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Overview

»Detector & data-taking
»Bulk measurements
»Jets

»Photons

»Heavy flavor



Motivation for sPHENIX

»Study high-pT and
heavy probes of the
guark gluon plasma

Jet structure Quarkonium spectroscopy

What this requires

»QGP (Au+Au) and a
reference (p+p)

»Powerful DAQ and
trigger system

»Large acceptance in n
and ¢

»Acceptance for hadrons
and EM particles

»Precision tracking
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Overview

»Detector

»Bulk physics measurements
»Jets

»Photons

»Heavy flavor



Bulk physics measurements

Motivation

»Energy deposition in heavy ion collisions measures
« collision geometry,
 gluon shadowing
* saturation

»SPHENIX is expected to match previous experiment’s
measurements of dE;/dn or dN_/dn

» These first SPHENIX serve as standard candles to | ; ' ; Nucleus
evaluate calorimeter calibrations, pixel efficiency,
centrality calibration..
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Event selection and global detectors

Minimum Bias Detector (MBD)

» Cherenkov tubes

> Trigger

»0O(0.1ns) timing - vertex z measurements
» Centrality

Zero Degree Calorimeter (ZDC)

» Cherenkov fiber sampling calorimeter
»Event selection to remove backgrounds

MBD: 3.51 < |n| < 4.61
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Calorimetry

%025 SPHENIX H Cal

o, W, OHCal cosmic ray data .

g o »A¢pxAn: 0.1x0.1
»Steel-plate scintillating-tile

sampling calorimeter
»Projective geometry

L S »Calibration: compare measured
Tower energy deposition [GeV] MIP peak from COSIT“C ra.y
muons in data to simulation

OUTER HCAL

EMCal
gzz SPHENX N > A¢xAn: 0.025x0.025
=z >1.3GeV, >0.7 GeV 7 - - - -
e AT INTEATLETEEE > Tungsten-scintillating fiber

S0 fD F sampling calorimeter
006 : il > Projective geometry
on4p =l > Calibration: n°—>éy mass peak to
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dE;/dn in Au+Au collisions

SPHENIX |
CAutAu |5 =200 Gev  L2/EMCal ¢ 5HCal | [4]Full Calorimeter

[ 0-5% 1 0-5% 1 0-5%
[ [ e 1 e ] I Il - - u u = | [ A A A | A
I l

L ®
e [ o [ o T e

/dn [GeV]
2,

| e

- 5-1 {)%. T T 5.11]%A = ——
I e e e B R T | |
10-20%

dE,

10-20% 10-20%

20 I30=y. — ' Lo | = | e
- _ano,
° 20-30% 20-30%

30 4| 0°/. [ e ] | [ e | l n | [ 4
- _-AN°,
° 30-40% 30-40%

[ e ] e [ e ||

[ 4
—40-50% = |

1°40-50%

T 40-50%

>
=
o
p -
)
c
Q
O

| [ @ [Te T o | o | e ° = m [ = [a | a | & [ a1 a [ a i
50-60% L o | 0 LT; l 50-60% |

-1 -0.5 0 0.5 1 1 05 0 05 1 ~1 -0.5 0 0.5 1
n n n

»EXxcellent consistency between EMCal and HCal
* sensitive to energy deposit from different particle species
« Excellent cross check of calibrations




dE;/dn in Au+Au collisions

SPHENIX
AU+AU Sy = 200 GeV
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»SPHENIX measurement is consistent with previous RHIC results
»improved precision in peripheral collisions
»AMPT best describes the sPHENIX dET/dn measurement
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https://arxiv.org/abs/2504.02242

INTT - INTermediate silicon Tracker

»Silicon Semiconductor Strip
Detectors

e /8 um x 16 or 20 mm

»56 staves/2 layers
e 7<r<l1lcm,|n| <11, full @

»Precision Timing + Hit

Interpolation
* O(100 ns) - resolves bunch x-ing \ '-"*-.-_::_;-‘, Pinner = Pouter =AA<D
. . \ Minner = Nouter = 811
* O(10 pym) reSOIgt'or_‘ inr-@ A\ N\ / -. AR = /(An)2 + (A
* O(1 cm) resolution in z Ny <I>outeIr

