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+ How do we use atomic nuclel to uncover physics
beyond the Standard Model?

These questions are addressed by thousands of nu-
Clear scientists working in experimental, theoretical,
and computational investigations. Anchoring this
world-leading program are the four national usef fa-
cilties, each with unique capabillties for addressing
our science questions: the Argonne Tandem Linac
Accelerator System (ATLAS), CEBAF, FRIB, and the
Relativistic Heavy lon Collider (RHIC). A consor
tium of 13 university-based accelerator laboratories,
known collectively as the Association for Research
at University Nuclear Accelerators (ARUNA) labora-
tories, provide additional capability for cutting-edge

tists in the tools and techniques of nuclear science.
Our work is done in small and large collaborations
across the country, connecting theoretical and ex-
perimental researchers at universities and national
laboratories in a dynamic and exciting enterprise
that leads to scientific discovery. Our progress on
these and other intriguing questions since the last
Long Range Plan-and the many

+ Explaining how data gathered In these endeavors
are connected and consistent through theory
and computation. Nuclear theory motivates,
Interprets, and contextualizes experiments,
opening up fresh research vistas.

Here are the recommendations of the 2023 Long

Range Plan,

RECOMMENDATION 1
The highest priority of the nuclear sclence com-

This recommendation requires

+ Increasing the research budget that advances
the science program through support of
theoretical and experimental research across the
country, thereby expanding discovery potential,

the future—are covered in this plan. We describe
some of the many technological and computational
innovations that drive our field and lead to consider-
able benefits to society. Central 10 this work are the
people: we highlight the process of training nuclear
scientists and how they go on to contribute to our
nation in many areas

Our vision for the future buids on the ongoing,
world-leading US program in nuclear science,
which includes

* Unfolding the quark and gluon structure of visible
matter and probing the Standard Model at the 12
GeV CEBAF facility.

+ Exploring the nature of quark-gluon matter and
the spin structure of the nucleon at the RHIC
facility and through leadership across the heavy
fon program at the Large Hadron Collider (LHC).

and workforce
development to the benefit of society.

+ Continuing effective operation of the national
user facilities ATLAS, CEBAF, and FRIB, and
completing the RHIC science program, pushing
the frontiers of

+ Raising the compensation of graduate
researchers to levels commensurate with
their cost of living—without contraction of the
workforce—lowering barriers and expanding
opportunities in STEM for all, and s0 boosting
national competitiveness.

AR
safe and respectful environment for everyone,
realizing the full potential of the US nuclear
workforce.

Nuclear science is an ecosystem in which facity
i tlabor

+ Making inour
of nuclei and their role in the cosmos through
research at the nation's low-energy user facilities,
ATLAS, the newly constructed FRIB, the ARUNA
laboratories, and key national laboratory
faciliies.

+ Carrying out a targeted program of experiments,
distributed across the United States, that
reaches for physics beyond the Standard Model
through rare process searches and precision
measurements.

ies by postdoc:
and students work together to drive progress on the
forefront science questions discussed above and
throughout this Long Range Plan. A heathy work-
force is central not only 1o these scientific goals but
also o the nation's security, technlogical innova-
tion, and prosperity.

Next, we reaffirm the exceptionally high priority of
the following two investments in new capabilities
for nuclear physics. The Electron-lon Collider (EIC),
10 be builtin the United States, will elucidate the ori-
gin of visible matter in the universe and significantly

Continuing effective operation of the national
user facilities ATLAS, CEBAF, and FRIB, and
completing the RHIC science program, pushing
the frontiers of human knowledge.

RECOMMENDATION 3

We recommend the expeditious completion of the
EIC as the highest priority for facility construction.




Cornerstones of sSPHENIX science program

Strong connection from HIC to EIC: from detector, analysis technique to physics

Jet structure Quarkonium spectroscopy

Y (2S)

Cold QCD Part§ loss
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Hadronic Calorimeter(s)

1.4 T super conducting magnet
Electromagnetic Calorimeter
Micromegas Outer Tracker (TPOT)
Time Projection Chamber (TPC)
Event plane detector (EPD)

M.B. and Event Plane Detectors
Intermediate Tracker (INTT)
MicroVertex Detector (MVTX)

DAQ:
15 kHz calo trigger + 10% streaming
10 GB/s data logging

Jin Huang <jihuang@bnl.gov> SPHENIX Perspective: HIC to EIC 5
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HCal: steel scintillator sampling calorlmeter
 Hadron dE/E ~ 14% + 65%/VE

