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RHIC

SsPHENIX
Detector

STAR
Detector

SPHENIX
Science Mission

2023 Nuclear Physics Long Range Plan

To successfully conclude
the RHIC science mission, it
Is essential to (1) complete
the sPHENIX science
program as highlighted in
the 2015 Long Range Plan,
(2) complete the concurrent
STAR data collection with
the forward upgrade, and
(3) analyze the data from all
RHIC experiments.




@F sPHENIX Physics Program SPHE

Boulder

Quarkonium spectroscopy

Jet structure

SPHE}RUIX

Cold QCD Part

»N

nienergyiloss
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SPHENIX Detector

Superconducting Outer Hadronic
Magnet Calorimeter (oHCAL)

Inner Hadronic
Calorimeter (IHCAL)

- Electromagnetic
. ° Calorimeter (EMCAL)

MAPS-based Vertex S e - > Detector (MBD)
Detector (MVTX) wny =1

Intermediate Silicon

Tracker (INTT)
Time Projection

Chamber (TPC) TPC Outer
Tracker (TPOT)
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Boulder

L
MAPS-based Vertex
Detector (MVTX)

Intermediate
Silicon Tracker

Superconducting Outer Hadronic
Magnet Calorimeter (oHCAL)

Inner Hadronic
Calorimeter (iHCAL)

Electromagnetic
° Calorimeter (EMCAL)
|
N = | Minimum Bias
P Detector (MBD)

."' /
TPC Outer
Chamber (TPC)
Traker

Time Projection

sPHENIX Detector : Unique features

Full calorimetry syst
* First barrel hadrc
 Full azimuth
* Measurer

- /

SRS

Trackers: Streaming DAQ

Experimental hall . DAQ room
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Data taking with sPHENIX SPHE

. * Detector installation
Commissioning

AusAu Run * Au+Au commissioning

(ended by accelerator incident)

« 107 pb-1 jet/y calorimeter data

Commissioning * 13.3 pb-! full detector
p+p/Au+Au Run/ /2 9 pb-1 streaming tracker
* Tracker Au+Au commissioning

_ » Successful Run25 ahead!
Full Physics Run
-3 [R. Reed Run25 report]
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https://indico.bnl.gov/event/27198/contributions/104621/

@]’ Physics achievements with sSPHENIX SPHE

Boulder

Final physics results

1. 7Y% vo in Au+Au 200 GeV
- sSPH-CONF-BULK-2024-01

1. Transverse energy density in Au+Au 200 GeV
arXiv:2504.02242 (sPH-BULK-2025-02)

2. Charged particle multiplicity in Au+Au 200 GeV
arXiv:2504.02240 (sPH-BULK-2025-01)

2. Neutral meson transverse single-spin

asymmetry in pT+ p 200 GeV
: sSPH-CONF-COLDQCD-2025-01

. _ _ o 3. Dijet imabalance in p+p 200 GeV
® First sSPHENIX final results submitted for publication! . sSPH-CONE-JET-2025-01

® Preliminary results documented in paper-style conf-note 4. Isolated photon in p+p 200 GeV
: sSPH-CONF-JET-2025-02

e All mat.erlalls including performalnce plots / event displays 5. Inclusive jet in p+p 200 GeV
accessible in the sPHENIX public web page - sSPH-CONF-JET-2025-03

| 6. Underlying event & jet background in
:> sPHENIX Public Page Au+Au 200 GeV
: sSPH-CONF-JET-2025-04

22 May 2025 JaeBeom Park 7


https://arxiv.org/abs/2504.02242
https://www.sphenix.bnl.gov/PublicResults/sPH-BULK-2025-02
https://arxiv.org/abs/2504.02240
https://www.sphenix.bnl.gov/PublicResults/sPH-BULK-2025-01
https://www.sphenix.bnl.gov/sPH-CONF-BULK-2024-01
https://www.sphenix.bnl.gov/sPH-CONF-COLDQCD-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04
https://www.sphenix.bnl.gov/PublicResults

sPHENIX Experiment at RHIC

- Data recorded: 2023-07-16 00:54:00 EST
Run / Event: 21707 / 3194
Collisions: Au + Au @ VSy\ = 200 GeV

