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Overview

m SPHENIX Physics Program and Detectors

m [racking Reconstruction Progress

m Heavy Flavor (HF) and Quarkonia Physics Motivation and Projections
m Recent Studies and Results

m Assembly and Installation Progress

m Summary
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SPHENIX Physics Program

Jets and Photons

OHCal

IHCal

EMCal
MAPS+IT+TPC

Next generation of RHIC
detectors
Detailed study of:
* Quark-Gluon Plasma
produced at RHIC

sPHENIX G4 simulation
Pythia8, 50 GeV dijet event

* Parton energy loss and -
structure UpSIIOnS
* Mass dependent energy Y(3s)-
loss 0.78fm Y{23) =
p+p, p+Au, Au+Au collisions . 0.56fm  Y(1s) -
- . _0.28fm

b b
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https://indico.cern.ch/event/1039540/contributions/4737573/attachments/2399962/4104054/VBailey_WWND2022_sphenixJets_3_1_22.pdf

SPHE

m 1.4 Tsolenoidal B field

m 15 kHz Trigger plus streaming readout events
m [n|£11

m Full 2m azimuthal coverage

m “SPHENIX construction, installation and operation to
accomplish its science goals is now the overarching priority
for RHIC for the next 4-5 years” -

Year | Species sy | 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 | ptpt 200 |24(28) | 12(16) 0.3(0.4)pb~! [5kHz] | 45(62) pb~!

4.5 (6.2) pb~1 [10%-st7]

2024 | p'+Au | 200 - 5 0.003 pb~! [5 kHz] 0.11 pb~!

0.01 pb~! [10%-str]

2025 | Au+Au | 200 | 24(28) | 20.5(24.5) 13 (15) nb~1! 21 (25) nb~!

EPD not shown here

,2021.
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https://www.bnl.gov/npp/docs/2021-npp-pac-recommendations-final.pdf
https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

Tracking Detectors

m MAPS-based micro-VerTeX detector (MVTX):

30 um pitch MAPS pixels

3 layers, 2.3¢cm <r<3.9cm

~ 5 um space point precision each
5-10 us integration time

m [INTermediate silicon strip Tracker (INTT):

4 layers, 6 <r<12cm
Pitch 78 um
Fast enough to resolve one beam crossing
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Dean, Cameron.
Frawley, Anthony.

.Jun. 9, 2021.

. Oct. 25-27, 2021.



https://indico.bnl.gov/event/11952/contributions/49989/attachments/35157/57177/HF_at_sPHENIX_C_Dean_20210609.pdf
https://indico.bnl.gov/event/13477/contributions/55731/attachments/37881/62548/sPHENIX_quarkonium_program_October_2021_v2.pdf

Tracking Detectors

m Time Projection Chamber (TPC):
- 90:10 Ne-CF4 gas

- 8 cm/us electron drift
velocity

- 48 layers, 30 <r<78cm
- Ap/p~ 1% ath GeV/c

Dean, Cameron. .Jun. 9, 2021.
Frawley, Anthony. . Oct. 25-27, 2021.
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https://indico.bnl.gov/event/11952/contributions/49989/attachments/35157/57177/HF_at_sPHENIX_C_Dean_20210609.pdf
https://indico.bnl.gov/event/13477/contributions/55731/attachments/37881/62548/sPHENIX_quarkonium_program_October_2021_v2.pdf

Recent Progress in Tracking

Performance

* Requiring MVTX hits for HF analysis drops the

efficiency by ~5-10%
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Recent Progress in Tracking

Performance
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Implementation of TPC clustering designed to handle
overlaps should further improve efficiency and pT resolution
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https://indico.bnl.gov/event/13477/contributions/55731/attachments/37881/62548/sPHENIX_quarkonium_program_October_2021_v2.pdf

Upsilon Mass Reconstruction
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_ sPHENIX *{
oo SiMulation
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invariant mass (GeV/c?)
Frawley, Anthony. . Oct. 25-27,

2021.
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https://indico.bnl.gov/event/13477/contributions/55731/attachments/37881/62548/sPHENIX_quarkonium_program_October_2021_v2.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.112004
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Quarkonia Physics at sSPHENIX
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SPHENIX Projection
Y(1S) 62 pb™ trig. p+p
Y(2S) 21 nb" rec. Au+Au