* 0.1x0.1 towers

* ~5 hadronic interaction length for full calo stack




E
IS' §tem: Inner HCal

Inner HCal: Al-scintillation tile sampling calorimeter
Mechanical support for EMCal + EM-shower tail catcher
+ constraint longitudinal position of hadronic shower

Jin Huang <jihuang@bnl.gov> SPHENIX Perspective: HIC to EIC 7



em: EMCal (same tech. as EIC fECal)

“ e ' . Yoo

EMCal: Scmtlllator Flber Tungsten sampling calo. 3 S;toﬁ‘
* EMAE/E <5% + 16%/VE '
* 0.025x0.025 towers
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) SsPHENIX Experiment at RHIC
Data recorded: 2023-07-16 00:54:00 EST
Run / Event: 21707 / 3194

Collisions: Au + Au @ VS\\ =200 GeV

5P HEQUIX

Au+Au Data
Run23



Run23 commissioning: First
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Analyses of Run 24 data are underway

SPHENIX Preliminary June 7, 2024
p+p 200 GeV

156M Events

P> 1.5GeV, A, <0.6

l«tn/ u, = 0.245 (m,/ m,=0.246)
odu_=0.130

Un/,un =0.105

pairs / GeV

0 7Y roe-
0 010203040506 0.70.80.9
m,, [GeV]
. 1Y and 1 invariant mass distributions

- 0.01% of collected data




2.1 m

sPHENIX Tracking Detectors

Detectors inside the magnet

TPOT
9 Brookhaven
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NWELL NMOS 0S

DIODE TRANSISTOR / ’RANS STOR

e o @L el /l
Precision vertex trackers %

Epitaxial Layer P-

Diameter ~ 8 cm

» MVTX: MAPS based vertex tracker, 3 layers

o Using staves from ALICE ITS2 upgrade

> ALPIDE chip, 30um pitch, Low mass (~0.3% X,)

o 5um position resolution, 5-10us integration time

o Technology foundation to the EIC SVT main tracker
» INTT: silicon strip tracker, 2 layers

| Brookhaven o 78 um pitch, provides timing tag resolving bunch crossing
) National Laboratory

Jin Huang <jihuang@bnl.gov>
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Precision vertex trackers P
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» MVTX: MAPS based vertex tracker, 3 layers
o Using staves from ALICE ITS2 upgrade

- 'ﬁ 'ﬂ'];- HH
:-lﬁL E-:H'F ! e , :- 107" o ALPIDE chip, 30um pitch, Low mass (~0.3% X,)

1000 2000 3000 4000 5000 o 5um position resolution, 5-10us integration time
o Technology foundation to the EIC SVT main tracker

» INTT: silicon strip tracker, 2 layers
o 78 um pitch, provides timing tag resolving bunch crossing

INTT Number of clusters
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’ sPHENIX Tracker
2023-08-23, Run 25926 - All EBDCs, BCO 128330850911

L)
0-ield Cosmics Data osmic Data, B=
Linear fit to MVTX, INTT, and TPOT hits n] '

sPHEQRU X

\




’ sPHENIX Time Projection Chamber

100 Hz ZDC, MBD Prescale: 2, HV: 4.45 kV GEM, 45 kV CM, X-ing Angle: 2 mrad
2023-06-23, Run 10931 - EBDCO03 reference frame 43

Au+Au sqrt(s_{NN})=200 GeV

SPHERIIX




) sPHENIX Tracking
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Commissioning challenges and solutions

SPHENIX is a major new collider detectors, and
naturally there are challenges. Collaboration/Lab FU——
came together resolving them expediently Prominent spHe@:,‘:f:::;;’?;;‘,;t‘p:;?::;f:‘;;;’,;f

1.4 T Magenetic Field

examples:

Run23 AuAu commissioning was cut short due to
RHIC magnet failure
—> moved 6-week commission time to Run24

MAPS silicon tracker experience beam background
that was distinct from ALICE run at LHC
—> Firmware and hardware protection, beam

background feedback to RHIC 2 >

Quite Relevant experience for EIC

TPC experience beam background that leads to
frequent gigantic ionization (>1000MIP) that leads to
GEM discharge and damage

— Approval and installation of Isobutane-gas mixture. Physics
operational last week!