QGP Bulk Properties
with sPHENIX




Transverse Energy Density in Au+Au SPHE

Boulder
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* First sPHENIX papers after 5 months from completing data taking! [arXiv:2504.02242]

» dE/dn measured using EMCal and HCal separately

» \erification of calorimeter energy calibration / Consistent with previous RHIC results

22 May 2025 JaeBeom Park 9


https://arxiv.org/abs/2504.02242

Charged Particle Multiplicity in Au+Au SPHE

Boulder
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* First sPHENIX papers after 5 months from completing data taking! [arXiv:2504.02240]
» dN_,/dn measured using tracklets from INTT detector
 INTT clustering & tracklet reconstruction demonstrated / Consistent with previous RHIC results
I 22 May 2025 JaeBeom Park 10


https://arxiv.org/abs/2504.02240

SPHENIX Jet
Physics Program

,. SPHENIX Experiment at RHIC
 Collisions: p + p @ VSyy =200 GeV
'Run 43266, 2024-05-20, Event 1447921

SPHEHWRIIX
_’i
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Boulder

— Whyjetsat RHIC? —

Jet physics at RHIC SPHE

Softer spectra / different color charge jets
compared to LHC

Fast evolution of parton virtuality
Sensitive to the scale of the medium

Complementarity with LHC measurements
In overlapping kinematic regions

L::-_ R e I R e R R e — v_‘—?:-_vJ

50 -
vO .
s \ jets produced
e
eﬂo\\‘e\(\
B

Jet evolution at LHC energies
IS for

10 most of the evolution

Larger fraction of evolution is
5 dominated by QGP medium
length scales at RHIC

QGP at RHIC is closer to transition temperature,
better access to strong coupling regime

-
|
|
|
|
?
|
|
|
!
|

7 f—dF >

Tec 21c (adapted from 3¢ 10007¢

nucl-ex/1501.06197)

22 May 2025
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@]’ Jets in p+p 200 GeV SPHE

Boulder
[D. Lis (Jet Workshop) sPH-CONF-JET-2025-03]
I | T | T | T | T | T
10°= =
= SPHENIX Preliminar = . . .
s Y 4 - * First measurement of full jets with EMCal +
104 | i p+pV§ =200 GeV, 'Cint = 16.6 pb -
- ti-k, R=0.4 =
_F E],”et: s 0 : HCal at RHIC measured up to pt = 70 GeV!
3L ﬂj - _
o 107
% F =S 1+ Only using 15% of full statistics!
s 10°F ==
—~ F R * Full reconstruction production underway
Q_I_ 10 G =
C  E =
§ 1L g 1+ Jetenergy scale
B E =
0101 e SPHENIX Fun 2024 cata —F— - * Dominant systematic uncertainty
E = PYTHIAS truth jet spectrum E
B f— NLO pQCD (N Hiahamantion) -  Expected to be reduced with data-driven
= Werner Vogelsang = . . o
o | | | | - corrections using full statistics
10— I I I I I I I I I I I I I I I I I I I I I I

20 30 4(t) 50 60 70
P [GeV]

22 May 2025 JaeBeom Park 13


https://indico.bnl.gov/event/27198/contributions/106573/
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
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Boulder
[sPH-CONF-JET-2025-03]
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Jets in p+p 200 GeV
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ﬂi SPHENIX Preliminary
B p+p¥s = 200 GeV, L = 16.6 pb™' _
= 3 anti-k, R = 0.4
B =g= | <0.7 } _
- == SPHE -
= —- E
3 ’ E
. v .
=@ ] sPHENIX Run 2024 data — E
— B PYTHIAS truth jet spectrum =
= o HERWIG truth jet spectrum -
| | NLO pQCD (No Hadronization) —
= Werner Vogelsang # =
_I | I I I I | I | | | | I I I I | I | | N
20 30 4(t) 50
p” [GeV]

