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Overview

The Relativistic Heavy Ion Collider (RHIC) at first 24 years

The 25th – last – year of RHIC and what’s next for RHIC?

Electron Ion Collier (EIC) the next (ultimate(!)) QCD frontier 

Early physics, early start through subprojects (details in Rolf’s presentation)

Between RHIC and EIC

Science and elements of transition, various dependencies and tasks 
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14-Jan-01 W.A. Zajc
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Origin of proton 

spin

➢ Gluon’s 

contributions

➢ Anti-Quark 

contribution



RHIC 
1st Collisions
Monday, June 12, 2000
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RHIC 1ST Results 
QM 2001 at Stony Brook
January 2021 
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Ludlam and McLerran

Physics Today 56 (10), 48–54 (2003) 

Initial State of Nuclear Collisions: 

Color Glass Condensate : At the future EIC
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RHIC has operated phenomenally well 
and continues to be super-productive

Recent highlights from RHIC



Injector Complex
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RHIC Integrated Luminosity
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• Dramatic increase of RHIC performance as a result of ongoing accelerator R&D, 
accelerator improvements, and replacement of obsolete technology



PHENIX Publications Summary
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Data taking ended in 2016, but analyses & publications continue



STAR Publication Summary
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Continued strong publication and 

presentation record across all 

Physics Working Groups

Continued steady growth in citations

99% of STAR papers uploaded to HEPData, remaining 2 papers are newer and on track 

to be uploaded soon

Journal review: 13; Collaboration review: 3; Active GPCs: 30

➢ 2023: 21 published    6 PRL, 8 PRC, 4 PLB, 2 Sci/Nat, 1 JHEP

➢ 2024: 12 published + accepted: 1 PRL, 4 PRC, 3 PLB, 1 PRD, 1 Nat, 1 PRX, 1 PRR 

Observation of Antihyperhydrogen-4 at RHIC, 

accepted for publication in Nature

Observation of the electromagnetic field effect 

via charge-dependent directed flow in heavy-ion 
collisions at the Relativistic Heavy Ion Collider, 

the first PRX paper in heavy ion physics.



sPHENIX science, status and progress 

Detector completed in 
time for Run 23
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The last remaining component of 

“finishing the RHIC mission” : 2023 LRP  

Plan: 

Commissioning & Au-Au run 2023

Operation with polarized (p-p) 2024

Operation with Au-Au 2025

Run 23: Commissioning cut short by DX 
magnet failure – run cut short, 
additionally:

• Limited luminosity |z| < 10 cm
• Beam background prevented MVTX 

operation
• Time Projection Chamber unstable 

Run 24: 
• Late start of Run 24 requested
• Significant work done on MVTX, TPC
• Isobutane, a flammable gas needed as a 

quencher. TPC has worked well since 8/19
• Allows 5-weeks with p-p collisions

A 3-week Au-Au run is planned as an 
ultimate test for full sPHENIX Au-Au 
operation

Despite a lot of difficulties now the detector 
is ready: Three out of four physics 
thrusts expected to yield impactful 
results

Anticipating a large Au-Au data set in 

(FY25+FY26) in CY2025π0 and 𝛈 invariant mass distributions

• 0.01% of collected data Data analyses easily until 2035



Priority and Run 25 & 26 Plan (PAC)
Complete RHIC mission successfully and timely  

Run 24

18+2weeks of p+p  and 6* weeks Au+Au

Run 25/26

FY25 (20-2) weeks of Au+Au at 200 GeV:

FY26: Potential Run 26 ~12 weeks  

Dates: March 24-June 30 and Sep 1-December 22, 2025

End-Game: 1) To accumulate 7 nb-1 integrated Au-Au data, 2) EIC (APEX 3 
weeks) and the if there is time: 3) p-Au (~3-weeks) 4) O-O data 5) Space Radiation 
studies @ STAR (fixed tgt)

PAC meeting online planned June 17-18, to 2025 get the best advice for FY25/26 
operation
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RHIC operations slated end 
in ~December 2025
Transition to Electron Collider begins with “Removal and Repurposing”



EIC 2023 → 2025
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Reuse the entire Yellow RHIC ring, delay the 

41-GeV bypass (a Blue RHIC arc)

Implement a new room-temperature HSR 

injection line

Drop SHC, add LEC

Move RCS out of the collider tunnel

Delay the 28 nC/bunch and the 18 GeV 

capability implementation (ESR and RCS)

These design decisions motivated by resolving design uncertainties, challenges and risks to EIC 
performance, safety, and future operation and maintenance. 

There is no change to the performance parameters and intend to keep the cost the same.



RHIC Tunnel Reuse

       CDR concept (2021)





Sectors 1 and 5 now

Sector 5 with a new

HSR injection line

Sector 1 without and with the 41-GeV 

bypass line 



RHIC to EIC transition
NPP and EIC ALD’s and the directorate working closely 

After successful completion of RHIC operations mission change from RHIC 
operations mode to EIC Construction. 

During the transition years: 8-10 years, NPP (C-AD and Physics staff have various 
responsibilities)

• Help finish RHIC data analyses 

• Archive all data (PHENIX, STAR and sPHENIX) for 20+ years

• Staff transition from C-AD/Physics to EIC directorate to realize the EIC and ePIC – 
in partnership with JLab

• RHIC/EIC Injector complex (source, LINAC, booster, AGS  and many RHIC 
related hardware in that complex) needs to be maintained and kept ready for EIC

• Allow NASA Space Radiation Lab & Isotope Program to continue

All this be done with EIC project plan, despite the annual funding…
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A proposal for the start of the EIC 

science program

The ePIC collaboration will fine-tune 

and adopt the physics 



EIC Early Science Program 
All components of the NAS Report Science start in phased Approach 
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1 2

3

Limit 1

Delay of hadron 

low-energy bypass

Limit 2

Delayed RF for 18 

GeV e 

Limit 3

Delayed 28 nC and 

SHC 

Early Science 

Reasons for limits



Physics between RHIC & EIC data taking

Often referred to as the “dark period” – I disagree

A large number of papers will be produced by the RHIC collaborations

Recent lessons from HERA (HERA operation ended in 2006) both H1 and 
ZEUS archived data well. New (theory) ideas developed since 2006 have 
been tested and explored using H1 and ZEUS data and hence 2-5 
publications a year have started emerging. Expect the same for RHIC in the 
next 10 and then again when EIC data are available.

Last but not the least: Ample data with polarization and DIS with nuclei will be 
acquired at JLab12. Ample opportunity for RHIC (& LHC) and Jlab users to 
collaborate on such novel cross correlating topics
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From RHIC to EIC: Outlook

A hectic time but an exciting time as we move towards the EIC

The phase 1 EIC – impactful early results, will prepare us for the 
ultimate machine and its physics

Lot of work of transition, construction and commissioning 

Let us try to keep the “transition” period as short as possible but also 
recognize that this is also the time of large QCD data sets to be 
analyzed both at RHIC and JLab 
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