Special run
Detecting >1000 MIP beam bgd hits
100% streaming data

4
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sPHENIX MBD events equivalent
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1zIl<10 cm; Calo. & MVXT,INTT
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Photon/Jet Trigger Sampled = 12.4 pb™
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—— ——  Streaming (MVTX,INTT,TPC,TPOT) = 0.10 pb™

7

End of calo. commissioning
Start of (calo+silicon)
physics operation

et

07-05:07 07-19:05  08-02:03

0

-

08-16:01

D=-103rvo-14rvo-15rvo-1trvo-12rvo-18rvo-1t9rvo-A0rvo-4A tirvo- A4

Cryo-17
=

sPHENIX MBD events equivale

.

]

&

g

&

8

—
o

-
o

o

pp, +1.5 mrad

D=-AIVO-24rvo-4Aarvo-20

Calorimeter program
exceeding Run24
project. Lumi
(Photon, Jet)

3
w

Full tracking commissioned
Started physics run exactly
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Streaming readout electronics

* sPHENIX plan to streaming rec. 10% p+p collisions in hybrid streaming DAQ (achieved last week!)

— 2-3 orders of magnitude increase in soft-HF statistics
e EIC physics leads to the plan to use 100% streaming in EIC Detectors

SPHENIX streaming DAQ for tracker

Exp. HaII: Timing [«
FEE |+
FEE [+
FEE |+ Global Timing
FEE |+ Module
(NSLS 11/sPHENIX)
o lﬁp‘i.‘lif.?n'k‘i'?f:f'&”f}'x Receiving from RHIC RF
I IDAQ room low glitter clock source

MVTX RU, 200M ch INTT ROC, 400k ch  TPC FEE, 160k ch  BNL-712 / FELIX v2 x38 (ATLAS/sPHENIX)
ALPIDE (ALICE/sPHENIX), FPHX (PHENIX) SAMPAVS5 (ALICE/sPHENIX) FELIX Ref: 10.1109/tim.2019.2947972

23


https://doi.org/10.1109/tim.2019.2947972

(w2) A

100

sPHENIX TPC simulation
p+p. Vsyy = 200 GeV 4MHz

26.21us

-100




Streaming-DAQ enabled scientific connection:
e.g. gluon dynamics via heavy flavor transverse spin asym.

Universality test on gluon Sievers

< »

sPHENIX D9 trans. spin asymmetry, A= Gluon Sievers via tri-g cor.  EIC SIDIS D° transverse spin asymmetry - Gluon Sievers

Simulation
<Z B \ \ \ ‘ ‘ ‘ L L B L I A \: ’__E_@ . r r é V | | : : : :
0.03 SPHENIX Projection, p+p—D%/D +X, P=0.57 < erploxarsGe Projected Luminosity 100 o'
- —e— 6.2 pb’str. p+p, Years 1-3 «10% Streanting DAQ < 0.05 Det.Matrix PID
002 —e— 86 pb str. p+p, Years 1-5 <100% Streaming DAQ
- Kang, PRD78, ;= 1, =0 .
0.015 s Kang, PRD78, ), = -, = 70 MeV -

-0.01

o
I
1— :
-o-
_()_
|\\I\‘\\\\\
o
II|IIII|IIII|II

"""""""""""""""""""""""""""""""""" ~0.05
........................ Q°>1GeV?
-0.02— ™ ] | | |
Eeov b v b b b b P b by A : : ' ' . . ! L L
0O 05 1 15 2 25 3 35 4 45 5 0 2 4 %
T n kS
[sPH-TRG-2022-001] p, [GeV] e+p >D+D+X
Model: 10.1103/PhysRevD.78.114013 [CNFS HF@EIC workshop, Nov 4-6, 2020]
¢ Brookhaven
National Laboratory Jin Huang <jihuang@bnl.gov> sPHENIX Perspective: HIC to EIC 25


https://indico.bnl.gov/event/9273/

SPHENIX HIC to EIC: ePHENIX concept in 2014

Seminar slides, ~1 decade ago

HIC to EIC was envisioned from the Documented: http://www.phenix.bnl.gov/plans.html

conceptual design stage of sPHENIX, Current PHENIX l SPHENIX (+fsPHENIX) An EIC detector

a decade dgo0 » 14y+ operation » Comprehensive central » Path of PHENIX upgrade leads
100+MS investment upgrade base on BaBar magnet to a capable EIC detector