1073

107

107/

1078

N
<
(o)

SPHE

[arXiv:2408.11144]

P+p, |Syn = 200 GeV
anti-k; R=0.3,|ml<0.15

(10% global systematic not included)

N
PH-<ENIX

PHENIX Run12 + Runi15
Theory NLO + LL_ + NP °
Theory NNLO +LL_ + NP

o) III| I IIIIIII| I |IIIIII| R IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|

10

15 20 25 30( 35 40
JetpT eV/c

* Significant improvement in the kinematic reach (wider acceptance & full calorimetry)

22 May 2025
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https://arxiv.org/abs/2408.11144
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
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Diyjets in p+p 200 GeV

[D. Lis (Jet Workshop) sPH-CONF-JET-2025-01]

SPHE

= 10'_'|""|""|""|""|"" L | = 5_|||||||||||||||||||||||| I I B I B B
iment at &S 1 _&|x° T . :
f:ﬁi?ﬁfszﬁﬁﬁeﬁg% :Rzlg)l(l)ccev % %,_ OF SPHENIX Preliminary 3 £ S 4 5F SPHENIX Preliminary -
Run 43266, 2024-05-20, Event 1447921 —|_& T 0+p Vs = 200 GeV - s C p+p Vs =200 GeV -
= 8 antik, R=04 | © 4 antik, R=04 E
7L 407 =p_ <60.8 GeV - TS T GeV E
X5 = / - p_, =29.4GeV - - Ppp, =9AE -
J pT’l pT,Z 65— AH)’Zz 35/4 _E 3;— AP = 3m/4 =
5 = - e Data =
' - e Data - 290 ByTHIAS :
4:— —PYTHIA-8 e 2~ —HERWIG 7.3 -
- —Herwig 7.3 . - -
3:_ erwig = 1 5;_ _;
2F E 15 =
1= E 0.50 =
O: sl N T N Ofl.T|||||||||||||||||||||| | e
24 25 26 27 28 29 3 3.1 04 05 06 0.7 0.8 0.9
A X
» Clear back-to-back dijets — Symmetrically balanced (x; peaked at 1)
* Important reference for comparison to Au+Au
I22 May 2025 JaeBeom Park 15


https://indico.bnl.gov/event/27198/contributions/106573/
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01

@]’ [solated Photons SPHE

Boulder

[ ] [D. Lis (Jet Workshop) sPH-CONF-JET-2025-02]

(/) ¢ 4 \ ;‘ 3_] o | b | o | o | o | o | o | o I_

| % 3 E. SPHENIX Preliminary

; : 35_ 5 p+p Vs =200 GeV :

% y ; : ® ﬁmt = 16.6 pb'1 :

L} In"l <0.7

Y ) 3 42l . o )

J 10°E Iso, R=0.3 =

CZ} / /9 g - . ET <4 GeV =

e - :

& S i N _

L - ° _

* Proxy of initial parton energy 0 "

— Important reference for Au+Au E + I E

* Signal extracted using 2D sideband technique - =e= Data +—
with shower shape & isolation cut & PHENIXPRD 86 072008 ]
1 (m'l <0.25, no EF° requirement) —

e Statistical significance surpass previous RHIC T T T T T
10 12 14 16 18 20 22 24 26

' o .
results! (Yet only 15% of full statistics used) EYF (GeV]

22 May 2025 JaeBeom Park 16


https://indico.bnl.gov/event/27198/contributions/106573/
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02