The 2-layed INTT Is used for tracklet reconstruction to
measure dN,/dn 12



dN_ /dnpin Aut+Au collisions

»Two analysis methods to count tracklets, cluster pairs that point
back to the event vertex in events with no magnetic field
* The combinatoric method - closely follows the PHENIX/PHOBOS measurement

* The closest-match method - adapted from the CMS measurements
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dN_ /dnpin Aut+Au collisions
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»The sPHENIX measurement is consistent with previous RHIC publications.
»HIJING best describes the sPHENIX dNch/dn measurement
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https://arxiv.org/abs/2504.02240

»Detector

»Bulk measurements
»Jets

»Photons

»Heavy flavor

Overview
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Underlying event (UE) in Au+Au

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

»Local fluctuations in the UE drive the jet
energy resolution

»Proper understanding of UE is needed
for understanding jet performance

»UE has been quantified in different ways
e Area: subtracts the average energy (ALICE)

event « Multiplicity: subtracts based on jet constituent
multiplicity (new : Phys. Rev. C, 108(2):L021901)

<PHENIX * |terative: subtracts mean energy from towers,
Run/Event: 21615 / 1362 estimated with surrounding towers removing

Collisions: Au + Au @ /syy = 200 GeV areas from jetS (ATLAS) 16

2% Underlying

IHCal
EMCal

Jet




Underlying event subtraction techniques

—

= »Fluctuations quantified by
SPHENIX Preliminary . ¢ Area Method placing cones with R=0.4
AutA sy, =200 GeV:  wultiplicity Method - . -
05% Coniral 1Ty ive Method randomly in minimum bias

s events and measuring E; after

UE subtraction
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»Three methods yield similar
results, with slightly smaller
fluctuations in iterative
method
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around 0 > successfully
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https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01

Underlying event fluctuations in Au+Au
Procedure

—

SPHENIX Preliminary ~ * Basic Cones
Au+Au \s, =200 GeV Randomizedn¢
0-5% Central

1. Randomize tower positions

2. UE subtraction
3. Random cones
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Underlying event fluctuations in Au+Au
Procedure

SPHENIX Preliminary ~ * Basic Cones
Au+Au \s,, =200 GeV  » Randomizedné
0-5% Central + High ET Probe

1. Randomize tower positions 4 Embed
2. UE subtraction e

3. Random cones
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not impact UE estimation
»Introduce Pythia hard scattering

» Correlated fluctuations

»Non-zero residual UE with full

Pythia dijet event 5 EF®Y [GeV]



https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01

Au+Au commissioning data - p+p

20



Calorimetric jet measurements

). sPHENIX Experiment at RHIC
p+p 200 GeV Run 43287 Event 1309578 2024/06/12 SPHENIX Preliminar spHEeMix Collisions: p + p @ VSyy = 200 GeV
| Run 43266, 2024-05-20, Event 1447921
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Dijets are useful for: jet calibration, understanding jet resolution,
measurements of jet quenching in Au+Au collisions, ...

Anti-kr R=0.4 jets, clustered from massless calorimeter tower 91



Dijet A distributions

=1 10
>A¢ between jets corrected bin-by-bin 23 SPHENIX Prolminary
based on truth to reco | E 8 ik Ai04
31.2< P, < 40.7 GeV
p., = 9.4 GeV
. . . A¢ = 3mn/4
»Pythia agree with data best in most + ba
back- to-back region ~PYTHINS
—Herwig 7.

