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SPHENIX Science Mission

2015 NP LRP

https://inspirehep.net/literature/1398831

There are two central goals of measurements planned

at RHIC, as it completes its scientific mission, and at the
LHC: (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
complementarity of the two facilities is essential to this
goal, as is a state-of-the-art jet detector at RHIC, called
sPHENIX. (2) Map the phase diagram of QCD with

.| experiments planned at RHIC.
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LONG RANGE PLAN
for NUCLEAR SCIENCE

2015 US NP LRP
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SPHENIX recognized by the U.S. Nuclear Physics
community as the essential tool for QGP
microscopy at RHIC.
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https://science.osti.gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf

SPHENIX Science Mission

> SPHENIX is a new state-of-the-art detector
SPHENIX

constructed 2015/2023 at BNL/RHIC. Run/Event: 21615 / 1362

Collisions: Au + Au @ +/syy = 200 GeV |
Peripheral Collision ‘

> It was commissioned and took first Au+Au collisions
data in the RHIC Run-2023:

- First full calorimeter jets observation at RHIC

» Fundamental questions on the nature of the QGP,
including its coupling strength and temperature
dependence, by using precision jet and upsilon

measurements probing different length scales of QGP.

IHCal
> With the increased RHIC’s luminosity, sPHENIX will perform EMCal

high statistics measurements extending the kinematic reach P1.=24GeV,Pq,=19 Gev
at RHIC to overlap the LHC's.

Rachid Nouicer SQM 2024 3



Pillars of sSPHENIX Scientific Program @

Courtesy of Misaki Ouchida

Quarkonium spectroscopy

'r(zs)

Detector design, computing effort and run schedule focused on these physics goals
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Run Plan to Achieve Physics Goals

» Run-2024: transversely polarized p+p running, with a few options for short Au+Au running:

- finish commissioning, ColdQCD p+p program,
crucial reference data for AA program

» Run-2025: high-luminosity Au+Au running measurements of jets and heavy flavor observables with
unprecedented statistical precision

Year Cryo-weeks Species Goal

2023 11.5 Au+Au Start of commissioning

2024 o5 p+p (at least 19 weeks) Finish commissioning,
Au+Au reference data & ColdQCD

High-statistics jet and heavy-
2025 28 Au+Au flavor QGP probes
p+Au, p+p
2026 28 0+0, Ar+Ar Small systems
2027 o8 Additional unique sPHENIX

opportunities!
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SPHENIX Detector spHeflix

sPHENIX has a large-acceptance, high-rate detector optimized to measure jet and heavy quark physics in HI collisions by
incorporating Hadronic and EM Calorimetry, a Time Projection Chamber, a Micromegas detector, Silicon Strip and Pixel
detectors, Event Plane detector, plus Trigger detectors with a high rate DAQ/Trigger and a 1.4 T solenoidal magnetic field.
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First hadronic calorimeter at [Pt
RHIC for |et measurements ) :
J \ VY388 1.4T Superconducting solenoid

iHCAL
' EMCAL
SEPD ,
Vi%az Continuous readout & — [NTPC
TPC (15kHz+)
MinBIAS

State of the art 3-layer
MAPS micro vertex detector

Event characterization
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___—" OoHCAL - Many sub detectors work together
Reject mis-reconstructed tracks |

' ;" for any given measurement
\ MAGNET T —

iIHCAL

EMCAL | Vertex disambiguation
SEPD Fast time response = 60 ns
MVTX Momentum determination eSS ey /-1s
MinBIAS

\ Primary vertex location

Event characterization

Example: Méasuring charged hadron Raa SRS




Hadronic Calorimeters (HCal = oHCal + iHCal) serelix

n L

— \. Calorimetry has become a
Outer well-understood, powerful, and versatile
HCAL :
measurement method, and fits perfectly
to achieve sPHENIX physics goals.
Inner HCAL %

EMCAL

» OHCAL steel (IHCal aluminum) and scintillating tiles with wavelength shifting fiber

* Quter HCal (outside the solenoid) and Inner HCal (inside the solenoid)

Magnet ~0.31A, « 1,536 readout channels each

> SiPM Readout

> Uniform fiducial acceptance: -1.1<n<1.l1and 0<p <2 x

IHCal =~ 0.25\
EMCal ~18X,~0.7A,
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ElectroMagnetic Calorimeter (EMCal)

