kHz] 0.11 pb~1
0.02 pb~" [10%-str]

2025] Au+Au | 200 | 24 205 | 13(15) nb—" 21 (25) nb—"
(28) | (24.5)

Year 3 (2025) :
m Very large Au+Au heavy-ion set for jet and heavy flavor physics
= 141 B events recorded in total
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SPHENIX Probes : Jets and Photons
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(left) Projected total yields for jets, photons and charged
hadrons in 0-10% Au+Au events and p+p events

(right) corresponding Raa projections

[BUP] sPH-TRG-2020-001

m 2023-2025 data taking will have kinematic reach out to ~ 70 GeV for jets,

and =~ 50 GeV for hadrons and photons

= The kinematic reach will resolve varying theoretical prediction for Ra4 at higher pr . STATE

ERSITY
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sPHENIX Probes : Jet Correlations and Substructure

= 4r T T T T R T T T T T T
z\>§ E SPHENIX Projection ER: SPHENIX Projection, Years 1-3
2 S5C JEWEL 220, T =260 Mev 12 10— JEWEL 220, T =260 MeV =
= 3 Years 1-3, pl > 30 GeV B e pf‘>40 GeV, z,, =01, =0 ]
= £ m 62pb’samp. p+p 1=z - —— " pip 1
2.5 o 32nbsamp. Au+Au (0-10%) + = i ® Au+Au (0-10%) i
Py 3 L == 1
E B —
£ 3 —_—
15 —0—'—0—+=+= = 1= ——
1; —— _+_ e _+_ é F — 3
o 55 -~ —— E N T —— ]
E e —+ - E i b
ok e . i I o =| | I | | I ! !
0 0.2 0.4 0.6 0.8 1 1.2 14 0.1t 015 02 025 03 035 04 045 05
Photon+Jet Xy, Jet z,

(left) Statistical projections for the jet-to-photon pr balance
for photons with pr > 30 GeV

(right) subjet splitting fraction for jets with pr > 40 GeV
[BUP] sPH-TRG-2020-001

|
m Large sample of physics objects (above a pr threshold) will enable the study of jet
internal structure and photon+jet correlations

= The large data set allows for highly differential high pr observables STATE
ERSITY
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sPHENIX Probes : Upsilon Spectroscopy
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(right) corresponding py dependence

[BUP] sPH-TRG-2020-001

|
m Clear separation of T states allows for comparison between RHIC and LHC
measurements

= Crucial measurement, since the temperature profiles from hydrodynamic . STATE
calculations show important differences with collision energy ERSITY



sPHENIX Probes : Upsilon Spectroscopy

<
= r SPHENIX Projection  Au+Au, Years 1-3 LR I M I I
* Y(15) 62 pb'trig. p+p 1600
T " (29 21 nb” rec. AutAu
N ... Strickland Bazow, NP As79 (2012)25 | __ 1400 ) )
08 o sPHENIX Simulation
r T = 1200 0-10% Au+Au Vs = 200 GeV
Lo ™ T~y e g 24 billion events
L 1000
o 3 o(1s) = 100 MeV
EoosNC T, = 800 ;
0a- P pp Ilne.shap
E e, S 600 i normalized to
[ dmyS=1 e T S b 2 v
02 _smys=2 e W 400 1S
b 4mys=3 R
Cloww bl b b Lo Lo vaa Ly
0 0 50 100 150 200 250 300 350 400 200

art

s e Lea o Lo Lo LS
% 8 9 10 11 12

13

(left) Projected statistical uncertainties for the Raa of . - A
theT'(1S) and T(2S) states as a function Npgrt Mass(e’e) [GeV/c"2]
(right) corresponding py dependence

[BUP] sPH-TRG-2020-001

m Clear separation of T states allows for comparison between RHIC and LHC

measurements
= Crucial measurement, since the temperature profiles from hydrodynamic . STATE
calculations show important differences with collision energy ERSITY
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sPHENIX Probes : Open Heavy Flavor
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(left) Projected statistical uncertainties for nuclear mo-
dification factor R4 measurements of non-prompt and
prompt D° as a function of py in 0-10% central Au+Au
collision

(right) corresponding v» projections in 0-80% centrality
[BUP] sPH-TRG-2020-001

= High precision and data rate will allow for studies of mass-dependent energy loss
and collectivity in the quark-gluon plasma STATE
ERSITY
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sPHENIX Cold QCD Program
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(left) Projected statistical uncertainties for the midrapidity
direct photon TSSAs compared to theoretical calculations
(right) corresponding D° measurement

