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sPHENIX
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The conclusion of a 20+ years scientific journey

2015 US NP LRP

● sPHENIX is the first new detector at any hadron collider in over a decade!
○ A compact detector with unique, purpose-built capabilities never before 

deployed at RHIC

● Different initial conditions and evolution for QGP at RHIC and LHC
○ Study of scale and temperature dependence 

https://science.osti.gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf


Heavy-flavor physics program
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Heavy-flavor jets Open heavy flavor Quarkonium HF spin asymmetry



The sPHENIX detector
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ZDC



Outer and Inner HCal
● First hadronic calorimeter at midrapidity at RHIC
● |η| < 1.1, full azimuthal coverage → HF-jets
● Hadron ΔE/E ~14% + 65%/√E
● EM-shower tail catcher
● Mechanical support for EMCal

The sPHENIX detector - calorimeters
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HCal installed in 
June 2022!



The sPHENIX detector - calorimeters
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EMCal: Scintillator fiber tungsten sampling 
calorimeter
● |η| < 1.1, full azimuthal coverage
● Identification of electrons from 

heavy-flavor decays
● Towers with ~0.025x0.025 in ηxϕ
● EM ΔE/E ~5% + 16%/√E EMCal installed in 

November 2022!



The sPHENIX detector - tracking
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Time-projection chamber (TPC)
● Ungated continuous readout
● Reconstruction of heavy-flavor decay hadrons
● 150 μm rϕ resolution
● Δp/p ~1% at 5 GeV/c charged particles
● TPC outer tracker (TPOT) used for calibrations TPC installed 

in January!



The sPHENIX Detector - vertex trackers
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MVTX: MAPS based vertex tracker
● 3 layers
● ALPIDE chip - near copy of the ITS2 from ALICE
● Fine pixel pitch (27 μm x 29 μm)

○ ~5 μm position resolution
● Low material budget (~0.3% X

0 
per layer)

INTT: silicon strip tracker
● 2 layers
● 78 μm pitch
● Single beam-crossing 

timing

INTT installed 
this month!

INTT+MVTX
● Reconstruction of 

heavy-flavor decay 
topology



RHIC run plan 2023-2025
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● Year 1: Commissioning, calibration and first physics

● Year 2: Cold QCD and heavy-ion reference

● Year 3: Large Au+Au dataset

… and ready for more.

Year Beam √s
NN

 (GeV)
Cryo 

Weeks
Physics 
Weeks

ℒsamp 
(|z|<10cm)

2023 Au+Au 200 24 9 4.5 nb-1

2024
p+p 200 24 12 45 pb-1

p+Au 200 - 5 0.11 pb-1

2025 Au+Au 200 24 20.5 21 nb-1

“The PAC urges BNL Management and the DOE to do 
everything possible to ensure sufficient beamtime to 
accomplish the physics goals in Runs 23, 24, 25 set 
out for sPHENIX in the 2015 NSAC Long Range Plan.”

PAC Meeting June 2022: https://indico.bnl.gov/event/15148/
PAC Recommendations: 
https://www.bnl.gov/npp/docs/2022-npp-pac-recommendations-final.pdf

sPHENIX Beam Use Proposal

https://indico.bnl.gov/event/15148/
https://www.bnl.gov/npp/docs/2022-npp-pac-recommendations-final.pdf
https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX_Beam_Use_Proposal_2022.pdf


Tracking resolution 
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● p
T

 resolution < 2% for p
T

 < 10 GeV/c

● Meets invariant mass resolution <125 MeV/c2 for 
ϒ(2S) and ϒ(3S) direct separation for the first 
time at RHIC

p+p fit



Quarkonium 
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● Centrality- and p
T

-differential R
AA

 
measurements

● Clear distinction of three Upsilon states
○ Probing the QGP with color dipoles at 

three length scales

● Kinematic range allows for comparison 
between RHIC and LHC measurements

ϒ(3S) - 0.78fm ϒ(2S) - 0.56fm ϒ(1S) - 0.56fm*Considering the ϒ(3S) suppression observed at the LHC. 
Nucl. Phys. A879 25, (2012).



Open heavy flavour: DCA resolution
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● DCA resolution in rϕ < 40 μm for p
T

 > 0.5 GeV/c

● Crucial for the open heavy flavor and heavy-flavor jets program

● Separation of prompt and non-prompt D0

○ Proxy for B mesons

[sPH-HF-2017-002]

https://indico.bnl.gov/event/3960/attachments/31206/49247/sPH-HF-2017-002-v1.pdf


Open heavy flavour measurements
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[sPH-TRG-2022-001]

● Study of heavy-flavor energy loss (R
AA

) 
○ Interplay between collisional and radiative energy loss

● Study of collective effects (𝒗
2

)
○ Access to the bottom quark collectivity

● High precision measurements → deeper understanding of the interaction mechanisms between 
heavy-quarks and the QPG

https://indico.bnl.gov/event/15845/attachments/40963/68517/sPHENIX_Beam_Use_Proposal_2022.pdf


HF flow, baryons, and spin asymmetry
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● Heavy-flavor flow: D0 𝒗
1

○ Separated for D0 and D0

● Charmed baryon Λ
c

○ Λ
c
/D ratio for central Au+Au and p+p

● D0 transverse single spin asymmetry in p+p at √s = 200 GeV



Heavy-flavor jets: D-tagged jets
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● Jets reconstructed with a D meson as one of the constituents
○ Full jet reconstruction → tracking + calorimeters
○ Strong rejection of combinatorial jets at low momentum

● Wide range of jet structure measurements

● Interesting comparison to b-jets and inclusive jets



Heavy-flavor jets: b-jets
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● First b-jet tagging at RHIC
○ Track DCA based tagger 
○ Secondary vertices tagger

● Full jet reconstruction → tracking + calorimeters

[sPH-TRG-2022-001]

https://indico.bnl.gov/event/15845/attachments/40963/68517/sPHENIX_Beam_Use_Proposal_2022.pdf


Summary
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● sPHENIX will have all the subsystems ready for data 
taking

○ First collisions in a couple of weeks!

● The conclusion of a scientific mission to probe the inner 
workings of the QGP and resolving its properties

○ Heavy flavor is an important part of this mission

● Unique capabilities to probe the QGP at distinct length 
and mass scales at RHIC

○ ϒ(2S) and ϒ(3S) measurements at RHIC

● Open heavy flavor and heavy-flavor jet physics programs
○ Precision tracking

■ Including hadrons originating from b quarks
○ Full jet reconstruction

■ b-jets and HF-hadron tagged jets



Backup slides
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Year Beam √s
NN

 (GeV)
Cryo 

Weeks
Physics 
Weeks

ℒsamp 
(|z|<10cm)

2026

p+p 200 28 15.5 80 pb-1

O+O 200 - 2 37 nb-1

Ar+Ar 200 - 2 12 nb-1

2027 Au+Au 200 28 24.5 30 nb-1

Potential 2 more years run 2026-2027
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Quarkonium measurements

Y(1S), Y(2S) and Y(3S) R
AA

 as a 
function of centrality

● Comparison to LHC 
measurements


