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SsPHENIX Program

Y(1s) 0.28fm

Y(2s) 0.56fm
Y(3s) 0.78fm

_____Quarkonium spectroscopy
\ vary size of probe
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REACHING FOR THE HORIZON

r——

LONG RANGE PLAN
for NUCLEAR SCIENCE

complementarity of the two facilities is essential to this

sPHENIX. (2) Map the phase diagram of QCD with

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

goal, as is a state-of-the-art jet detector at RHIC, called

experiments planned at RHIC.
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Input to the 2023 Long Range Plan

The Present and Future of QCD
QCD Town Meeting White Paper — An Input to the 2023 NSAC Long Range Plan

arXiv: 2303.02579

Recommendation 1: Capitalizing on past investments (Yes: 335; No: 3; No Answer: 4)

The highest priority for QCD research is to maintain U.S. world leadership in nuclear science for the next decade
by capitalizing on past investments. Maintaining this leadership also requires recruitment and retention of a
diverse and equitable workforce.

We recommend support for a healthy base theory program, full operation of the CEBAF 12-GeV and
RHIC facilities, and maintaining U.S. leadership within the LHC heavy-ion program, along with other
running facilities, including the valuable university-based laboratories, and the scientists involved in all
these efforts.

This includes the following, unordered, programs:

e The 12-GeV CEBAF hosts a forefront program of using electrons to unfold the quark and gluon structure
of visible matter and probe the Standard Model. We recommend executing the CEBAF 12-GeV program at
full capability and capitalizing on the full intensity potential of CEBAF by the construction and deployment
of the Solenoidal Large Intensity Device (SoLID).

e The RHIC facility revolutionized our understanding of QCD, as well as the spin structure of the nucleon.
To successfully conclude the RHIC science mission, it is essential to complete the sSPHENIX science
program as highlighted in the 2015 LRP, the concurrent STAR data taking with forward upgrade, and the
full data analysis from all RHIC experiments.

e The LHC facility maintains leadership in the (heavy ion) energy frontier and hosts a program of using
heavy-ion collisions to probe QCD at the highest temperature and/or energy scales. We recommend the
support of continued U.S. leadership across the heavy ion LHC program.

e Theoretical nuclear physics is essential for establishing new scientific directions, and meeting the chal-
lenges and realizing the full scientific potential of current and future experiments. We recommend
increased investment in the base program and expansion of topical programs in nuclear theory.

spHEm
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QGP at RHIC & the LHC

QGP temperature (plot: Christopher Plumberg)

400

—— Pb+Pb collision at LHC
o different QGPs at RHIC & the LHC provide E 350 - — AutAu collision at RHIC
constraints on the temperature s .
dependence of QGP properties £
D 55
* the requires RHIC measurements which =
are as precise as at the LHC and which o
cover the widest possible kinematic range 2 **

100



sPHENIX Run Plan

Year | Species sNN | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks z| <10 cm z| <10 cm

2023 | Au+Au | 200 |24(28) | 9(13) 3.7 (5.7) nb~! 4.5 (6.9) nb~!

2024 | plp! 200 |24(28) | 12(16) 0.3 (0.4) pb~! [5kHz] | 45(62) pb~!

4.5 (6.2) pb~! [10%-str]
2024 | pT+Au | 200 = 5 0.003 pb~ 1! [5 kHz] 0.11 pb~!
0.01 pb~! [10%-str]
2025 | Au+Au | 200 | 24(28) | 20.5 (24.5) 13 (15) nb~! 21 (25) nb~!

e 2023: Commissioning & first AuUAu
physics

o 2024:

e pp data for HI reference and
transverse spin measurements

* pA data: cold QCD & small
systems measurements

e 2025: High luminosity AuAu running,
>140B MB AuAu collisions recorded

) N
hittps://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX Beam Use Proposal 2022.pdf @



https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX_Beam_Use_Proposal_2022.pdf

why jets at RHIC?

QGP temperature (plot: Christopher Plumberg)

o Different QGP: lower temperatures, 200
closer to the QGP transition —— Pb+Pb collision at LHC

350 - —  AU+AuU collision at RHIC

300 -
250 ~

200 -

Average T (e-weighted) [MeV]
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why jets at RHIC?