» Forwa rd upg rade pro posal » Broad spectrum of physics » Rich jet and beauty quarkonia » Large coverage of tracking,

. (QGP, Hadron Physics, DM) physics program calorimetry and PID
arXiv:1501.06197 » 140+ published papers to —> nature of QGP » Open for new

date » fsPHENIX : forward tracking, collaboration/new ideas

» EIC detector proposal » Last run in this form 2016 Hcal and muon ID = Spin, CNM

arXiv:1402.1209

1 \ anb®
= Syyy3F

arXiv:1503.06197 [nucl-ex]

National Laboratory

9 Brookhaven

~2000 2017->2020 ~2025 Time
| RHIC: A+A, spin-polarized p+p, spin-polarized p+A > | EIC: e+p, e+A

26



Evolution of EIC detectors: reusing some of sSPHENIX

ECCE Detector proposal
arXiv:2209.02580

ePIC, the EIC project detector
https://www.bnl.gov/eic/epic.php
See talk: Olga Evdokimov

Electron Direction 1.7T Superconducting Solenoid
Tracking |

Forward Calorimetry
\ .~ AC-LGAD TOF 1 (EM and Hadronic)
\ ;

__ Dual-radiator RICH

’ Brookhaven

National Laboratory


https://www.bnl.gov/eic/epic.php

Bonus: generative Al for simulation and analysis

. . . - Diffusion model (DALL-E 3) hallucinating this very meeting...
» EIC simulation involve generate billions SR ( , ) 8 T YEIY e e

background+noise time frames, then doing
embedding into them |
o This is traditionally computationally expensive

» Generative Al has found success in scientific
fast simulation: GAN, Diffusion, ..

» High fidelity is key to science application:
notice the misspelling on the right

ELECTRON EION CILLIDER EXPEIMENT

EIC CDR

Jin Huang <jihuang@bnl.gov> SPHENIX Perspective: HIC to EIC 28



Our approach: fast simulation with Denoising Diffusion
Probabilistic Model (DDPM)

» Go, Torbunov et. al., arXiv:2406.01602, PRC accepted (yesterday)
» X100 speed gain comparing to G4 (after scaling 32-core CPU for 1x GPU)

» Diffusion model produce much higher quality than GAN models

) 1x1 Tower 4x4 Tower 7x7 Tower 11x11 Tower All Towers
Head-on collision (0-10% Centrality) ) 5 1© ' 10 10 10
— N Centrality 0-10% | ; ;
SSSSSS ‘_“
0
< 0% 02 o2 o
£ \ 0 o W o
- \
< 107 o o \ ".‘I‘; ot
1 0—5 075 0—5 I".I| 0—5
10°F @-HIJING + Geants (o o §o*
1077 GAN o o’ o
1o =—DDPM o - o
; 3
% 2.5 25 2.5 25
T o 2 2 2
g 15 15 1.5 15
1  a 1 !
05 0.5 i 0.5 05
2x107! 1 2 3 4567 2x107 1 2 3456 10 20304x1007 1 2 345 10 2030 3 456 10 20 30 107 2x1 600 800 1000 1200 1400 1600 1800

E, (1x1 tower) [GeV] E, (4x4 tower) [GeV] E, (7X7 tower) [GeV] E, (11x11 tower) [GeV] T E°" [GeV]

T
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https://arxiv.org/abs/2406.01602

S u m m a ry . sPHENIX completed (most) commissioning and started

physics operation
« . Natural connection to EIC: detector, analysis, physics
\\ - Motivated collaborators who also contribute to

o s ePHENIX, ECCE/ATHENA, ePIC (proj. detector)

Questions? \\
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+

Cleanly separate open bottom meson via DCA

79% &
DCA resolution Precision vertex + fast DAQ - large HF sample
— 0.01—————— | - Simulation: 25 minutes of data at 15 kHz collision rate ,.; "
& T E | | - G [ O ) I R LR AL N
o — . ] — = — s Simulation i — X
=0.009F- SPHENIX simulation 3 3 e ey o greeedta - 3
6 0008 :_ 50 kHZ MB AUAU _: 8 E22)<106 min-bias Hijing AuAu events with pile-up gis_-)":})( I:])-E)—> K o+ E
e E E ?% 50 [ 25minutes of data at 15 kHz collision rate Comb. Bkg. s
© 0.007F L d DCAXy — @ = D°p, =4 GeVic -
— ] © L _|
0.006[- » DCA, 4 £ =
= ] 4 -
0.005F | - ° =
[ ] 10 _ |
———— - .
0.004E - -
0003 =+ E o .
0.002 :_ -.i_._ _: = 5: ! ! ! ]
= —— . o : L e s T TN VO T S
0.001F- T el oAttt et ettt et
[ ] 5= L
ob—rv ' ' ] 1.7 1.75 1.8 1.85 1.9 195 2

m(K 7*) [GeV/c?]