Strickland,Bazow, N.P. A879 (2012) 25
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* Y(3s) state heavily suppressed
Uses expected luminosity from 2024 p+p run and 2025 Au+Au run
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SPHE
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

SPHE

Open Heavy Flavor Physics at sSPHENIX
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m R,, for bottom quarks and light quarks expected to be different for p; < 15 GeV

m Less significant for b-jets at higher p;
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- [ LIDO, arXiv:2008.07622 [nucl-th]
~ pQCD, Phys.Lett. B726 (2013) 251-256
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf
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m Collective motion of particles sensitive to initial stages of collision (deconfined QGP phase)

m Precision bottom measurements allow better constraints on heavy quark diffusion
transport parameter of QGP and its temperature dependence

,2021.
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

m RHIC and LHC data suggest significant
enhancement of A, baryon to D® meson
production ratio in p+p, p+A, and A+A
collisions

sPHENIX enables first p+p A, /DO
measurement at RHIC
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Open Heavy Flavor Physics at sSPHENIX
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

KFParticle Package

DCA(K*n™)
Decay length,
decay time

IP and IPy? = (£> :
Topological cuts used to

./‘_ A 9> ______ create unique PID
,,,,,,,,,_,i,—,ff_f_ffj'__»,f_f,iif e assignments during heavy
- flavor reconstruction

cos = ——= =DI
Ip||FD|
Sacha Gorbunov and Ivan Kisel. . May 2007.
Sebastian Tapia Araya, Cameron Dean, Jin Huang, Hideki Okawa, and Zhaozhong Shi.
. April 2021
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https://www.star.bnl.gov/~bouchet/KFParticle/DOC-2007-May-14-1.pdf
https://indico.bnl.gov/event/11336/attachments/33986/54794/sPH-HF-2021-001.pdf
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Sebastian Tapia Araya, Cameron Dean, Jin Huang, Hideki Okawa, and Zhaozhong Shi.
. April 2021
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https://indico.bnl.gov/event/11336/attachments/33986/54794/sPH-HF-2021-001.pdf

Measurements Requiring D° / DO
Separation

>‘- 0,1:‘ — —————————————1—] .: <:Z OOS_HI;;E];I;;Dllll;lllITlllllll)lo/lDll)l(lF;llolls;lllz
0.08 SPHENIX Projection, Years 1-5 - S QISERoN; PP~ B % .
0.06 0-80% Au+Au, Res(¥)=0.37 ] 0.02F —e— 6.2 pb’'str. p+p, Years 1-3 E
0.04 E - Kang, PRD78, A, = A =0 -
0.02F R 001 imemmes Kang, PRD78, A, = -A, = 70 MeV -
oF : B -
~0.021 .H 3 oF ‘ ¢ 4 F .
o ; —0 ] B i
004= 0 b = 001 e =
—0.06F © © sPHENIX, Year 1-3, 21nb‘1 rec. Au+Au e §
_0 08:— ¢ ¢ sPHENIX, Year 1-5, 51nb" rec.+str. Au+Au] T —— N
~"F % & STAR, 10-80% Au+Au, PRL123, 162301 - -0.021~ T
01 205 0 0.5 1 0 05 1 15 2 25 3 35 4 45 5
Rapidity P, [GeV]

m Clean separation of v1 allows for quantitative access to initial B field in heavy ion collisions

m Transverse single spin asymmetry (TSSA) measurements able to be separated instead of averaged
over D° / DO together

