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Motivation for sPHENIX
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MAGNET Full electromagnetic + hadronic
calorimetry for unbiased jet
reconstruction and triggering
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https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6

SPHENIX commisiong and physics runs

2023
Au+Au 200 GeV commissioning

2024
p+p 200 GeV physics (107 pb-?! calo-only, 13.2 pb! full detector, 2.9 pb-! steaming)

AutAu2 00 GeV commi ssioning (used for tod:

2025
Au+Au 200 GeV physics (7 nb! target, currently 3 nb1)
Additional species:. p+p, p+Au, and/or O+O

Beam use proposal



https://indico.bnl.gov/event/25236/attachments/58307/100152/sPHENIX_Beam_Use_Proposal_2024.pdf

Standard candle
bulk measurements

Seetalk from ChengWei Shih

Tues 9' 14:20 Forum
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https://indico.cern.ch/event/1479384/contributions/6663048/

Bulk physics measurements

Motivation

U Energy deposition in heavy-ion collisions measures
A collision geometry
A gluon shadowing
ASaturation physics, ¢é.

UsPHENI X i s expected to match pr e vHB/ddwisdNgddp e
U These first SPHENIX measurements serve as standard candles to validate performance
U First physics publications

Calorimeter d  £./d £in Au+Au d N, /d £ in Au+Au

Phys. Rev. C 112, 024908
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https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://link.springer.com/article/10.1007/JHEP08(2025)075
https://link.springer.com/article/10.1007/JHEP08(2025)075
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https://link.springer.com/article/10.1007/JHEP08(2025)075
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d £;/d E in Au+Au collisions
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U Excellent consistency between EMCal and HCal
A Sensitive to energy deposit from different particle species
AExcellent cross check of orthogonal calibrations ( °vs. cosmic MIP)




d £;/d E in Au+Au collisions
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U The sPHENIX measurement is consistent with previous results
U AMPT best describes the sSPHENIX dE;/dd measurement
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https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://journals.aps.org/prc/abstract/10.1103/h8d5-swg6
https://indico.cern.ch/event/1479384/search?q=sphenix

INTT - INTermediate silicon Tracker

U Silicon Semiconductor Strip
Detectors

A78 em x 16 or 20 mm

U 56 staves/2 layers
A7<r<1lcm,|d| <fullti. 1,

U Precision Timing + Hit

Interpolation
AO(100 ns) - resolves bunch x-ing | o —an
. . ,r i i ) "'-'.1:_:,;._ inner - Y outer —
AO(10 £m) resolution in r-( N

AO(1 cm) resolution in z N "--1.-..;-. AR = \/(An)2 + (Ap)?

u

2 INTT posters (| N inner "y - outer

APerf or maRHENIX loft er medi at e
Ryotaro Koike _ _
NRecover of mal functioning

SPHENIX-I N T d e tTTE@MOKIOHARADA

The 2-layer INTT is used for tracklet reco.to measured N.,/dd 14



d NV, /d E in Au+Au collisions
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JHEP 08 (2025) 75 IS Talk Link

U The sPHENIX measurement is consistent with previous RHIC publications.

U HIJING best describes the sPHENIX dN /dd measurement
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https://link.springer.com/article/10.1007/JHEP08(2025)075
https://link.springer.com/article/10.1007/JHEP08(2025)075
https://indico.cern.ch/event/1479384/search?q=sphenix

Two posters on bulk physics In +

|

sPHENWIIX Studies of long-range two-particle correlations in
proton-proton collisions with sPHENIX

INITIAL STAGES 2025

Yuko Sekiguchi, RIKEN, for the sSPHENIX Collaboration

Abstract

The sPHENIX experiment at RHIC, starged operation in 2023, is a next-generation collider detector with broad pseudorapidity coverage and full azimuthal acceptance, enabling detailed =
studies of jet production, heavy-flavor physics, and collective phenomena in small and large systems. Long-range correlations in small collision systems provide essential information on the
early-time dynamics and possible collective behavior in QCD matter. In this poster, we present studies of long-range two-particle correlations in proton-proton collisions at Vs = 200 GeV,
focusing on silicon tracklet correlations reconstructed with the Monolithic Active Pixel Vertex Detector (MVTX) and Intermediate Silicon Tracker (INTT). The sPHENIX Event Plane Detector ™
) X sPHENIX measurement of

underlying event production in p+p
collisions at 200 GeV INITIAL STAGES 2025

SPHEQRUI X

Emma McLaughlin, Columbia University, for the sSPHENIX Collaboration

Abstract
The transverse energy from soft particle production in the underlying event (UE) associated with a high transverse energy jet is investigated in proton-proton (p+p) collisions at center-of-mass energy
of 200 GeV using the SPHENIX detector. Understanding the interplay between jets from the collision’s hard scatteri nd soft particle emission in the region azimuthally transverse to the event’s

hardest jet can inform our understanding of contributions to jet events in p+p collisions from multiple parton interactions as well as final and initial state radiation. The SPHENIX calorimeter system,
featuring both electromagnetic and hadronic calorimeters with full azimuthal coverage and wide rapidity acceptance, is well suited to make high-resolution measurements of jets and ene:
measurements of the underlying event transverse to the hard scattering in jet events. This poster shows first studies of the underlying event as a function of jet p; using simulations of the sPHE

calorimeter system in p+p collisions.