»Data more sharply peaked than Herwig
simulations
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https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01

Dijet A¢ distributions

SPHENIX Preliminary

p+p Vs =200 GeV

anti-k, R =0.4

20.9 = =p;,< 31.2 GeV
= 9. 4 GeV

Aq) = 3n/4

— SPHENIX Preliminary

p+p Vs =200 GeV

anti-k, R=0.4

31. 2<p <407GeV
= 9. 4 GeV

Aq) = 3n/4

— SPHENIX Preliminary

p+p Vs =200 GeV

anti-k, R=0.4
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= 9. 4 GeV
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Raw and unfolded dijet x,

X ] = DT 2 / DT 1 Where p., is o co e
' "~ the leading jet S A

P, = 9.4 GeV
AP =3m/4

Analysis procedure o PYTHIAS

o PYTHIA-8 Reco
e Data Unfold

»Back-to-back jets are selected Ap>311/4 L oPeRee

»Pythia + Geant4 similar to data at
detector level (open markers)

»2D unfolding in p; and p,

»Jet energy resolution dominates
systematic uncertainty
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PYTHIA-8 / Unfold
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»Pythia agrees with unfolded data within
uncertainties



https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-01

SPHENIX Preliminary
p+p Vs =200 GeV
anti-k, R =0.4

209 <p_ <312 GeV

-

p,, =9.4GeV
A¢ = 3n/4
o Data

—PYTHIA-8
—HERWIG 7.3
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Inclusive jet cross section in p+p

»Unfolded cross section of R=0.4

SPHENIX Preliminary ) anti-k, jets in p+p collisions
p+pVs = 200 GeV, Lin= 16.6 pb

anti-k, A=0.4 »Data corresponds to ~15% of total
m™1<0.7 luminosity recorded in 2024

»Minimum bias event counting used
for luminosity

) [pb/GeV]

T

Systematic uncertainty

»dominated by jet energy scale
uncertainty on the hadronic
response

»Expected to improve significantly
with future In-situ hadronic shower
studies
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https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03

Inclusive jet cross section in p+p

- »Pythia8 Detroit tune agrees within
SPHENIX Preliminary

04D¥S = 200 GeV, Lur = 16.6 pb” uncertainties with data
anti-k, R=0.4

Wil <0.7 »Comparison to NLO pQCD
calculation

e Calculation does not include
hadronization
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sPHENIX Run 2024 data

PYTHIAS truth jet spectrum
NLO pQCD (No Hadronization)
Werner Vogelsang
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https://www.sphenix.bnl.gov/PublicResults/sPH-CONF-JET-2025-03

»Detector

»Bulk measurements
»Jets

»Photons

»Heavy flavor

Overview
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Identified probes of the initial state

Neutral mesons

»Input for PDF/TMDs & test for NLO

pQCD

»Used for calibration of the
electromagnetic calorimeter

q 4 q 4
Direct photons
»Primarily produced via hard scattering
 Direct access to initial state PDFs
« Measure of recoiling parton in studies of
energy loss ; . .



Single-spin asymmetry

»Probe the spin structure, transverse momentum
distributions, of the proton

»Use identified T1° n in
singly polarized
collisions with EMCal

6 =P [CeVIST spHENIX Preliminary

p'+p Vs =200 GeV

>
[
=
A
~~
[4}]
et
C
-
Q
(&)

Calculate yields N(¢,,) WO+ - VION G+
In signal and bkg regions /Nt + 7) + /N ()N (¢ + )

\ 0 e i,
02 03 04 05 06 07 08 09 1

M,, [GeV]

SPHENIX Preliminary

p'+p Vs =200 GeV

Yield combinations as a function of ¢,
Fit with €(9) = -€ sin(¢)

Final observable | Av = €¢/P

30




Transverse single-spin asymmetry

(n)= 093 070 0.62 0.61 0.62 0.66

p'p — %X SPHENIX Preliminary

® SPHENIX 2024, m>0 p'+p Vs =200 GeV
O PHENIX PRD 103 (2021) 052009, Il < 0.35

7% polarization scale uncertainty not shown

do' — do*
Ay .
do! + do! s 0002

0

-0.002
2 25 3 35 4 45 5 55 6 65 7

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

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

31


https://www.sphenix.bnl.gov/sPH-CONF-COLDQCD-2025-01

Direct photons Signal Extraction of

yID
C: non-tight, D: non-tight,
isolated non-isolated
B: tight,
isolated non-isolated

Signal yields : v4 = NA

signal T

1SO
ET

raw

. (NB _fB,MCNA

»Signal

* |solated EMCal cluster (little near-
by particle production)

« EMCal cluster which is consistent
with a single photon

»Background (1, n,..)
« Come In jets, non-isolated

« EMCal cluster consistent with
multiple incident photons

»Irreducible background in
signal region = must
statistically subtract.