,2021.
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

DO / DO Separatlon - Track (K or m mass assumption) I

DO PV \+t|rzjck (K or m mass assumption)
Truth D° Momentum Reconstructed D° / DO Momentum
- T - ] g [T o 2Reconstructed D° Masses
35000} = 3900 3 N p+p — D° (1K) or D (wK?) ]
: 1 O ® 1.95Vs=200 GeV
30000 z 8001 3 % Exploration with signal only
25000 - 700~ = =
- ] : X
20000 . 600 E 2 1385
¥ ] - =
15000/ : =05 E g
Pythia8 Simulation 1 F Pythia8 Simulation 8
10000P+p — D° (r*K) E 400 p+p — D° (m*K) S
Truth momentum ] E Truth momentum = -
K ti ] g K* ti ] :
S0 St " 3o e
EXploration Wit SIgnell ORV. .14 4 o, 200F. ., 1, , EXploration with signgl only 1
7 175 18 18 19 195 2 17 175 18 185 19 195 2 1.85 1.9 1.95 2
Invariant Mass [GeV/c/2] Invariant Mass [GeV/c/2] Invariant Mass K+ & - [GeV/c/2]
m 3 MHz p+p pileup simulation data
m Even without PID detectors, D® / DO can be separated based on reconstructed invariant
mass through sPHENIX's precision tracking
m Multivariate analysis ongoing, early results show clean separation at 80% signal efficiency
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D / DO Separation
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SPHE
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Even without PID detectors, D° / DO can be separated based on reconstructed invariant
mass through sPHENIX's precision tracking

Multivariate analysis ongoing, early results show clean separation at 80% signal efficiency
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Data Taking Timeline

oHCal and solenoid magnet completely
installed

IHCal sectors being installed in support
structure to be moved and installed in
assembly hall

EMCal, TPC, INTT, and MVTX assembly all
going well, installation coming soon

Busy year ahead for the collaboration!
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MVTX Progress

These parts in the picture

Thanks to Ho-San Ko and Cameron Dean for the
pictures!
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INTT Progress
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https://indico.bnl.gov/event/14929/contributions/60458/attachments/39918/66555/20220218_General_Meeting_INTT_F.pdf

TPC Progress
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https://indico.bnl.gov/event/14039/contributions/58328/attachments/39076/64636/TPC_Status.pptx

EMCal Progress
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https://indico.bnl.gov/event/14514/contributions/59391/attachments/39921/66537/BNL_Update_02182022.pptx

HCal Progress
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SPHE

Summary

m SPHENIX is poised to deliver on its physics goals and projections beginning with
commissioning in early 2023

m Detector assembly and installation is underway

m Reconstruction and analysis software being tested with mock data challenges
(MDC)

m DY/ DO separation study will allow us to probe initial B field and take separate TSSA
measurements

m Excited for data-taking beginning next year!
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Questions/Comments?
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EXTRA: D° / DO Separation
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FIG. 6: The SSA as a function of P, for D" (left) and D” mesons (right) at mid-rapidity, y = 0, and /s = 200 GeV. The
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EXTRA: Recent Progress - Mock Data

Challenge 1

m MDC1 - First use of complete Day-1 analysis chain

3/4/22

Pythia 8.3 event generation, 200 GeV collisions

Simulation/digitization with full detector description

Reconstruction using A Common Tracking Software (ACTS) and KFParticle
Analysis over inclusive HF signal samples

50 million cc¢ events ~ 0.2 pb™* or four-day data taking

50 million bb events ~ 30 pb1 and 6xthe integrated luminosity of Min Bias p+p
collision data in first three-year run plan

Single event multiplicity, no pile-up from collisions with different bunch crossings
Light flavor background still being produced, not included here
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EXTRA: ¢c,b —» D° - K™m* Channel
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EXTRA: D] > K™K~ @™
Df - ¢t - KTK~n™ Channels

3/4/22

450 T T T T
SPHENIX Simulation ]

<+ PYTHIApp 1

— Total _;

D"’ D*‘ ----Background _f

s .

(6)]
O O
RERRNRERN

||YI|||l]IllIl!lllllIIlIll!lIIII

IJIIlIII\lIII

ll|Il|1||ll|‘|ll||llll|l|

~
i |
ool
—
o

sPHENIX Collaboration | WWND Conference

851.9 1.95 2 205 21 2.15

Events/5 MeV

300_ T 17T I TT1 17T I L I UL l UL l L l T T 1T T T 7T ]
- SPHENIX Simulation ]
250} - PYTHIA pp ~
i D, — ¢ m — KK x — Total ]
200[ Im, - m,| <42 MeV =Backgiolind - 3
i D; )
1501 -
100, , %' b e
’
S0 .
0:1 111 I 1111 I 1111 I 1111 | 1111 | 1111 I 1111 I 111 I—
1.75 1.8 18519 195 2 2.05 2.1 2.15

m,,.. [GeV]