» Blocks made of tungsten-powder/epoxy composite encasing ~ 2500

scintillating fibers/block

» Aluminum support mechanics

» Sectors and blocks are approximately projective and tiled in n and (I)

Electromagnetic calorimeter covering £ 1.1 inm and 2t in ¢

4x24=96 Modules Sector are supported

=1 Sector

off the Inner HCAL

EMCal |n%§1;

T

24 Modules in Z

EMCAL
Sector

1 Module =1 Block
with 2x2 towers
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(~ 900 Ibs)

)

2500 scintillating fibers/block
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Calorimeters (HCal+EMCal): Performance Plots ==

/tQFi\& sPHENIX Experiment at RHIC
. ) Run/Event: 21615/ 1362

SPHE ?’{éa%/«g Collisions: Au + Au @ VSy\ = 200 GeV
-}“c_"‘_.ﬁV

P.,=24GeV,P,=19GeV

SPHENIX

Run/Event: 21615/ 1362

Collisions: Au + Au @ /Syy = 200 GeV
Peripheral Collision

['n'v] A84au3
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First full calorimeter jets observation at RHIC
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Time Projection Chamber (TPC)

TPC Assembly

.‘,\
=

72 modules !
3(z), 12(¢), 3) OperAted@ lowIBF il

”Catho‘dé Wedge”

» TPC serves as the main tracking detector of the sSPHENIX experiment,

Determine charged particle momentum

Operated in continuous readout mode using Gas-Electron Multiplier (GEM) avalanche
Charge Field cages are Kapton-carbon fiber

Internal chamber volume is filled with Ar-CF4 60/40 gas (4 m? gas volume)

ASIC modified SAMPA chip from ALICE

vV V YV VYV VY
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Time Projection Chamber (TPC): TPC only

RHIC Run-24: p+p at 200 GeV 00 IR 0512872024
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Time Projection Outer Tracker (TPOT)

and the EMCal subdetectors. TPOT consists of 8 identical modules.

TPOT’s function is to provide tracking distortion correction information for the TPC

07/11/2023
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>
»  TPOT has approximately 8% coverage of the TPC acceptance
»  TPOT utilizes the same electronics as the TPC: SAMPA chips
»  TPOT Gas mixture used is Argon/lsobutane 95/5.
TPOT vs INTT 07/11/2023 " TPOT vs MBD
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TPOT are made from thin gas detectors called Micromegas and its located between the TPC
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INTermediate silicon Tracker (INTT) =Pl

> Two layers of silicon strip detector with acceptance: [n| < 1.1 and ¢ = 27
» Fast time response of 60ns allowing to readout collisions each data from each single RHIC’s
beam bunch-crossing and suppress event-pileup background.

” e y - 5% N ~u,
P s —— s
s & - o - > ;\\ X | 3 ; -~

SN INTT inserted KR

N INRRY
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INTermediate silicon Tracker (INTT)

> Two layers of silicon strip detector with acceptance: [n| < 1.1 and ¢ = 27
» Fast time response of 60ns allowing to readout collisions each data from each single RHIC’s
beam bunch-crossing and suppress event-pileup background.

[V - AR | N INTT/SPHENIX
/ e e Aty poster #157 by
‘ VY - ' INTT vs TPOT 0° Jaein HWang
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Monolithic active pixel VerTeX detector (MVTX)

» The MVTX is a 230M channel, 3-layer MAPS-based pixel detector
» The MVTX is a copy of inner 3 layers of the ALICE ITS w/ a custom design of service supports to meet SPHENIX needs
» Staves and Readout Units produced at CERN w/ participation from sPHENIX collaborators

06/27/2023
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Min Bias Detector (MBD)

Consists of two arms with 64 channels each

3 cm thick quartz radiator on mesh dynode PMT
Pseudo-rapidity range of [3.51, 4.61]

Used as trigger and for z-vertex determination
used for centrality determination

used for event plane determination in run 2023

Ratio Real Data / Monte Carlo

MBD Vertex Distribution

0.8

0.6

Min-Bias Trigger Efficiency of 92%
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MBD Charge Distribution: centrality 08/30/2023 9000 July 28, 2023
L L B A B L E 3]
T = SPHENIX Preliminary Beam ]
¢ Real Data SPHENIX Freliminary = 8000F *° _ B
—}— Glauber + NBD Fit Au+Au ifs,, =200 GeV | E AuvAu VS = 200 GeV crossing ]
. 7000 angle =
10° — £ ]
3 6000 zmr 3
- 5000:, c=8.4cm E
10 — F
4000 3
1 t 3000 =
1] 2000 =
0 1500 = .
MBD Charge N+5 1 000; J L é
R R T B | PR R |
| L A | 7800 -200 -100 0 100 200 300