@]’ Jets/Photons with sSPHENIX SPHE

Boulder
[sPH-CONF-JET-2025-02 sPH-CONF-JET-2025-03]
1 07 ET T I [ (T T[T T T[T I T T[T T T T[T T T T [T T T TE [D. Lis (Jet Workshop)]
L 0fL SPHENIX Preliminary =« gPHENIX calorimetry system capacity for
= p+p s = 200 GeV = | | | |
0oL o 1 = measuring high-pr jets and isolated photons
= N <0.7 =
10 - ® Jet, antik R=0.4 - |
- By B934 Gev =+ Clear pathway towards gamma-jet measurements
> 3l T _ .
o 10°F E . |
3 : " Coe=166pb" (Jot) = . Golden probe for QGP study with sPHENIX!
B 1 02 = N L =15.2 pb™ (y) —=
2 S _ X = [BUP 2025]
:10;_ i ‘ _; '3;4'5:""""""' | =
LCl° E = \ 3 x - SPHENIX Run-25 Projection E
ol o u L] _ S 4; p.. > 30 GeV, ;f'ft>1o GeV .
© 1= — S 35 m 107 pb'sampled p+p (Run-24) =
= = §> 35_ e 7 nb'recorded Au+Au 0-10% E
10_1§_ = Y —+- 4 -
10—2 i_ NLO pQCD No Hadronization (W. Vogelsang) _i 2;_ ——t —+ _;
= —Jet, anti-kk_A=0.4 = 15 —— —4— 4 E
108 Y (no E*) - 14— — 4 -
EI I | [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | [ 1 1 1 | I IE 05;_ —— ++_:_ _;
0 10 20 30 40 50 60 70 052 06 08 1 12 1.4 y
GeV Photon+jet x,,
p_ [GeV]
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https://indico.bnl.gov/event/27198/contributions/106573/
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-02
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://indico.bnl.gov/event/25236/attachments/58307/100152/sPHENIX_Beam_Use_Proposal_2024.pdf

Boulder

"), SPHENIX Experiment at RHIC
({11« |1 Data recorded: 2023-07-16 00:54:00 EST
.~ 4 Run/Event: 21707 / 3194
Collisions: Au + Au @ VS\N = 200 GeV

6 ERaW

) [GeV]

of

@]‘ Underlying Event Characterization in Au+Au

SPHE}RIIX

[sPH-CONF-JET-2025-04]

_|_

IIII|IIIIIIII|IIII|IIII|IIII|IIII|III
2y SPHENIX Preliminary
Nn
“an Au+AU \/s,, = 200 GeV

:x ' Closed Points: Basic Cones
N Open Points: Randomizedn¢

2 SNE
e o Area Method -
= 0 Multiplicity Method
s » lterative Method

o

10 20 30 40 50 60 70 80
Centrality [%]

* Underlying event studied for jet reconstruction in heavy ion collisions

* Multiple subtraction methods studied to better understand the correlation and fluctuations

22 May 2025

JaeBeom Park

18


https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-04

Cold QCD at sPHENIX




@]’ Neutral Meson with sPHENIX SPHE

Boulder

10° 04/01/2025
40i<l I | 111 | 111 111 | 111 | 111 | 11 | 1T 11 | 111 | 11 I_
1 17D, : :
p'+p - 7n'ln e § Signa SPHENIX -
- Preliminary N
- = Total fit ---- Background /s = 200 GeV _
0 l - p+p \s eV -
do' — do _30f 3 -
A X — S ¢ , - -
(D) = i |
N do' + do! = 250 || pr2025Gev 3| —
- CE -
= F y'l <1 2 10-_ -
P 20;_ Lii=209nb" 3 °| -
- — % 8 —
- — 0 N o _—
e Transverse Single-Spin Asymmetry of neutral é 15t e
. B | 0.4 0.5 0.6 0.7 |
mesons measured with EMCal clusters 10 | f m,, [GeV] —
I B S -
e Sensitive to twist-3 and TMD effects N I
O_ AR AR e T NN AR NN
0O 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1
m,, [GeV]
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Transverse Single-Spin Asymmetry
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SPHE

[Virgile Mahaut (EIC Workshop), sPH-CONF-COLDQCD-2025-01]

