
Hot and Cold QCD: 
status and outlook of experiment

summary from community outreach

ÅI agreed to provide this in early December

ÅI reached out to the two flagship facilities, EIC project, ePIC, user groups and 
LHC experiments

ÅI am reporting what I have received ς some information only in last days

ÅI offer my apologies in advance for what is undoubtedly incomplete 

ÅI assume that further meetings will expand on this 
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BNL Expectation and Planning
NSAC LRP 2023 recommended finishing the RHIC science program before transitioning to the 

EIC at BNL

                          Completion of the program implies:

Å Take enough Au+Au data for sPHENIX (sPHENIX proposed: 7/nb and RHIC PAC supported)

Å Take enough p+p data for comparison (sPHENIX proposed: 13/pb and RHIC PAC supported)

Runs FY25

RHIC ops budget for sPHENIX operations

Funding enough for 18 weeks

Run FY26 (Budget still not known)

Guidance DOE to expect RHIC ops budget of 12 Weeks

 We decided to combine the budgets of FY25+FY26 to address the RHIC physics program. 

  Together we call it Run-25. (The last RHIC run).

Total FY25+FY26 run = Run-25 = 30 weeks of RHIC operation to complete the RHIC Program 

(mainly for sPHENIX, but also STAR needed Au+Au, p+Au and other some operations). 2



BNL PAC Recommendations
RHIC PAC recommended for RHIC-Run-25 (last RHIC operations)

Å Highest priority: secure at least 90% of 7/nb Au-Au

Å Second priority: p-p comparison run if there is time (sPHENIXôs desire 13/pb over 8 
wks)

Å Third priority: p-A if there are 5 weeks + 3 week of setup time

Å Fourth priority: fixed target Au beam on various targets (STAR) only

Å Fifth priority: O-O & Alpha-Alpha

Å Sixth priority: Zr+Zr & Ru+Ru

Å Critical accelerator related R&D on CeC and other cooling studies: ~3-4 days
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Reality 
ÅRun-25 started end of March 2025, but we lost three months due to a magnet 

   short that had to be fixed by warming up part of the blue ring.

ÅRHIC ops started June 10, 2025, and 30 weeks end on January 20, 2026 (with 

   two ~2wk interruptions that had to be fixed).

ÅAu+Au at 200 GeV - sPHENIX need of 7/nb (and equivalent, data sets for STAR)

Å94% of the above goal was accomplished by December 8, 2025

ÅSwitched to p+p (polarized) on December 8, 2025 for serving as comparison run 

   for sPHENIX

ÅVery challenging goal to achieve 13/pb by January 20, 2026

ÅSTAR decided to sit it out with no collisions - to allow sPHENIX to achieve their 

   goal faster

ÅIf there is timeé.. go down the list of experimental collaborationôs desires (see 
above).
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Outcome

Fortunate:

ÅWe got almost all (94%) of the sPHENIX desired Au-Au data in a combined 

    FY25+FY26 run

Unfortunate :

ÅOnly 12 weeks in FY26 resulted in forgoing the 5+3 week long p-Au data 

   STAR forward upgrade

ÅEven the second priority of 13/pb may not be barely reached by January 20th.

ÅWith DOEôs further input and discussion, may be able to squeeze a few more 
days to do some essential accelerator R&D for the EIC and/or a critical 2-3 days 
physics operation (for example fixed target Au beam program).
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Update on January 9th 2026 
via email from BNL ALD Abhay Deshpande

ÅsPHENIX p-p operation will continue until 8:00AM, January 23, 2026
ÅAPEX/CeC test will take over for one day and will continue until 8:00AM, 
January 24, 2026
ÅSTAR Au-Au fixed target will run for 4 days (at 4.5 GeV CM) and ~2.5 days (at 
4.2 GeV CM) ends 8:00AM January 31, 2026
ÅEIC related Accelerator R&D takes over and runs until (at least**) 
until 8:00AM February 4 th **
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I am writing to update you on the RHIC operations for FY26. I am very happy to let you 

know that the likely last day of RHIC operation will be February 4, 2026** . This is a 

welcome increase from the planned 12 weeks (operation which would have ended 

around January 21st, 2026).

In view of this increase, I propose the following new running scenario. This run-scenario 

has been reviewed & supported by the DOE.



Overall observations: highlights:
ṉ A typical RHIC operating year is somewhere between 22-26 weeks

 ǅ FY25 was 18 weeks

 ǅ FY26 is 12 weeks

ṉ sPHENIX was challenged significantly to reduce their expectations to 
achieve the science goals both on Au-Au and p-p data sets with the 
reduced operations

ṉ STAR will not get any data for its p-Au data using its forward upgrades

ṉ Based on FY26 funding, we are also expecting tightening budgets for 
BNL research groups.