MBD z-vertex [cm]

SQM 2024

<
B

e
~(\7\ (.A
ST

MBD Event Plane B

1

: SPHENIX Preliminary
0.8-Aut+Au |sy, = 200 GeV

06

R(y_) in MBD (combined arms)

0.4/ .
R [ 0g 9000 t000?
‘ ; 5 000 0’0.00009 ot ..‘% 5 +
+ 0 | \
0.2‘. 3 *+++++. N\
I ] .
ot * + Ol
% 500 1000 1500 2000

Total MBD Charge

19



sPHENIX Event Plane Detector (sEPD)

» The sEPD is comprised of two scintillator disks
» 12 sectors/disk each subdivided into 31 tiles
»  Covers both forward & backward rapidity region in 2.1<|n|<4.9
» Total 744 channels with 16 segments in n and 24 in ¢
» Essential role for event plane determination w/ high resolution
g4000 | ‘ ‘ . | ‘ I071‘2|8;’23
S SPHENIX Preliminary
3 Au+Au \s,,, = 200 GeV
3000 -
no ch-by-ch
2000
g [
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Prospects for Heavy Flavor Physics in sPHENIX

Expectations from sPHENIX Beam Use Request (BUP)

5. Simulation ., Simulation high-py
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For more details see sSPHENIX contributed talk by Huan Huang on 6/5/24 at 11:40 pm
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Fast Data Processing: Tagging with machine learning

Intelligent experiments through real-time AI: Fast Data Processing and
Autonomous Detector Control for sSPHENIX and future EIC detectors

A proposal submitted to the DOE Office of Science

»  Embed ML algorithms on FPGAs

» Stream MVTX and INTT to FPGAs and determine if HF event
Is present through topology

»  Send tag downstream to readout TPC ML model dev.

Offline training and
domain adaptation
(GAN) for data/MC | €

»  Allows us to sample remaining 90%
of collisions

arxXiv 2103.05579 T

|
FELIX card (712) on server for FW testing ( j Vl
: sPHENIX
- ) .z", 'Y
o — = » . MVTX (Si Pixels)

Online
INTT (Si Strips) buffer

Trigger signal

TPC I

For more details see sPHENIX contributed talk by Huan Huang on 6/4/24 at 4:30 pm
Rachid Nouicer SQM 2024 22



https://arxiv.org/abs/2103.05579

First Physics Results from sPHENIX at RHIC
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First Physics Measurements in Aut+Au: 7’v, versus Centrality

Using commissioning data ~ 5 M events from Run 2023 with EMCal
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mass peaks at different centrality classes
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and MBD to measure 7°v,
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First Physics Measurements in Aut+Au: 7’v, versus Centrality ﬁ

Using commissioning
data ~ 5 M events from
Run 2023 with
EMCal and MBD

to measure v,

Rachid Nouicer

m%v, as a function of centrality
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For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm

SQM 2024 25




First Physics Measurements in Au+Au:

Using commissioning data ~ 249k events from Run 2023 with EMCal+IHCal+OHCal+MBD to measure %
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—T distribution in each calorimeter subdetector
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For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm
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First Physics Measurements in Au+Au: @

Using commissioning data ~ 249k events from Run 2023 with EMCal+IHCal+OHCal+MBD to measure %
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Presented are SPHENIX centrality intervals from
preliminary centrality calculations which will be

_ngﬂﬂw 1| updated before finalizing centrality selections

and reporting quantities like <N,>
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M

For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm
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|
Summary @

SPHENIX presents first physics measurements using commissioning data from RHIC Run-23:

- Full set of current and future sPHENIX results: https://www.sphenix.bnl.gov/PublicResults

- Only approved measurements shown today, several papers are in the pipeline for publication

SPHENIX remains focused on science mission established in 2015 Long Range Plan.

SPHENIX is taking spectacular p+p data from RHIC Run-24 (ongoing)

Stay tuned for more results on jet and heavy flavor production coming soon
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