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The sPHENIX Physics Program

- Y(1s) 0.28fm
~— Y(2s) 0.56fm
Y(3s) 0.78fm

| Quarkonium spectroscopy
Ty vary size of probe

) Parton energy loss
‘ SPHEWRIIX vary mass/momentum of probe
Jet structure u,d,s
K vary momentum/angular scale of probe
- @
photon

Cold QCD gluon

study proton spin,
transverse-momentum,
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sPHENIX Detector @

First new detector at RHIC in 20 years!

Tracking: High rate DAQ and trigger systems 100x statistics
O MAPS-based Vertex Tracker O 15 kHz trigger + streaming for low py
(MVTX) readout for tracking detectors heavy flavor
O Intermediate Silicon Tracker inpp
(INTT) Event Characterization:
' Time Projection Chamber O Minimum Bias Detector (MBD)
(TPC) 1 Event Plane Detector (sePD)

J TPC Outer Tracker (TPOT) O Zero Degree Calorimeter (ZDC)

MAGNET

Superconducting Magnet

SEPD

J 1.4T solenoid magnet

MVTX

TPC

Calorimetry:
1 Electromagnetic calorimeter

(EMCal)
1 Inner hadronic calorimeter First HCal at
(IHCal) . S
_ . mid-rapidity at
1 Outer hadronic calorimeter RHIC
(OHCal)
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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 | plpt 200 |24(28) | 12(16) 0.3 (0.4) pb~! [5kHz] | 45(62) pb~!

45 (6.2) pb~! [10%-str]

2024 | pT+Au | 200 - 5 0.003 pb~ [5 kHz] 0.11 pb~?

0.01 pb~1 [10%-str]

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

«2023 - commissioning of detector, RHIC and data operations in Au+Au
«2024 - high statistics p+p reference and p+Au cold QCD data
«2025 - high statistics Au+Au data
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The Real sPHENIX Detector
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Event Characterization
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Event Characterization

7/21/2023
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Calorimetry: Outer HCal

Simulated Energy Deposit in Scintillators[MeV]
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Calorimetry: Inner HCal

® _ SPHENIX Experiment at RHIC
/f' Data recorded: 2023-05-22, 02:07:00 EST

Run / Event: 7156 / 12

Collisions: Au + Au @ 200 GeV

L B L
__SPHENIX Preliminary
" Au+Au \s, =200 GeV . .r=- -

—

10°
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Good correlation
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Calorimetry: EMCal @

- SPHENIX Preliminary ~ 6/13/2023

- Au+Au |s,, = 200 GeV 56k events
mp> ADC,, .. < 275,000 ‘ # w

mww

# cluster ADC > 500
'¢ Inphotonl <0.7

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
OO 100 200 300 400 500 600 700

Di-Photon Mass [ADC]

20

|||*m

Di-photon mass distribution shows
expected ¥ peak
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Tracking

Calibration
\TPOT

\TPC

\
\

Momentum \

\

\

Timing\

Vertexing
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X

Tracking

sPHENIX Time Projection Chamber
First collision with TPC

2023-06-13, Run 10771

Au+Au sqrt[s_NN] = 200 GeV

Hits in the TPC
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sPHENIX Physics
Projections




Jet Physics rrc@R

Projected yields, 3 year run proposal \ s 1.2

TTr "1 [ rrrrrrrrr

B LU B L L

% 10" g x - SPHENIX BUP 2022 0-10%Au+AuYears1-3—
O 10° - 5. SPHENIX BUP 2022 p+p A= o gf pg sami ;:;fw -
2 8 2. Years13 O Jets - nb' rec. AutAu 1
f 10 - 80 O Direct Photons B or 32 nb samp: AutAu
o 10 e 0.8 -= directy —
E’ - Dﬁ. [0 Charged Hadrons - ) T
> 106 ‘s Ce Au+Au 0-10% [ jet ’
5 g Uee ® Jets 0.6~ o it =
10 DD. * Dﬁ. ® Direct Photons - I -
104 DD’;. Daaa. ® Charged Hadrons 0‘4:_ R S N APPSR ‘A'%‘%"I"I' _:
10° Bome, ue - n
..t B :
Dag '.'. [= =
10 - e - i
Q?’* Da§ ol bty 1y 1 i pelhay il

| WURETTRETNL i 11 7 U ¢, S W DO 0 10 20 30 40 50 60 70 80
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k SsPHENIX beam use proposal p [GM pT
T