We will make the formal transition to EIC at the end of RHIC Ops: 
that would be on February 5th 2026.
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CEBAF focus: transition from hadronic to partonic 
degrees of freedom

ÅNucleon structure:Precision measurements of form factors and parton distributions 
reveal how quarks and gluons are arranged and bound.

ÅExcited states & resonances:Mapping the baryon spectrum tests how QCD 
confinement generates mass and structure.

Å3D imaging of quarks:Generalized Parton Distributions (GPDs) from Deeply Virtual 
/ƻƳǇǘƻƴ {ŎŀǘǘŜǊƛƴƎ ŀƴŘ ƳŜǎƻƴ ǇǊƻŘǳŎǘƛƻƴ ƎƛǾŜ ŀ άǘƻƳƻƎǊŀǇƘƛŎέ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ 
nucleon.

ÅShort-range nuclear forces:Studies of correlated nucleon pairs show how QCD at 
the quark level translates into the nuclear force.

ÅExotic matter:Searches for hybrid mesons and gluonic excitations test predictions of 
QCD beyond the simple quark model.

ÅTests of the Standard Model and Fundamental Symmetries:  Precision 
measurement such as MOLLER making ultra-precise measurements of the electron's 
weak charge and the weak mixing angle to search for physics beyond the standard 
model. 
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Jefferson Lab Research Used in 1/3 of all U.S. 
bǳŎƭŜŀǊ tƘȅǎƛŎǎ  tƘΦ5ΦΩǎ

9



Within appropriated funding, CEBAF delivered 
effective operations

ÅOptimal CEBAF operation defined in an SC wide exercise in July 

2022 as 34 weeks, with a budget to achieve optimal of $144.2M 

(FY23)

Å Incremental week of operation cost ~$750k in FY25

ÅConcerted effort improves SRF cavity performance and drives 

higher CEBAF reliability FY25 results: 86.7%

ÅThe energy and trip rates now meet MOLLER experimental 

requirements

ÅJefferson Lab has 1,736 users in FY25

Optimal weeks
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wŜŎƻƳƳŜƴŘŀǘƛƻƴ мΥ  ¢ƘŜ ƘƛƎƘŜǎǘ ǇǊƛƻǊƛǘȅΧ/ƻƴǘƛƴǳƛƴƎ ŜŦŦŜŎǘƛǾŜ 
operations of the national user facilities ATLAS, CEBAF, FRIB, and 
completion of the RHIC science program
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JLab users input .. in their own words..
ÅNot enough funding to accomplish the number 1 recommendation: 

  increase graduate student salaries without cutting the number of 

  students supported.

ÅInternational collaboration and coordination has become more challenging.

ÅRecruiting graduate students is becoming increasingly challenging.

ÅFate of strategic opportunities seems dire under current funding profile.

ÅThere is no evidence of any progress in realizing SoLID.

ÅSupport for DOE facilities/projects such as JLab and the EIC appears to 
remain relatively intact, while university-based research has been 
significantly affected. In the long term, expect the productivity of user-
driven facilities/projects to decline due to insufficient funding for their 
users. 11



Since the 2023 LRP, ATLAS has released more than 20 heavy ion papers, 80% of which are led 
by US institutions.  

Important results in this period include
ÅSystematic elucidation of bulk properties of hot & dense matter: combining a range of nuclear systems, sophisticated 
observables (including new measurements of radial flow), and small systems
ÅComprehensive studies of jets in the medium, both probing correlations of jets at a wide range of momentum and 
angular scales, and revealing the connections between jet quenching and jet substructure
ÅHot QCD measurements have also been performed in oxygen and neon collisions, giving us new opportunities to 
understand the relevant spatial scales, and creating excitement over a future light ion program at the LHC
ÅMeasurements of jets, vector mesons and exclusive final states produced in photonuclear and photon-proton processes, 
using the intense photon beams provided by the ions themselves.  

These provide some of the best direct constraints on nuclear PDFs and probe physics beyond the Standard Model.

Scientific goals for the next phase of HI running (Runs 4 and 5) (say 3 each)
ÅHigh statistics measurements taking advantage of an order of magnitude increase in luminosity.  This will particularly 
benefit measurements in particular regions of phase space, e.g. the most central collisions where fluctuations probe 
substantially different temperatures.
ÅProbe the longitudinal aspects of the system evolution using the extended pseudorapidityreach of the new ATLAS 
tracker, which will be particularly important for jet quenching and flow observables.
ÅPrecision measurements of BSM and photonuclear processes (e.g. using jets, open and closed charm)

Input from ATLAS Heavy Ions I
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Status and deficiencies/delays of the planned US-focused HI upgrades at the LHC
ÅContinued HEP support of LHC program will provide a powerful detector for the next generation of hard probes 
measurements in heavy ions (particularly those involving jets, photons, electrons, muons).  The US ATLAS HI community 
is fully committed to supporting this program and is excited about the physics it will enable, particularly to elucidate the 
remaining mysteries of hot QCD.
ÅHowever, the loss of ATLAS (& CMS) ZDCs has major impacts on both the minimum-bias and UPC programs, making 
triggering on the most peripheral and ultraperipheral collisions much more difficult, if not impossible in some cases.  

