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sPHENIX detector

• First HCal at RHIC for jet measurement

• Precise tracking and vertexing with the tracking system for heavy-flavor physics

• Large data sample (15 kHz trigger rate)
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* sEPD(Event Plane Detector),
MBD(Minimum-bias detector),  
and TPOT(TPC Outer Tracker) 
not shown in the figure
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sPHENIX physics program

Jet structure
vary momentum/angular scale of probe 

Cold QCD
study proton spin, 

transverse-momentum, 
and nuclear effects

Quarkonium spectroscopy
vary size of probe

Parton energy loss
vary mass/momentum of probe

Υ(3𝑆) 0.78 fm
Υ(2𝑆) 0.56 fm

Υ(1𝑆) 0.28 fm

photon
gluon

𝑢, 𝑑, 𝑠

𝑐

𝑏

3

𝑏 '𝑏 𝑏 '𝑏 𝑏 '𝑏



Heavy-flavor physics with sPHENIX

sPHENIX schedule

First data in early 2023! 
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Towards the EIC!



Heavy-flavor physics with sPHENIX

sPHENIX construction

5



Heavy-flavor physics with sPHENIX

Tracking performance
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sPHENIX tracking system
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•Tracking and vertexing based on the ACTS package
Computing and Software for Big Science 5, 23 (2021)

Simulation with pileup
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Upsilon measurement
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Signal only

•Upsilon measurement via di-electron channel

•Clear separation of three Upsilon states

•Precise study of sequential suppression in the QGP
-Only chance to observe the fate of Υ(3𝑆) at RHIC!
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Heavy-flavor hadron measurement
•Heavy-flavor hadron reconstruction with KFParticle and kinematic selections

•Non-prompt hadrons can be further separated with DCA
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1.7<mass< 2.0 GeV
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Heavy-flavor hadron measurement
•Heavy-flavor hadron reconstruction with KFParticle and kinematic selections 

•Feasible to reconstruct 𝐷∗ and 𝐷"# with three daughters

9



Heavy-flavor physics with sPHENIX

Heavy-flavor physics with sPHENIX

𝐷-meson modification factor 𝐷-meson elliptic flow

•Precise measurement of prompt and non-prompt 𝐷-meson at 𝑝$ < 10 GeV/𝑐
to study mass-dependent energy loss and collectivity inside the QGP

•Significant constraints on diffusion coefficient and temperature dependence
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𝑏-jet measurement

Secondary Vertex Method
• Reconstruct SV using tracks inside a jet cone
• Select 𝑏-jet candidates based on 

the 3D flight distance of SV 

Track Counting Method
• Tracks from 𝑏-jet likely have large DCA
• Select 𝑏-jet candidates based on 

the number of tracks with large DCA
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First 𝑏-jet measurements 
at RHIC with sPHENIX!
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𝑏-jet tagging performance in p+p

•Simulation study with inclusive jets in PYTHIA8

•~60% 𝒃-jet efficiency and ~40% 𝒃-jet purity
with the track counting method
èPerformance compatible with CMS

•Properties of SV such as SV mass provides
further discrimination power and data-driven validation
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•Simulation study with inclusive jets in PYTHIA8 embedded to background events
from HIJING Au+Au of 0-4 fm

•~40% 𝒃-jet efficiency and ~40% 𝒃-jet purity with both methods
èPerformance compatible with CMS

•Very high purity of 𝑏-jet samples can be selected with a SV mass cut

𝑏-jet tagging in central Au+Au
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𝑏-jet physics with sPHENIX

𝑏-jet nuclear modification factor 𝑏-jet elliptic flow
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•First 𝑏-jet measurements at RHIC with sPHENIX
will provide important information on mass-dependent response inside the QGP

•Further study with di-𝑏-jet pairs (mass & 𝑝𝑇 balance) to suppress contribution 
from gluon splitting
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Outlook
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Precise study on heavy-flavor physics with sPHENIX!

First data in early 2023!!



BACKUP
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𝑏-jet physics with sPHENIX

di-𝑏-jet nuclear modification factor Ratio between di-𝑏-jet and di-light-jet
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•Study with di-𝑏-jet pairs (mass & 𝑝𝑇 balance) to suppress 
contribution from gluon splitting