0.1

0.05

<n>-

117 092 070 058 055

0.52

0.50

- plp— T] X SPHENIX Preliminary -
E M SPHENIX 2024, >0 pT+p Vs = 200 GeV E
— 0 PHENIXPRD 103 (2021) 052009, |T]| <0.35 7% polarization scale uncertainty not shown:
S = R R & 'i] a I# n
- | —]
e -
L 0.005F [ — _
: : ﬂ; i =
S # # = -
| —0.005F — ]
[ | ! ! ! | ! | ! | ! | ! ! | H
2 4 6 8 10 12
p_[GeV]

e Transverse single-spin asymmetry (TSSA) measured for z° and 1 mesons with yy decay over wide rapidity

e Compatible with zero and agreement with previous PHENIX results (35% of total lumi. used for sPHENIX)

22 May 2025

JaeBeom Park


https://indico.bnl.gov/event/27198/contributions/107409/
https://www.sphenix.bnl.gov/sPH-CONF-COLDQCD-2025-01

SPHENIX Trac

king Performance

40 ). SPHENIX Tracking

1~ O 2025-4-18, Run 53877
sPHERIX | o

Raud ' 200 GeV p+p > E(A°r) + X

B SPHENIX Tracking
"\ 2025-4-18, Run 53877
£ 200 GeV p+p > K%(r'm) + X




@]’ Tracking Performance (PID) SPHE

Boulder
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1000k=2555 . « Still at early stage of full calibration plans
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@]’ Streaming Readout Reconstruction SPHE

Boulder
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 sPHENIX streaming readout for trackers — Recorded ~200 kHz of unbiased p+p collisions

o Clear K(S) mass peak observed with two pion decay channel

* Mass peak consistent for all beam crossing : Successful reconstruction of streaming readout
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Tracking Performance (Hadron mass peaks)
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* Clear peaks visible for various hadrons including long-lived resonances decay channels

* Plots represent only 1h of data taking with early calibration!

— EXxpect precision measurements with full statistics & final calibration
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Tracking — Heavy Flavor / Quarkonia
Shorter medium evolution at RHIC energies { bl

mg > Agcp / Tocp -

© Production calculable in perturbative QCD
(even down to pt= 0 GeV)

o Negligible contribution from thermal production

O EXxperience whole space-time evolution

HF enable the understanding of drag / diffusion
coefficients, in-medium interactions etc.

QQ for deconfinement studies in heavy ion collisions

* Probing transport coefticients, heavy-quark
potential, ())NRQCD formalism etc. Parton/energylloss
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Tracking Performance (Heavy Flavor)
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« D0 and A, signal observed with statistical significance using only ~1h of data taking

o First measurement of A at RHIC in p+p collisions!
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Physics Projections With

Future Data Taking
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Projections towards full stats. & Au+Au (1)
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PAC24 Report : “sPHENIX collects at least 7/nb of data as the highest priority for Run 25”

Unprecedented kinematic reach at RHIC energies with sPHENIX!
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Statistical Uncertainty on R,

Projections towards full stats. & Au+Au (2)
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Importance of having full 7 nb-1 for precision jet substructure measurements
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@]’ Projections for accumulated p+p SPHE

Boulder
[BUP 2025]
?’D-\ 1_[[]]]]IIIIIIIIIIIIIIIIIIIIlll]llllllllllllll— (’b\o.7_
St - sPHENIX BUP2024 Projection - T F SPHENIX BUP2024 Projection
% . & 29 ob™' str. p+p ] % 06—~ O 2.4nb"recorded Au+Au
O - — 9§\ B -1 '
< 0.8¢ b 6.8 pb str. pap ] > o e 7nb’ recorded Au+Au Y(2S)
i S -1
g _ — Pythia8 (CR) E - O 13 pb | sampled p+p
| _ > N -
0'6_ ------- Pythia8 (Monash) | 04— ® 26pb sampled p+p
0.3
B » o» » o» » "
i ]‘ Y(1S)
0.2
B |
01 (o » <+ <+ » » i® {5
O:I [ | I L 1r 1 1 I L 101 1 | | I L 101 1 | L 1iu 1 I LAl 1 I L a1
0 1 2 3 4 5 6 7 8
p_[GeV]