Standard candle
' bulk measurements

FirSt AU+Au and pp jEt & Seetalk from DaniellLis
photon measurements

Tues 9' 15:00 Forum
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https://indico.cern.ch/event/1479384/contributions/6663050/

Calorimetric jet measurements

p+p 200 GeV Run 43287 Event 1309578 2024/06/12 SPHENIX Preliminary ). sPHENIX Experiment at RHIC
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Jets are multiscale probes of the QGP
In p+p, jets test pQCD, useful for jet calibration, understanding jet resolution,..

Anti-k; Jets, clustered from massless calorimeter tower 18



Inclusive jet cross section In p+p

SPHENIX Preliminary U Unfolded cross section of R=0.4

p+pVs = 200 GeV, Lin = 16.6 pb” anti-k, jets in p+p collisions
anti-k, R=0.4

W <0.7 U Good stats all the way to 70 GeV
U 15% of the full p+p dataset used
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Systematic uncertainty

U Dominated by jet energy scale
uncertainty on the hadronic
response (from test beam)

U Expected to improve significantly
with future in-situ hadronic
shower studies
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Pushing to the highest p- jets observed at RHIC 19


https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://indico.cern.ch/event/1479384/contributions/6594173/
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Inclusive jet cross section in p+p

20

SPHENIX Preliminary U PYTHIAS8 Detroit tune agrees

p+tpf=ﬁzo% (iev’ Li =166 pb within uncertainties with data
anti-k, R=0.

el <0.7 U Comparison to NLO pQCD
calculation

A Calculation does not include
hadronization

———

sPHENIX Run 2024 data
PYTHIAS truth jet spectrum
NLO pQCD (No Hadronization)
Werner Vogelsang

30

40 50 60
P! [GeV]

SPH-CONF-JET-2025-03 IS Talk Link
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https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03
https://indico.cern.ch/event/1479384/contributions/6594173/
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sPH- CONF-JET-2025-01 IS Talk Link
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https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://indico.cern.ch/event/1479384/contributions/6594173/
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Clean vacuum dijet systems allow for precise energy loss measurements 22


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.252303
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01
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https://indico.cern.ch/event/1479384/contributions/6594173/

Raw and unfolded dijet X

X7 = pro/pr,1 Wherepnis 80 e

the leading jet S A 315 ap <407 Gev

p,, = 9.4 GeV
AP =3m/4

Analysis procedure ® PYTHIAS Reco

U Back-to-back jets are selected
>3 /4

U 2D unfolding in pr; and p4,

U Jet energy resolution dominates
systematic uncertainty
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U Pythia agrees with unfolded data
within uncertainties

X,

SPH-CONF-JET-2025-01 IS Talk Link
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https://indico.cern.ch/event/1479384/contributions/6594173/

dijet x;In p+p (all p+)
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Underlying event (UE) in Au+Au

In heavy Ions, jets sit on top of a fluctuating
= azimuthally -modulated underlying event

U Local fluctuations in the UE drive the jet
energy resolution

U Proper understanding of UE is needed

S for understanding jet performance
- 2% Underlying
IHCal event
EMCal
Jet
SPHENIX

Run/Event: 21615/ 1362
Collisions: Au + Au @ /syy = 200 GeV 2 5



Underlying event subtraction techniques

—

SPHENIX Preliminary | ¢ Area Method
Au+Au sy =200 GeVi o Myltiplicity Method
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SPH-CONF-JET-2025-01 IS Talk Link

U Placing cones with R = 0.4
randomly in minimum bias
events

U Measuring E- after UE
subtraction

U Distributions are centered
around O A successfully
subtracted UE!