RHIC @ 200 GeV LHC @ 5.5 TeV (solid), 14 TeV (dash)

A

. e 1r c

o Different QGP: lower temperatures, 2ok 3
closer to the QGP transition g0t 308
§°'7§_ Quark Jet Fraction (LO) §°'7§

: : : ey 2061 20.6¢

e Different |ets: jet flavor composition Bost %o
at the lower collision energy goat go4r

29 3F Gluon Jet Fraction (LO) 0-0_32

o.zi— 0.2F

0.1;— 0.1

00_ - I2|0 - I40 - 60 - 80 I1(I)0 00_ 50 100 150 200 250 300 350 400 450 500

P (GeV/c) P (GeV/c)
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Different QGP: lower temperatures,
closer to the QGP transition

Different |ets: jet flavor composition
at the lower collision energy

Different QGP/jet interaction: lower
energy jets are expected to spend
more of their evolution interacting at

QGP scales

jets evolve at
larger fraction of their evolution

at

why jets at RHIC?

than the

for a

O
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Jet measurements

MAGNET < . [ r rr [ rrrrJrrrrJrrr11 }
- @ " SPHENIX BUP 2022 0-10% Au+Au, Years 1-3 -
"= [ —l-l+l-I++-+-l—H-l—l 62 pb”’ samp. p+p _
MVTX - 21 nb' rec. Au+Au -
- \ SMEAL i or 32 nb' samp. Au+Au  _
- il P | : 0.8— -= directy —
S ' \'¢ iHCAL — N
| - = et ~
MinBIAS 0-6__ o h -
el 0.4 _— -A—A—A—A—A—A—A—A—A—A—A—A—A—A—A—L—+—+—+—A—A— —A _
N e 021 a ‘ _
! : O _| ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] | - | ] ] ] ] | ] ] ] ] | ] ] | I_
0 10 20 30 40 50 60 70 80

p, [GeV]

» calorimeter based jets allow for unbiased triggering and measurement of the
full jet energy; access to nearly all the kinematic range at RHIC

) N
11 https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX Beam Use Proposal 2022.pdf @
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Jet radius dependent suppression

&\ 2_| L | L | L | L i &\ 1.8_ | | | | | | | | | | | | | |
o _ sPHENIX BUP 2022 _ oS - SPHENIX BUP 2022 -
i 1 g~ 0-10% Au+Au, Years 1-3 _ $ 1.6 0-10% Au+Au, Years 1-3
T " 62 pbsamp. p+p ) § - - 62 pb™ samp. p+p -
= _ 21 nb'rec. Au+Au i s 1.4 Tl 21 nb™' rec. Au+Au —
m< 16_ iot —A A + + A | N — S B " N
: | RJ =0.5 i D::E 1.2 — - -O-'O'-O-_(). ]
r  14-= R" =04 == =4 + —p — 15--+r.|++- _+_ ___________ E
o -+ R* =03 - : —
1.2~ ——e—o—o—¢ + 1 ] 0.8~ Lo = SPHENIX R*' =05
i _ - O - -
- ’ og b o | & ¢ o ALICE R®' =06 =
1= ) - —e— ATLAS R*' =05, R, -
- i} 0.4 et _ ju
ogb— v Lo 1 1 b L L L ] = CMS R =06 -

0 10 20 30 40 50 60 70 80 102 10°
p, [GeV] Py [GeV]

smaller UE event at RHIC helps the low pT jet radius scan—an area where LHC measurements currently
disagree
huge min-bias AuAu samples allow unbiased jet samples

) N
12 https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX Beam Use Proposal 2022.pdf @
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Jjet substructure

ALICE:2107.12984
g 4 ALIGE Vo = 5,00 ToV - measurements of jet substructure provide information on
o 3.5F :Igpb—Pb 0-10% Charged-pl\glrticle jets - h th QGP the d | ' t h
g oL EEbm otk ey ow the sees the developing parton shower
S ) 5_ _ 60<p, £80 GeV/c
2 g SMDRIa0R 0 PHENIX will be able to make a wide variety of
2t 4" J S will be able to make a wide variety o
- | ' tagged — 7 9% tagged = V- : n
155 . substructure measurements with large data samples,
b = excellent tracking & calorimetry
| g ! I ! ! ! ! ! ! I ! ! ! I . ! ! g
ale 0 RERTT TR g N SPHENIX BUP 2022, Years 1-3
£ 200 SrabesioIonr venmeadls E 2 10— JEWEL220, T=260MeV =
y ™ Pablos, L, = ® Yuan, quark 2_*01 - pJTet >40 GeV, z,,=0.1,=0 ]
- I . o i:T-Au (0-10%) ]
1 T T