T

« PAC24 Report : “The PAC sees all three of these proposed runs as fully aligned with RHIC’s
core scientific mission, and in fact as key elements of completing that mission”

* Crucial for Upsilon physics program, HF production/hadronization, HF-jets / HF-spin
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* PAC24 Report : “The PAC sees all three of these proposed runs as fully aligned with RHIC’s
core scientific mission, and in fact as key elements of completing that mission”

* Unique opportunity in understanding of collective behavior and characterization small systems
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Summary SPHE

e Successful installation and commissioning of the sPHENIX detector

* Begin to deliver physics results already surpassing previous RHIC kinematic reach

 sPHENIX public results : Public Page

* Requirements to complete RHIC’s science mission (2023 Nuclear Science Long Range Plan)
* Atleast 7 nb-1 of Au+Au
* Additional 13 pb-1 of p+p for the Upsilon program
* p+Au and O+0 provide unique opportunity to address key questions in small systems

* Valuable connection towards EIC physics
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SsPHENIX at 2025 AUM N

- ————VList of talks
. Rosi Reed “sPHENIX Run 25 Report” —————————————————————-]

. Daniel Lis “High-pT physics in sSPHENIX” |

2
3. Alexander Patton “sPHENIX Heavy Flavor Overview” |
4

List of posters
1. Yuko Sekiguchi “sPHENIX measurement of long-range two-particle correlations in high-multiplicity p+p collisions”

. Virgile Mahaut “The Cold QCD Program at sPHENIX”

. Tanner Mengel “Underlying event fluctuations and jet background in 200 GeV Au+Au collisions with the sPHENIX detector”
. Mariia Mitrankova “sPHENIX Alignment of the TPC Tracking Detector”
. Chenxi Ma “sPHENIX Armenteros-Podolanski plot”

. Ryotaro Koike “Sub-bunch-crossing Time Resolution of the sSPHENIX Intermediate Silicon Tracker”
. Takahiro Kikuchi “Measurement of the MBD Cross Section in Run24 Au+Au Collisions in the sPHENIX Experiment”

2
3
4
5. ltsuka Omae “The study of v2 vs. multiplicity with ZDC categorization at 200GeV in AuAu at RHIC”
6
7
8. Jaein Hwang “sPHENIX Performance of the Intermediate Si Tracker”

9

. Shuhang Li “Measurement of isolated prompt photons in p + p collisions at 200GeV with the sPHENIX detector”
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Run 2024 p+p 200 GeV dataset
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Jets 1n p+Au at RHIC SPHE

Highlights in 2025 AUM for unique opportunities in p+Au [Riccardo Longo (Wed 21 May) : Jets at the LHC]

A last, and personal, opinion ....

Run Event 216151362 . RHIC @ 200 GeV _ LHC @ 5.5 TeV (solid), 14 TeV (dash
ollisions: Au + Au @ VS = 200 GeV L .
e Book 2,4 arXiv:1207.6378
e - : E -
w . w
§os;~ 5038
After OUtStandlng §°'7? Quark Jet Fraction (LO) §°'7
efforts, sSPHENIX 208 206
- . I Eo.s:— ?:0.5
is now shining! S S
0.4} 04
§bs— Gluon Jet Fraction (LO) §0_3
0.2 0.2
0.1F 0.1
C A A 1 l A A N TN TN TN L l
% 20 40 60 80 % 50 100 150 200 250 300 350 400 450 500

100
P, (GeV/c) P, (GeV/c)

e STAR Forward - Jets @ RHIC have very different q/g mixing compared to LHC
5 | Upgrade is a major - |deal to study parton energy loss in a complementary regime

leap in the N _ |
experiment « Great opportunities are available for cold nuclear matter studies,
capabilities for color-fluctuations measurements, low-x investigations in p+Au... it
p+A would be invaluable to have a p+Au run before RHIC shutdown!

| am firmly convinced we would regret not taking this
opportunity

Riccardo Longo @
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