»Data-driven purity
measurement

(NEIW _fCMCNﬁgnaI) }

si um!) |
& (NEIW - fD’MCNégna!)

32



Purity of prompt isolated photons

SPHENIX Preliminary - SPHENIX Preliminary In"1<0.7 ]
p+p s =200 e.e\’ﬁ ] - p+p Vs =200 GeV |

20 < E; <26 GeV | ~ Purity(P) = N%/N,
hTVI < 07 : Th
¢ Data (Signal) i .
[] Data (Background) 0.6f
[] Signal MC i :

Counts / Bin Width

0.45

- —— w/sig. leak. corr,

02 o wio sig. leak. corr.

- —— fitw/68% C.L. _
\II|III‘III|III|\II|III‘I\I|II\|\II
B 10 12 14 16 18 20 22 24 26

10 12 14 Y
E* [GeV] Er [GeV

Example isolation energy Measured purity
distribution for data compared to -
Sanc and Only small corrections

signal MC from MC 33




fo/dndE} [pb/GeV]

Theory / Data

do/dp, of prompt isolated photons

SPHENIX Preliminary
p+p s =200 GeV
‘C'int =16.6 pb-1

—e— Data
¢ PYTHIA8

m NLO pQCD JETPHOX

CT14 PDF / BFG”lI FF
U =u =u_ = E."I.
f F R

NLO pQCD by W. Vogelsang
(no EiTsof wo=po=p = E-’l-)

Data
»Results unfolded for detector effect
»15% of the full p+p dataset used

»EM energy scale dominant source for
systematic unc. - Expect to be g
Improved with the full dataset

»Includes fragmentation photons =

Generator / Theory ,
»Pythia8 Detroit tuning g q

»JETPHOX: NLO pQCD, CT14LO PDF +
BFG Il fragmentation functions,

»NLO pQCD W. Vogelsang : no iso cut

34
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»Detector

»Bulk measurements
»Jets

»Photons

»Heavy flavor

Overview
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Tracking system

MVTX: Maps-based VerTeX detector B SPHENIX Tracking
> Inner most deteCtOI" sPH E@ 2025-4-18, Run 53877

200 GeV p+p - E(A°) + X
» 3 layers
* O(10 um) vertex position resolution
* 4 us integration time
« Copy of ALICE ITS2 inner barrel

INTT: Discussed earlier

TPC: Time Projection Chamber

» GEM based gaseous trift detector

» Target momentum res.. Ap/p =0.02 at ~ 5 GeV
> 14 us drift time

TPOT: TPc Outer Tracker
> Provides reference/calibration for TPC

36



K_.° reconstruction and performance

4/2/2025 04/02/2025
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Triggered bunch

. Data recorded after trigger
crossing

bunch crossing ~40ps

First demonstration of successful extended streaming readout
Extended readout is critical for heavy flavor program 37



Heavy flavor mass peaks

2

$

Candidates / (12 MeV)

Illlll‘IIH‘IIIIlI

I SPHENIX Preliminary
— p+p Vs =200 GeV
- Early Calibration
C n=1862.6x2.1 MeV
o =10.5+ 1.7 MeV
Yield = 248+ 44

| |IIlI

4/3/202

Data

Fit

D’ K + c.c.
Comb. Bkg.

0 MeV)
- N
(0] ()
o o

—
N
o

Candidates / (1

120}

2.