g Brookhaven

National Laboratory Jin Huang <jihuang@bnl.gov> sPHENIX Perspective: HIC to EIC 32



Access b-quark suppression/v2 via non-prompt

» Bringing high precision non-prompt-D suppression and flow to RHIC

slower bottom quarks 'B ' 1
(4 f' €
* Probe the mass dependence of quark ~ T \ * Determine the bottom quark collectivity
energy loss in QGP, light > c > b c",;/ . * > clean access to D, at RHIC energy

* Sensitive to pick up collision energy loss

Simulation Slmulatlon

é 1 6 T T T | T T T | T T T | T T T | T T T | T ] >('\,| 0_25 T T T | T T T | T T T | T T T
SPHENIX BUP 2022, 0-10% Au+Au, Years 1-3 SPHENIX BUP 2022, 0-80% Au+Au, Years 1-3

1.4 =
C 6.2 pb'str. p+p, 21 nb ' rec. Au+Au 02 51 b rec. Au+Au, Res(¥,)=0.5 :
120 — B-meson 0.15 = B—D° -
- - B—D"° -
1= ]

C -— Prompt D° 0.1 ~- Prompt D" —
0.8F —n .

e e b b b b b Ly
. ©
o
&)

0.6:—.:" ...ooooooot-}.}**__*\
- 0 } + ¢
0.4 lI ]
- —0.05F -e-eeeee D-meson (fit to STAR PRL118) —
0-2:_ B-meson (m_scaling) .
[ _ | | | | | 1 | | | | | | B
% 2 4 6 ; 10 >b 2 4 6 8 10

p. [GeV] 33
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News from beam use proposal 2020 — hadronization

» STAR and ALICE
collaboration reported
enhanced charm baryon to
meson ratio - challenging
hadronization models

» SPHENIX streaming readout
will deliver firstp + p
measurement at RHIC

» SPHENIX will also map out
the A./D ratio over
momentum dependence

Brookhaven

National Laboratory

/(DD

+_
oA

(A

6

| | | Slirr]ul?tipn

SPHENIX BUP 2022, Years 1-3

—a— 6.2 pb str. p+p
—e— 21 nb'rec. Au+Au, 0-10%
—x— STAR, Au+Au, 0- 20%, PRL124

Tsunghua simul. coal, 10-80%
Tsinghua: seq. coal, 10-80%
Catania; coal only, 0-20%
Catania; coal+frag 0-20%

O
|

TAMU: di-quark 0-5%
.............. TAMU: 3-quark 0-5%
2 - PYTHIA8?CR) ]
B g PYTHIA8 (Monash) -
| S B \/
. O e e e e o B e
% 2 4 6 8 10
p, [GeV]
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D-tagged jets

» Access charm jet and easy background rejection
» Study of heavy-quark initiated jet structure and parton

shower

» Enabled by abundant DO statistics + jet capability

24__'|""|""|""|""_045
oof § SPHENIX Preliminary MC '

E p+p Sy = 200 Ge 0.4

s 18Lp >1.5 GeV/c —0.35

p >7 GeV/c
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N
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—
N
IIIIIIIIIIIIIIIII
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Reco. D%jet p_ (GeV/c)
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Our approach 1/2: Real-time Al algorithm

[Huang et al SC23, DOI: 10.1145/3624062.3625127 arXiv:2310.15026]
» Bicephalous Convolutional Auto-Encoder (BCAE) that

perform data compression and noise filtering in one step

» Validating on (simulated) sPHENIX TPC 3D voxel data
» Paper award in Data Reduction Workshop in SC23

BCAE architecture

Brookhaven

National Laboratory

)
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sPHENIX bottom quark jet

Simulation

SPHENIX BUP 2022
b-jet Anti- k R=0.4, 0-10% Au+Au, Year 1-3
p+p: 62pb samp 60% Eff., 40% Pur.
Au+Au: 21nb ' rec., 40% Eff., 40% Pur.