] Jet measurements up to high pt

3 years
» overlap with LHC measurements
Signal Au+Au 0-10% Counts | p+p Counts
] Precision measurements at low py Jets pr > 20 GeV 22000000 11000000
_ Jets pr > 40 GeV 65000 31000
] High stats also for
, Direct Photons pr > 20 GeV 47000 5800
»  photons (y-jet measurements)
: Direct Ph \Y 24 2
> charged hadrons (fragmentation irect Photons pr > 30 Ge 00 70
functions, substructure) Charged Hadrons pr > 25 GeV 4300 4100
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https://indico.bnl.gov/event/15845/attachments/40963/68517/sPHENIX_Beam_Use_Proposal_2022.pdf

What we can learn at sSPHENIX: Jet v, e

Open question: What is the path-length dependence of energy loss?

From the LHC
LU T R SRS I L PO SR N L T L P U R BN S L LU LU I TR SRR
> 012 arXiv:2111.06606 ATLAS
0.1 Pb+Pb \s,, =5.02 TeV,2.2nb"
0.08 anti-k, R =0.2, [y| < 1.2 3
0.06]; i 20-40%
- % ]
0.04F f } E
= (1T e . :
0.02:_ + i o + e
~ -— o ~ N~ - o - 0;‘ """""" 4 """"""""""""""""""" +' """""""""" '_:
Cartoon from M. Rybar _0.02E- E
- [I& 20-40% Jet, this result [¥ ] 20-30% h*, CMS .
—0.04 1 & 1 30-40% h*, CMS [ @ ] 30-50% Jet, ALICE 2.76 TeV —]
O 06 :_ [% 7] 20-30% Jet, ATLAS 2.76 TeV[ % | 30-40% Jet, ATLAS 2.76 TeV_:
2 TI 1 L l 1 1 1 L I 1 L1 1 I 1 1 L1 I 11 L1 I 11 L1 I | B I Y | I | [ | I_
v, at low pr > flow 50 100 150 200 250 300 350 400
1 v, at high pt (i.e. jet v,) > energy loss por pi [GeV]

correlations with initial geometry

>  path-length dependence of ] Precision measurements of jet v, at high p+

energy loss
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http://arxiv.org/abs/arXiv:2111.06606

What we can learn at sSPHENIX: Jet v, e

Open question: What is the path-length dependence of energy loss?

In sSPHENIX
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v, at low pr > flow Jetp_[GeV]

1 v, at high pt (i.e. jet v,) > energy loss

correlations with initial geometry

>  path-length dependence of ) Precision measurements of jet v, at low py

energy loss »  Constrain models of path-length
dependence of energy loss for jets near
QGP medium scale
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What we can learn at sPHENIX: R dependence H@

Open question: What is the interplay between out of cone energy
loss and medium response vs. jet structure dependence?

) Competing effects can lead to

From the LHC larger or smaller suppression for
g 18— , —— large R jets:
S - SPHENIX BUP 2022 -
=z 16 0-10% Au+Au, Years 1-3 > Recovery of out of cone
x N 62 pb'samp. p+p ]
3 14 %JF 21 nb'rec. Au+Au - energy
% 1aF % ?<H>+ E > Inclusion of medium response
x r ] , - "
) IS SO L ‘+‘ ___________ E » Jets with wider splittings lose
- ] more energy
0.8~ ]
06E [ o ALICER™=06 - .
: o ATLASR™=05R, 1 = Models need input from
0.4~ , o~ CMSR™=06 experiment to balance these
102 10° effects
Py [GeV]

1 Tension in LHC results at low py
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What we can learn at sPHENIX: R dependence H@

Open question: What is the interplay between out of cone energy
loss and medium response vs. jet structure dependence?