26
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Au+Au dijet x|

U Unfolded X N EW' - . sPHENZIg(O grt\e/ﬁminary 0 10%
A > 7' /6, R=03 B4 D Riey e
AlLeading jet p; = 30.0 - 43.2 GeV 5l 300< p <432Gev — JEWEL+ PYTHIAD

P >101GeV
Ad) >7m/8

U First full-jet x; at RHIC
U Observe large suppression

U Only analyzing ~0.1 nb-!1 of Au+Au
data

U Qualitatively consistent with JEWEL
First SPHENIX measurement of energy loss 27
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Au+Au dijet x|

- SPHENIX Preliminary 0-10%

V% =200 GeV ®Au+Au data

' C antic o 4 p+p data

(i Consistent with all hybrid model Bl 3005 p. <432GeV VST ke -
. . . . p >10.1 GeV Hybrid - no Elastic w/ wake _
predictions with various forms of A 2 78 R

medium response

U R=0.3 x; Is relatively insensitive
wake and quasi-particle effects

Motivates a wide range of observables 28
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AB+Au dijet x, centrality dependence
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Centrality

29



https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-05
https://indico.cern.ch/event/1479384/contributions/6594173/

Au+Au dijet  x; RHIC vs. LHC

VAR Stronger vacuum
5E-Pb+Pb 2.2 nb™ kinematic

- pp 260 pb .
3282 < p, <316 GoV correlations at RHIC

- - pp m0-10% ®=40-60%

\|II[I|IIIIIIII\lIIIIlIIWIIIIIiIII

SPHENIX Preliminary

‘ﬁ 0-10%
200 GeV -@- Au+Au data
antl ki R=0.3 —4- p+p data
300< P <432Gev — JEWEL + PYTHIA-6

p_ >10. 1 GeV JEWEL w/ 4MomSub
L A6” > 78

anti-k; R=0.4

VS = 5.02 TeV

*different cone sizes

|TIII|IIII‘IIIN|IIII

5E-Pb+Pb 2.2 nb”
35 pp 260 pb’

-100<p  <112GeV  Prp > 32 GeV
- *pp =0-10% =40 - 60%

— -
7ﬂk §O2OTA(;V
06 07 08 08 Strong constraints on energy loss with
direct comparisons of RHIC and the LHC 30
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.029901
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ldentified probes of the Initial state

Prompt photons

U Primarily produced via hard scattering
ADirect access to initial state PDFs

AMeasure of recoiling parton in studies of
energy loss

Neutral mesons

U Input for PDF/TMDs & tests of pQCD

U Used for calibration of the
electromagnetic calorimeter
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Purity of prompt isolated photons

Irreducible background ( ~ 9, d,..) in signal region A must statistically subtract.
Data-driven purity measurement

SPHENIX Preliminary ‘ 1 SPHENIX Preliminary Iyl <0.7
p+p s =200 GeV p+p s = 200 GeV

Purity(P) = N}/ N,

20 < E; <26 GeV
In"l <0.7

¢ Data (Signal)
[ ] Data (Background)
[] Signal MC

Counts / Bin Width

—e— W/ sig. leak. corr.
—e— W/0 sig. leak. corr.
— fitw/ 68% C.L.

10 12 14 16 18 20 22 24 26
10 12 14

E?° [GeV] Er1GeV]

Example isolation energy distribution for data Measured purity

compared to :
and Signal MC Only small corrections from MC 32



d //d p; of prompt isolated photons in p+p

- — Data
g iree SRl (| Results unfolded for detector effect
! Lin =16.6 pb ..
Y IMIECR U 15% of the full p+p dataset used
S . <4Ge . .
X U EM energy scale dominant source for
== Data systematiC unc. A Expect to be
v improved with the full dataset g g
ot U Includes fragmentation photons A
NfLO _;OCS by W. Vogelgang
(no EF°/ mo=p =g = E})
g Theory
2 U Pythia8 Detroit tuning /
a UJETPHOX: NLO pQCD, CT14LO° !
PDF + BFG Il fragmentation
functions,

20 25

st (i NLO pQCD W. Vogelsang : no iso cut
SPH-CONF-JET-2025-02 IS Talk Link
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Photon -jet Au+Au projection

U Demonstrated capacity for photon-jet ..
Ny SPHENIX _!3UP2024 Projection p‘T > 30 GeV
U Target of 7 nb™ of Au+Au data b 07e sampled pry

2.4 n1b'1 recorded Au+Au 0-10%
(i Projected stats are adequate for PR
competitive AA gamma-jet uncertainties
with the LHC

& !
1.2 1.4

Photon+jet x ,

pp 5.02 TeV, 25 pb™
Pb+Pb 5.02 TeV, 0.49 nb™]
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Precision measurements of absolute
= energy loss around the corner

02040608 1 12141618
34

OO0

X



https://indico.bnl.gov/event/25236/attachments/58307/100152/sPHENIX_Beam_Use_Proposal_2024.pdf
https://arxiv.org/abs/1809.07280

Transverse single -Spin asymmetry

U Compatible with zero and agreement with previous PHENIX results
(35% of total luminosity used for SPHENIX)

U With larger acceptance and the use of forward collision vertices, a
wide range of rapidity differential measurements are possible.
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