Secondary /
Vertex

+
§o
®
I||I|||\|‘|\|‘||I

Lsp -
Q P ot b-qll:ll'l\ 04 :_ o
P\r};nrtaeri /,f/ ) - [ LIDO, arXiv:2008.07622 [nucl-th]
i) 5 0.2:— pQCD, Zhgs_LgttO B726 (2013) 251-256 )
b-jet (A:‘Ip;)psr%%tch oL gmed=2'2j
¥ (DCA) 15 20 25 30 35 40 45
| P, [GeV]
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Bottom quark jet pairs - Enhanced sensitivity

Simulation

|

SPHENIX BUP 2022, 0-10% Au+Au Years 1-3
di-b-jet, p..> 15 GeV, P, 10 GeV

p+p: 50 pb', 60% Eff., 40% Pur.

Au+Au: 21 nb rec, 40% Eff., 40% Pur.

Kang et al, PRD 99, 034006 (2019), m = m,, rad.+col.

""""“‘*-./\__\

g W —

ork
gz 12
g
Secondary /
Vertex / 0.8
Lso 0.6
/ P at b%pun‘k /N
Primary I_/ 0.4
Vertex \ /2
/ b-quark , . ]
~ " Distance of 02
_ Closest '
b-jet Approach
< (DCA) 4
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b-jet vs light jet - differentiating energy loss mech.

= §
b/light ratio on RAA x
Partial exp. systematic %:ﬁ

uncert. cancelation

Collisional Radiative
energy loss energy loss

: -8 i |
£ oS ; WE 1-8 times mass effect!

+ =T Sa x2 effect vs 10%

AE | AR N o -
j 555 variationon g,/
X

- \\ (medium)

Unique region in the RHIC kine.
@ max sensitivity to mass eff.

g Brookhaven

National Laboratory

8 _gme =18

9))
T[T

[{F

Simulation

SPHENIX BUP 2022, 0-10% Au+Au Years 1-3
di-b-jet, P> 15 GeV, [ 10 GeV
p+p: 50 pb™' samp, 60% Eff., 40% Pur.

Au+Au: 21 nb' rec, 40% Eff., 40% Pur.
Kang et al., PRD 99, 034006 (2019), m = m., rad.+col.

d
—_— =20
—g =22

ed

=
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! Di-jet invariant mass [GeV/c?]
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b-jet Flow signature

-> pathlength dependence energy loss

orfr
>C\.I
Secondary /
Vertex
Prima
Verte
Istance of
_ Closest
b-jet Approach
(DCA)

Brookhaven

National Laboratory
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Streaming readout status at sSPHENIX

[sPH-TRG-2020-001]

» All three sPHENIX tracking detector e

| I >4 I I
sPHENIX TPC DAQ Simulation

——300 Gbps - peak
=== ()-mrad crossing
===1-mrad crossing

e
o
o

uses streaming readout

rate in Au+Au 2-mrad crossing

*’*Working point: 10% collisions at 62Gbps

===3-mrad crossing

,/”’/’

» Developed plan to take 10% streaming
data for heavy flavor physics program
commended by RHIC PAC.

TPC peak disk data rate [Gbps]
S S
o o

—_
o
o

0 | 1

L

0 0.1 0.2

RHIC PAC 2020 report

| | | |
0.3 04 05 0.6 0.7 0.8
Recorded MB Collision / Delivered

We commend sPHENIX for developing the continuous streaming readout option for the
detector, which increases the amount of data that can be collected in Run-24 by orders of
magnitude. In particular in the sector of open heavy flavor, this technique will give access to
a set of qualitatively novel measurements that would otherwise not be accessible. Given the

tight timeline for completing the RHIC physics program before construction of the EIC

begins, this 1s a tremendous and highly welcome achievement.