) Competing effects can lead to

In sSPHENIX larger or smaller suppression for
o 18— , —— large R jets:
S - SPHENIX BUP 2022 -
=z 16 0-10% Au+Au, Years 1-3 > Recovery of out of cone
& b ‘H> 4} # o e oy energy
Q‘:i 12k *I**H% E > Inclusion of medium response
x i ‘]L' ___________ E » Jets with wider splittings lose
: more energy
0.8 J J -~ SPHENIX R®' =05
06k % a % } o~ ALCER™ =06 .
' I o ATLAS R™ =05, R, - ) Models need input from
0.4~ o o~ CMSR™=06 experiment to balance these
102 10° effects
p* [GeV]

Precision measurement in region ) Tension in LHC results at low o
of tension from LHC
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What we can learn at sPHENIX: R dependence H@

Open question: What is the interplay between out of cone energy
loss and medium response vs. jet structure dependence?

In JETSCAPE

0.8 I I | I I | I I | | I ' | | I I I ] I | 1
AuAu (0-10%), +/snv =200 GeV (a) From July 2022 RBRC Predictions
- anti-kr, |7l <1 .
for sPHENIX workshop paper
0 6 - e R= 0.4 = . . .
: - B—0.6 M - R Predictions for the sSPHENIX physics program
Bfﬁ L == R=0.8 L”E:?nlfrgfye : : : : : :.l Ron Belmont?, Jasmine Brewer®, Quinn Brodsky®, Paul Caucal?, Megan
E Connors®!, Magdalena Djordjevicf, Raymond Ehlers&Y-2, Miguel A.
- Escobedo™, Elena G. Ferreiro®, Giuliano Giacalone’, Yoshitaka Hatta*!, Jack

Mazeliauskas®, Yacine Mehtar-Tani*"!, Genki Nukazuka"!, Daniel

e Pablos®"*, Dennis V. Perepelitsa®!*, Krishna Rajagopal®, Anne M. Sickles™!,
. J'I- === - Michael Strickland¥, Konrad Tywoniuk¥, Ivan Vitev®, Xin-Nian Wang?,
b b JETSCAPEvV3.5 AA22 tune Zhong Yang™, Fanyi Zhao®

0'2||||||2|0||||I||||I||||50
T(GeV)

JETSCAPE predicts no strong R
dependence to Ry,
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http://arxiv.org/abs/arXiv:2305.15491

Other jet measurements in sPHENIX

Photon + Jets
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Heavy Flavor Jets @

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

Single b-jets di-b-jets
§ 1.2"lllIIIIII'IIl'llllll'lll”lll”‘ 12""I""I"‘'I""I""I'"'I""I"'
o -~ SPHENIX BUP 2022 1 & [ SPHENIX BUP 2022, 0-10% Au+Au Years 1-3
1~ brjet Anti-k;r R=0.4, 0-10% Au+Au, Year 1-3 = 4 di-b-jet, p_ >15GeV,p_ >10 GeV
L p+p: 62pb " samp., 60% Eff., 40% Pur. i - p+p: 50 pb”, 60% Eff., 40% Pur.
0.8 Au+Au: 21nbrec., 40% Eff., 40% Pur. 2 0.8f AutAu: 21 nb rec, 40% Eff., 40% Pur.

lllllllllllllllll

—g = 1.8
0.6 ] [ ] + ] 0.6 —g =20
0.4F- ey 0.4
- [ LIDO, arXiv:2008.07622 [nucl-th] i h
0.2~ pQCD, Phys.Lett. B726 (2013) 251-256 = 02 N T
L —— g™d-20 ) - . }
-1111111111=121.21 1111111111 1111111111_ e L L L L L L 1
0 15 20 o5 30 35 40 45 %5 40 45 50 55 60 65 70 75
P, [GeV] Di-jet invariant mass [GeV/c?]

or/

h
/ ) b-jet tagging using DCA tagger for
Secondary Secondary vertices

Vertex
o 7
L///' o » mass dependence of energy loss

QoPal o » back-to-back b-jet measurement
Vertex %;J R reduces contribution from gluon
b-jet glpcijsr%ich Spllttlng
/ B-hadron (DCA)
or photon
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Open Heavy Flavor Physics e

é 1 _6 T T T T T T T | T T T | T T T | T T T | T >N 0.25 T T T | 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