) N
J sPHENIX
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a AUAU collisions In the calorimeter

sPHENIX Experiment at RHIC

Data recorded: 2023-07-16 00:54:00 EST
Run / Event: 21707 / 3194

Collisions: Au + Au @ VSN = 200 GeV

SPHE
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Total Inner HCal Energy [arb. units]

0.8

0.6

0.4

0.2

first calorimeter data

T
_SPHENIX P

reliminary
" Au+Au \'sy, = 200 GeV S

T R B
0 02 04

C
0.6

C
0.8

1

Total Outer HCal Energy [arb. units]
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< o.o15§— :ﬂzemgca * *- 4 'r,i#f.ﬂ *L»
5 ! ++* M M 't*ﬂ\'..-'
. W#.W}qﬁémwﬁﬁ clt jter i* DC > 500£
R 4 Mol <07 -
Oo: & 700 200 300 400 500 '6:oo

Di-Photon Mass [ADC]

next steps: calibration & jet finding!
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b-jet RAA

ATLAS:2204.13530

—
(00)

LIDO model Centrality 0-20% —
— Dai et al v N = 9-02 TeV

inclusive jet
AA
' IN o

[ | I/ | 11 I
/ :
/ L1 | 1 1 1 | L1

- Pb+Pb 2018, 1 4(1 7) nb™’
- pp 2017, 260 pb

o 12 H — =
S~ - S ]
2 < 1 @ ]
Q0:<  ATLAS -

0.8_ anti-k, R =0.2 jets, IyI<21 ]

O
03

80 100 120 140 160 180 200 220 240 260 280
pT[GeV]

at the LHC, differences between inclusive and b-jet Raa are expected from

0’:

(b-jets from gluon splitting) and
measurement)
SPHENIX data at much lower prt will isolate the mass effects

0.8

0.6

0.4

0.2

T | T T 1 | T T 1 | T 1T 1
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.

h ® ¢ + ¢ ¢
i LIDO, arXiv:2008.07622 [nucl-th]
— pQCD, Phys Lett, B726 (2013) 251-256 :
g™ =20 ]
L —— =22 el
15 20 25 30 35 40 45
p. [GeV]

(at the lower pt end of the
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open heavy flavor

< 1_6 | | | | | | | | | | | | | | | | | | | |
< — _
T, L SPHENIX BUP 2022, 0-10% Au+Au, Years 1-3 -
[ 6.2pbTstr. p+p, 21 nb™' rec. Au+Au -
* reconstructed DO measurements 120 — B-meson  —
based on pp data available with the i “ -p—=D" -
. . - -- Prompt D~ =
streaming readout of the tracking 085 o -
detectors. -/ PR E
0.6F R :
o . .. 0.4 ‘e T """" -
» big improvement in precision : /\ . :
: - ©-0-0-0-0--0-0¢—]
available at RHIC! 0.2 . =
O_ | | | | | | | | B

0 2 4 6 8 10

) N
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TPC tracks from AuAu collision

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 89

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




pp running: essential hot QCD reference

Signal Au+Au 0-10% Counts | p+p Counts
Jets pt > 20 GeV 22000000 11 000 000
Jets pt > 40 GeV 65 000 31000
Direct Photons pt > 20 GeV 47 000 5800
Direct Photons pt > 30 GeV 2400 290
Charged Hadrons pt > 25 GeV 4 300 4100

INn many cases pp integrated luminosity drives the uncertainty in AUAu measurements

essential to make sure that this run is successful to enable precision hot QCD measurement

Ittips://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX Beam Use Proposal 2022.pdf
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pp running: cold QCD physics

direct photons

SPHENIX BUP 2022, Years 1-3
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Use sPHENIX capabilities for transverse single spin asymmetries of direct photons and to
probe gluon dynamics in transversely polarized nucleons through tri-gluon correlation function

many other measurements planned in pp collisions!

O
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https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX Beam Use Proposal 2022.pdf

N O

N O

direct photons ‘ ‘

| SPHENIX BUP 2022

PA physics

PA data has been very exciting over the last decade at both
RHIC & the LHC

inclusive jets
-A—A—A—A-A—A—A-A-A—A—-A-A—A—-A-A—h—A-

Year 2: 62 pb™ p+p
0.11 pb'1 p+Au

HH

charged hadrons ‘

20 40

o

60
p, [GeV]

80

one highlight (out of many) for sPHENIX, high pr vz for jets,
hadrons & heavy flavor hadrons

« Q04— 8 01B
g 0?352_ sPlHENIX :3L1JP 20;2, Yearls. 1-3 | _% % g::j_:ﬁ.‘. sPI-llENIX I|3UP 20|22, Yelar 2, leAu O-1|O% _%
0.3%_ p+Au, 50 nb'" trig., ReS(‘I’z)o=0-2 _% _8 0.12:_:-' , Res(W,) = 0.20 (SsEPD) E

- —®— sPHENIX Prompt D°, 0-20% . o —? e Hadrons .