Brookhaven

National Laboratary Jin Huang <jihuang@bnl.gov>
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https://indico.bnl.gov/event/9301/

Charm v, (via prompt D, )= initial geom. & B-field

~—

>

» v,: Geometry tilt of QGP
source x

Brookhaven

National Laboratory

)
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[sPH-TRG-2020-001]
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I | I | I I I I |
SPHENIX Projection, Years 1-5
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ee

D° D H
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¢ ¢ SPHENIX, Year 1-5, 51nb rec.+str. Au+Au
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https://indico.bnl.gov/event/9301/

sPHENIX calorlmetrlc jets and b-jet tagging

A T AES REEAS LELEY AR EELLY REEE] EERE

E . 0.8 = p+p Au+Au b=0-4fm -

Secondary / 82. O.7E—¢— - R=02 ® R=02 —f

Vertex / 2 = L R=0.4 ® R=0.4 =

9' 0.6 -

Lap i - -

8 0.5 =

E+ - -

QGP at ™™™ 2 Eo— T -
Primary A b-quark / 8 0.4 =
‘ \ L [ ® o
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b-qunk o - — - —— _
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_ Closest 0.2 e e N ;i
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Combining calo.-jet and precision vertex: b-jet tagging

» Demonstrate b-jet capability: tagging algorithms evaluated using full
detector HI simulation

» Reaching a promising working point in central Au+Au collisions

Track-counting tagger Secondary-vertex tagger Secondary-vertex mass

b 17 N I R s Y L R A A = z\ 1_|||||ll|||l\\|||||l|ll\l|ll|||lH||IIII|IIII|HH_ NO = L L B B B |
= B _ . . = E oo, SPHENIX Simulation ~>~. N SPHENIX Simulation ]
g_ 0.9; SPHENIX stmljllat/on B a 09; "',- Phythia8 p+p Embed to 0-4 fm Hijing AutAu, |5,,=200 GeV 7 [0) 200; Pythia8 MB p+p {s=200 GeV _
5 & PYTHIA 8 MB jet Embed to 0-4fm Hijing Au+Au 3 D F 5 Truth jet p_>20 GeVic, |<0.8, |z|<10 cm 3 O - i -
QL 0.8F - Q9 0.8k : v 1 o~ i Truth jet, p_>20 GeV/e ]
3 B Truth Jet, pr> 20 GeV ] o) . MVTXHNTT+TPC o L o 4
0.7 SPHENIX GEANTA tracking — 0.7t L Moo= P08 Gevie = ~ i Atc jet work point §
0 6; MVTX+IT+TPC é 0. 6* — No SV mass cut = *GE) 150~ [ vight jet ]
- Large DCA methods: - . """ SV mass>2.5 GeVic® 3 Lﬁ i I o et ]
0.5 f e : : — f
C — one track cut . o H ] — —
04? — two track cut i 04? B 100* *
03; — three track cut é 032_ : _f i i
0.2F 3 028 E 50~ ]
0.1 = 0.1 E i i
0E ! ! | ! ! L ! ! ! E 00:”"|"”|'H'I'HIIIHIIII HIIIIIIIIHIIHH: B .
0 02 04 06 08 1 010203040506 070809 1 00 1 2 3 4 5 6
b-jet efficiency b-jet efficiency Corrected SV mass [GeV/c?]

CMS work-point, Phys. Rev. Lett. 113, 132301 (2014) [sPH-HF-2018-001]
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https://indico.bnl.gov/event/4072/

HF resonance reconstruction

» SPHENIX integration of KFParticle:
o G@eneric resonance reco, also used in CBM, STAR, ALICE

» Used in mock data challenges - day-1 data

[sPH-HF-2021-001]

DCA(K+TI.'_) % ] I |. |. l %-102_||\|| T T ||||||\Iy‘[K;n.n|s)lr<|1||||\||—
Decay length, G goo- SPHENIX Simulation BN - 0.0 <p_(Knn,) <20.0 GeV |
decay time 5 | hiloss)l o o Pythia signal - 8 - /
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= - @o* Q
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—et
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t ,ﬁ*ﬁﬁ g ; EIFB'yk:':ia signal ;
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Possible runs beyond 2025 oo ot e o e
—_— Small COIIiSion SyStem I IZ!Sl | | Ill [ ISLJ | | Ill [ I4'51 [ I5|I | | [5-‘5;ULIL85|“|A!,3

» If opportunity arise in 2026-27, OO, ArAr runs

» pA: Mystery of non-zero HF v2 but lack of quenching. Small-A collision may bridge the
gap from pA to large-AA

[sSPH-TRG-2020-001]
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https://indico.bnl.gov/event/9301/