[BUP] sPH-TRG-2020-001

= The photon and D° spin asymmetry measurements have deep connections to
nucleon partonic structure

sPHERIX gy IowWA STATE
UNIVERSITY

Ejiro Umaka on behalf of sSPHENIX Collaborati Report from sPHENIX Virtual, June 8-11, 2021 14/23



sPHENIX Cold QCD Program
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(left) Projected statistical uncertainties for the midrapidity
direct photon TSSAs compared to theoretical calculations
(right) corresponding D° measurement

BUP] sPH-TRG-2020-001

m Jet TSSA measurement at SPHENIX will be complementary to future jet TSSA
measurement at the EIC, allowing for a fundamental test of QCD factorization in
p+p and e+p interactions
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sPHENIX timeline
CD-0

2010 ) ~
SPHENIX proposed as upgrade / replacement of PHENIX Test beam o d
Final  HCal. EMCal (mission need)
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2012 Full BaBar magnet Collaboration e CD-1/3a
arrives from formed e
roposal SLAC (begin final
design, place
201 2016 long lead-time
9.\ procurements)
March 2019 2018
——|—
Sent Approved CERN V% Test beam
P experiment @ EMCal Today!
2019 RHIC20 ,w® _
years S — End of
_ Construction of detectorsy c'onstruction

PD2/3 (review

complete)

Beam-use
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2020
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IE Outer Hadronic calorimeter
: s ©  OHCAL sectors complete at BNL!

- issmmme ;  Empty tiles rack
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Inner Hadronic calorimeter

+ iHCAL sectors at TSI in Ames

+ First 8 sectors ships to BNL next week!
+ Tiles already at BNL
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Time Projection Chamber
+ Outer field cage Kapton application
s R1 pad plane complete at SBU

» Wagon Wheel w/ R1, R2, R3
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1st sSPHENIX component Installed in sPHENIX Hall, 5/27/21

Ejiro Umaka on behalf of sSPHENIX Collaboration Report from sPHENIX Virtual, June 8-11, 2021 20/23



1/4 of the sSPHENIX cradle now mounted as of a few days ago
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Summary

SPHENIX will perform at :

= High rate, large acceptance, precision tracking and
dedicated EM and hadronic calorimeter systems

Y
spHE(Ix ) [OWA STATE
UNIVERSITY

Ejiro Umaka on behalf of sPHENIX Collaboration Report from sPHENIX Virtual, June 8-11, 2021 23/23



Summary

SPHENIX will perform at :

= High rate, large acceptance, precision tracking and
dedicated EM and hadronic calorimeter systems

sPHENIX will enable very high precision measurements of :

= Jet correlations & substructure, open heavy flavor,
T spectroscopy, at unprecedented kinematic range
at RHIC
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Summary

SPHENIX will perform at :

= High rate, large acceptance, precision tracking and
dedicated EM and hadronic calorimeter systems

sPHENIX will enable very high precision measurements of :

= Jet correlations & substructure, open heavy flavor,
T spectroscopy, at unprecedented kinematic range
at RHIC

sPHENIX aims to meet science mission goal of :

= Probing the microscopic nature of the quark-gluon
plasma
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Summary

SPHENIX will perform at :

= High rate, large acceptance, precision tracking and
dedicated EM and hadronic calorimeter systems

sPHENIX will enable very high precision measurements of :
= Jet correlations & substructure, open heavy flavor,

T spectroscopy, at unprecedented kinematic range
at RHIC

sPHENIX aims to meet science mission goal of :

= Probing the microscopic nature of the quark-gluon
plasma

" . . 0 .
u First data taking begins in 2 years! SPHE@ JOWA STATE
UNIVERSITY
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Summary

SPHENIX will perform at :

= High rate, large acceptance, precision tracking and
dedicated EM and hadronic calorimeter systems

sPHENIX will enable very high precision measurements of :

= Jet correlations & substructure, open heavy flavor,
T spectroscopy, at unprecedented kinematic range
at RHIC Thank you'!

sPHENIX aims to meet science mission goal of :

= Probing the microscopic nature of the quark-gluon
plasma

" . . 0 .
u First data taking begins in 2 years! SPHE@ JOWA STATE
UNIVERSITY
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