14F E - E
[ 6.2 pb’'str. p+p, 21 nb™" rec. Au+Au . 0'2: 21 nb”" rec. Au+Au, Res(¥,)=0.5 .
1.2 — B- — - ]
F 0 g N1 oasE = B-D°
1} - 0o - - P t DO .
- -~ Prompt D™ ] 0.1 romp =
0.8_ — T __ E l", \\ E
F i oo S/ 0 Tl =
0.6:.' ] e ooocoooo.¢”**+_1\:
0.4 -] OF * + H—]
0.2f T _00sE - D-meson (fit to STAR PRL118) -
0: | | 1 | oy - B-meson (m_scaling) .
0 2 4 6 8 10 _ P ST S P R

Gev] 0% 2 4 6 8 10

p_[Ge

p, [GeV]

IMeasure using sPHENIX precision track and vertex reconstruction

IVary the mass of QGP probes:
» Mep >> Ngcp =2 produced primarily in early hard scatterings
» Study mass dependence of collectivity and energy loss
» Provide constraints on diffusion transport parameter of the QGP
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Quarkonia @

IITIIlllwlllllllllllllllllll—

L] |

sPHENIX Simulation
0-10% Au+Au Vs = 200 GeV
24 billion events

Events / (50 MeV/c2)

Mass(e'e) [GeV/c2]

_Illlllllllllll]llllll]ll { I lI
07 8 9 N g e
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0.8
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|III|III|III|III|III

® SPHENIX Y(1S)
® SPHENIX Y(2S)
®  SPHENIX Y(3S)
"1 STARY(1S)
] STARY(2S)

+ ¢ 9

IIllIIIllIllIIIIIIIIIIIIIIIIIIIIIII

------- STAR Y(3S) 95% Upper Limit

L

SPHENIX Projection
Years 1-3, 0-60% Au+Au
21 nb™ rec. Au+Au, 62 pb™' samp. p+p

STAR data: PRL 130 (2023) 112301

SRR

++ + M

OO

4 5 6 7 8
Transverse momentum [GeV/c]

9

JExcellent mass resolution will allow for separation of three upsilon states
I Measurement of Y(3S) suppression allows for test of models
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Small Systems @

N 0-4‘—'"'I""I""I'"'I""I""I""I—
035F. SPHENIX BUP 2022, Years 1-3 ER g':j_,a " SPHENIX BUP 2022, Year 2, p+Au 0-10% 7
oaf. PHAUSONb’tig. Res(¥;)=0.2 33 3 *, Res(¥,)=0.20 (sEPD) E
E —®— SPHENIX Prompt D°, 0-20% 1 ¢ "'“E* & Hadrons ]
0.255 o cMsS D°, p+Pb High-Mul 1% o -
0.2  ©  PHENIX u, d+Au 0-20% = 0.08* 3
0.15- 4 ooeP® E
0.1 + ﬁ% Lo +<:> ¢+ Q é. E 0.04 ' —
0.05F 4 } - 0.02f *’i‘ S S S { ---------------- =
Ot | = e E
0.0 b td 00 25 30 35 40
pT [GeV] Jet or Hadron P, [GeV]
IHeavy flavor flow in p+Au: 1Jet/high p; hadrons p+Au:
» Collectivity in small systems » Cold nuclear matter effects
» Potential for energy loss in small
systems
» Cold QCD spin measurements
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Summary "

IsPHENIX detector provides:

» Electromagnetic and hadronic
calorimetry with full azimuthal coverage

outto || < 1.1 |
. . . . ) N SPHENIX Experiment at RHIC
> ngh pl’eCISlon traCklng and Ver'te)(mg N ) Data recorded: 2023-05-22, 02:07:00 EST
Whawty RUN / Event: 7156 / 12
» Fast readout rate QY Coliisions: Au + Au @ 200 GeV

IDesign allows for:

» High statistics samples of hard probes
(jets, photons, high prcharged
hadrons, heavy-flavor)

» Complimentary measurements to LHC

IMeasurements will improve our
understanding of small-scale behavior of
the QGP

JCommissioning with beam began May 18th
. Significant progress in just 10 weeks!

I Looking forward to first physics
measurements soon!
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