The tracking stack in the 2019 test beam

INTT

’ o L\\ - ‘ : wl' Vo
= = —% 1 = S : <a j < _k‘f'“{:g_;— —
S g R #t
‘_'.w ETTT | T TT | T TT | T | T | T | | | 3
B (dz) = 0.005 + 0.000]
1(}"§— ﬁ o4, = 0.116 10.000—5
PCoam® "
1(}'3_— —
A B . 55 104;_ E
SPHENIX MVTX 2019 Beam Test _ 1 ]
Using 180nm ITS2 ALPIDE MAPS sensor | f
MVTX Cluster hit Spatial Resolution < 5 um 10l LKL ‘J} S B

track dz [npixels]
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Main tracker: Time projection chamber (TPC)

» Gateless and continues readout
with GEM (similar to the ALICE
TPC upgrade)

» Fast drift, low T diffusion, low
ion backflow:
50:50 Ne-CF4 gas, 13 us drift

» 48 layer of pad rows, zigzag pad

» SAMPA v5 ASIC with 80ns
shaping time

» dp/p ~ 1% at 5GeV/c

Brookhaven

National Laboratory

)

Resolution, Cluster w/ 2+ pad [um]

300

250

T | T T T ] T T T
2019 TPC Beam Test Preview

®  Scan2: Gap 300V, GEM 370V

V(89.4 um)? + (150 um/ fom xYL/19.6
Field = 1.4T, 6 puucion = 40 UM/ Yem

-------------

200 ¢  Scan3: Gap 150V, GEM 380V —:
V(91.0 um)? + (150 pum/ fom x¥L/20.0¢ |

150 /e Field = 1.4T, 01 pucon = 40 um/Yem |
100/ ... s .
50 B 1 1 1 | 1 1 1 | 1 | 1 ] 1 | 1 1 1 | | | | | i
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Proposed run schedule, year 1-3

SPHENIX BUP2021 [sPH-TRG-2021-001], 24 (& 28) cryo-week scenarios

RHIC PAC-2021 Report: Year | Species snn | Cryo Physics Rec. Lum. Samp. Lum.
“SPHENIX construction,

installation and operation to [GeV] | Weeks |  Weeks z| <10 cm z| <10 cm

accomplish its science goals

is now the overarching 2023 | Au+Au | 200 | 24 (28) 9 (13) 3.7 (5.7) nb~! 45 (6.9) nb~!
priority for RHIC for the next

4 -5 years.” 2024 | plp’ 200 |24(28) | 12(16) | 03(04)pb '[5kHz] | 45(62) pb~!

4.5 (6.2) pb 1 [10%-st7]

2024 | p'+Au | 200 - 5 0.003 pb~! [5 kHz] 0.11 pb~1

0.01 pb~! [10%-str]

2025 | Au+Au | 200 |24 (28) | 20.5(24.5) 13 (15) nb~! 21 (25)nb~!

9 Brookhaven
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https://indico.bnl.gov/event/11884/

First Physics Measurements in Aut+Au: 7’v, versus Centrality 0

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

03— 71— 71— 7 11—
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0.1 —
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0.05 =
o ® =
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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 %

dE; .. .. .. . .
—T distribution in each calorimeter subdetector

dn
; IIII\II\I\II|III\I\I ; I\|III\|II\\|II\I|II\I|II\ ; I\III\II\\|II\I|II\III\
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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: 0

Using commissioning data ~ 249k events from Run 2023 with EMCal+IHCal+OHCal+MBD to measure %

; |IIII\IIIIII\|IIII|I\I
[} SPHENIX Preliminary

G, Au+Au 200 GeV ,

p = ] Full Calorimeter

O 403 L [ 1 STAR (Symmetrized) |
“‘u}m i ] PHENIX

o

dE T :
—T distribution, comparison to
dn | 10-20% | |

other experiments
STAR and PHENIX

2'|3 -30% [ |

30-40% |

e e e e se s st o s

|0 |40°50%

Presented are sPHENIX centrality intervals from
preliminary centrality calculations which will be

_ngﬁiw i updated before finalizing centrality selections and

reporting quantities like <N, >

-1 -05 0 0.5 1
n

For more details/results see sPHENIX contributed talk by Emma McLaughlin on 6/7/24 at 4:30 pm
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Tracking performance
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sPHENIX hidden heavy flavor

Y(3s)-
. . . . . . O.7;fm Y(2s) -
» Suppression with clear distinction of three Upsilon states — Ossim Yils)-
b b . B
» Color dipoles probing the QGP at three length scales e
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