»0Observe first signal of D° and A, decays
»from ~1 hour of p+p data and early stage calibrations

04/06/2025
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e [l)ata | | sPHEI\lllX Prelilminary:
- —Fit p+p Vs =200 GeV -
N . -, W=2285+4 MeV -
Ac—pKTHC.C. (o 128436Mev |

Comb. BKkg. Yield = 101 + 33
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Future: putting it together

HCAL

'- : Clusters
neutral | .
hadron : HH detector

ECAL X
Clus};érs

(/ Tracks
Comiceton |||

\\

We have all the components to,

SPHENIX Preliminary

p+p (s = 200 GeV

Data 15" <0.7
® Jet, anti-k_R=04
m oy B0 cagev

O L =16.6 pb” (Jet)
i\‘ ] £’jn| =152 Pb_] ("l')

NLO pQCD No Hadronization (W. Vogelsang) ﬂ‘
— Jet, amt_i-kT AR=04 N
y (no EX°)
-

» Track-calorimeter matching to constrain hadronic response uncertainties, more precise

EM scale, jet calibrations, etc.
» Combine signatures like y-jet
» Large statistics tracking physics analyses
»Ready to analyze large statistic Au+Au
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Upcoming collisions from RHIC

sPHENIX Physics Target in Run-25: 7 nb ! (50B events)

SPHENIX Run-25 Projection

Collision Species Cryoweeks Projected luminosity, |z| < 10 ¢cm p+p, 107 pb” (Run-24

' ' > Jets
Au+Au 200 GeV 20 24-4.2nb ! recorded () 7 Direct Photons

O 0 Charged Hadrons
Au+Au 200 GeV 28 3.6 - 6.4 nb~! recorded O (13 pb™' only)
| ' ' f Au+Au 0-10%, 7 nb™*

It Au+Au luminosity target is met, ordered priority list for additional running;: o e Jets

: . | @ ® Direct Photons
Collision Species | Physics weeks Projected luminosity, |z| < 10 ¢cm > ', ® Charged Hadrons
1. p+p 200 GeV 8 13 pb~! sampled + 3.9 pb~! streaming
2. p+Au 200 GeV 5 80 nb~! sampled + 24 nb~! streaming : 4

0O 10 20 30 40 50 60 70 10C

3. 0+0 200 GeV 2 13 nb~! sampled + 3.9 nb~! streaming

GeV

40


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

Summary

»First sSPHENIX publication of dE{/dn and dN,,/dn which
achieved the expected performance of these standard candles

»Competitive preliminary jet measurements with a straight-
forward path for improvement

« Similar for photon measurements

»Demonstration of the successful triger+streaming readout and
detector timing system for high-statistics precision tracking

»>First reconstruction of D% and A,
« Ready for large scale tracking physics analysis

»Excited for the start of Au+Au beam time 41



Thanks for listening
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Underlying event methods

lterative method Area method Multiplicity method
1. Identify seed jets 1. Measure average 1. I\/Ie(cjasulre averag?
2. Measure the eta- ' underiying event per
dependent underlying u.nde.rlylng event tower
event 2. Find jets and 2. Find jets and subtract
3. Subtract measured subtract average average underlying
EO”V‘JS{'PQ\?& event at the underlying event. eve_ntgbased on
4. Repeat 2 and 3 with estimate of number of
' improved seed jets background towers
5. Find final jets
Random cones N N
5E1ter _ Z Esub 5El%rea = Z Eti— pA * Acone 5E1%/hﬂt = Z ET,i — PM - N
T =0 i=0
i=0
Embeddlng Slm Jets 5ETMult ES“J;LC’COH —POM - (Nconst - <Ns1gnal> ETSlm

OE T Iter — ET ]et ET,sim _ pUncorr.

OET Area = ETjer — PA - Ajet T ETsim 43



dN_ /dnp and dE;/dn in Aut+Au collisions

SPHENIX
Au+Au \s, =200 GeV
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isions

ic coll

last

pp ine

sPHENIX Run 2024 pp /s=200 GeV
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