0-25;— O  CMS D° p+Pb High-Mult _; T 04 ;* "‘ Jots —;
0.2 O  PHENIX u"f, d+Au 0-20% = 0.08f¢ L —
0.15F — 0.06/ E
0'12_ + % i <>¢ (:> +(:) (:>+ (:D. ﬁg. _g 0.04;?— . + I _i
0.055 . = o.oz-; f*i- O S + ----------------- -
e A = 0 e bbbty Ml —
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RIKEN BNL Research Center

Predictions for s

Hosted by Brookhaven National Laboratory *
July 20-22, 2022

https://www.bnl.gov/sphenix2022/

experimentalists & theorists discussing how to maximize the
SPHENIX physics program

2305.15491

Predictions for the sSPHENIX physics program

Ron Belmont?, Jasmine Brewer®, Quinn Brodsky®, Paul Caucal?, Megan Y, o rks h o p S u mm a ry ava i I a b I e!

Connors®!, Magdalena Djordjevic!, Raymond Ehlers&¥:2, Miguel A.

Escobedo™!, Elena G. Ferreiro®, Giuliano Giacalone!, Yoshitaka Hatta®! Jack = -
looking forward to comparing

Holguin™, Weiyao Ke®, Zhong-Bo Kang®, Amit Kumar®P?, Aleksas

Mazeliauskas®’, Yacine Mehtar-Tani®"!, Genki Nukazuka®!, Daniel th e p re d i cti ons t O d at a soon !

Pablos?"* Dennis V. Perepelitsa®!* Krishna Rajagopal®, Anne M. Sickles™!,
Michael Strickland¥, Konrad Tywoniuk"?, Ivan Vitev", Xin-Nian WangY,
Zhong Yang*, Fanyi Zhao°

O
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more SsPHENIX talks/posters

sPHENIX Run 23 Report—Stefan Bathe —today, 10am

sPHENIX Jet program (workshop talk)--Anthony Hodges

Heavy flavor physics (workshop talk)—Antonio Carlos Oliveira da Silva

sPHENIX Detector (workshop talk)—Ejiro Umaka

sPHENIX Calorimeters (workshop talk)—Hanpu Jiang

sPHENIX Tracking (workshop talk) —Joseph Bertaux

Construction and Installation of sEPD (poster)—Micah Meskowitz—today, 6:00pm

Tracking in Jets for the sPHENIX cold-QCD Program (poster)— Athira Vijayakumar—today, 6:00pm
Performance and Commissioning of sSPHENIX MBD (poster)—Lameck Mwibanda—today, 6:00pm
Heavy Flavor Physics in sSPHENIX (poster)—Antonio Carlos Oliveira da Silva—today, 6:00pm
Commissioning of sPHENIX Intermediate Silicon Tracker (poster)—Jaein Hwang—today, 6:00pm

Commissioning Status of the sPHENIX EMCal (poster)—Abraham Holtermann—today, 6:00pm

O
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possible extra running

Year | Species sNN | Cryo | Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks z| <10 cm z| <10 cm
2026 | plpt 200 28 15.5 1.0 pb~! [10 kHz] 80 pb !
80 pb~! [100%-str]
= O+0 200 = 2 18 nb ™! 37 nb~!
37 nb~! [100%-str]
— | Ar+Ar | 200 = 2 6nb~! 12nb !
12 nb~! [100%-str]
2027 | Au+Au | 200 28 245 | 30 nb~! [100%-str/DeMux] 30 nb~!

should the opportunity arise,
sPHENIX could increase the pp

luminosity, explore light ions
and take a lot more AuAu data

O
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EMCal insa

llation

First 2 EMCal
sectors installed
into the Inner HCal
earlier this week!
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Inner HCal installation

Outer HCal ~

29

June 2022

SPHE
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SPHENIX Detector

large, uniform
acceptance

MAGNET

SEPD

MVTX

TC_ ™ = full electromagnetic and
= ' hadronic calorimetry

MinBIAS

high precision tracking/
vertexing

huge AuAu samples,
without biased
triggered

optimized for hard probes and unique among RHIC experiments!
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