Connection to the next phase of the US program, and impact of cuts on the future of NP 
ÅThe funding cuts to the ATLAS HI program will lead to many lost opportunities for the future of the combined 
community (both hot and cold QCD), and will have impacts on the EIC program
ÅWithout a vigorous ion program, with a full complement of ZDCs, we will not have have addressed important scientific 
questions by the time the EIC is built

- Detailed measurements of nPDFsthrough jets, charm and vector mesons
- Studies of particle and jet correlations which could provide clues to nature of QCD saturation, and the color glass 
condensate

Without full support of the LHC heavy ion program, including ATLAS, several generations of graduate 
students and postdocs (who will be future scientific leaders) will have lost the chance to take part in 
active data taking operations and data analysis in the years preceding the EIC

Input from ATLAS Heavy Ions II
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Input from ALICE experiment at LHC I
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Input from ALICE experiment at LHC II
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Since the publication of the 2023 Long-Range Plan, LHCb has published many 

measurements addressing the plan's core questions.

 - Studies establishing a link between nuclear geometry and hydrodynamic flow 

in fixed-target collision   https://cds.cern.ch/record/2942834 

 - Studies of light - and heavy -quark hadronization and QCD radiation

patterns in jets  https://arxiv.org/abs/2511.10216    Phys. Rev. D112 (2025) 072015 

Phys. Lett. B869 (2025) 139854

-  Spin -dependent hadronization studies in proton-lead and fixed-target 

collision https://arxiv.org/abs/2508.02009  JHEP 09 (2024) 082

 - Studies of hot QCD effects on quarkonium production from small to 

large collision systems  JHEP 05 (2025) 011  JHEP 07 (2025) 235 

JHEP 04 (2024) 111 JHEP 11 (2025) 169

Input from LHCb
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- Studies of hydrodynamic behavior in small collision systems   JHEP 10 (2025) 124

 - Studies of tetraquark hadronization and hot-QCD effects on tetraquark production  

                               EPJC 85 (2025) 562.  Phys. Rev. Lett. 132 (2024) 242301

 - Studies of matter at high gluon densities using ultra-peripheral heavy-ion collisions.              

                        JHEP 11 (2025) 103

The recently upgraded LHCb detector has successfully collected many unprecedented datasets 

that  will be used to address the goals of the 2023 Long-Range Plan. The data-taking 

accomplishments include:

 - Collecting a factor of 2 more pp data than in all previous runs

 - Collecting a factor of 2 more pp data than in all previous runs with greatly improved 

trigger efficiency, thanks to the GPU-based software-only trigger,

 - Collecting a factor of 6 more PbPb data than in all previous runs combined,

 - Successfully operating the high pressure SMOG2 gas target system to collect fixed-

target p-gas and lead-gas samples that are orders of magnitude larger than previous samples,

 - Collecting large samples of light-ion collisions, including pO, OO, and NeNe collisions.

LHCb Accomplishments
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DOE-NP has decided not to support LHC upgrades, including LHCb 

Upgrade II, scheduled to begin taking data in 2036.

 - This upgrade will greatly expand LHCb's heavy-ion physics potential 
with improved detector granularity.

 - DOE-NP participation in Upgrade II was limited to a modest soft 
particle tracker, but this will no longer be supported.

 - At the same time other countries are increasing their participation in 
LHC upgrades.

 - This situation leaves the scope of future US involvement in

 heavy-ion physics highly uncertain.

LHCb Outlook
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¢ƻǿŀǊŘǎ ǘƘŜ 9L/ΧΦΦ

ÅAccelerator: RHIC operations expected to end in 2026 and 
construction of EIC in RHIC tunnel to get underway.

ÅePIC detector design proceeding.

ÅEPIOS scientific consortium formed to realize polarized ion beams at 
EIC.
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EIC Scientific Case Built Over Decades

20

ά¢ƘŜ ǎŎƛŜƴŎŜ ǉǳŜǎǘƛƻƴǎ ǘƘŀǘ ŀƴ 9L/ ǿƛƭƭ ŀƴǎǿŜǊ ŀǊŜ 
central to completing an understanding of atoms 
as well as being integral to the agenda of nuclear 
ǇƘȅǎƛŎǎ ǘƻŘŀȅΦέ (National Academy of Sciences,2018)

ñWe recommend the expeditious 

completion of the EIC as the highest 

priority for facility construction.ò 
(Nuclear Science Advisory Committee,2023)

EIC will be the only operating particle collider in the U.S. and the only large collider
to be built in the world in the next 20-30 years. 20
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Compelling EIC Science (National Academy Report)

How do quarks, gluons, 
and orbital angular 
momentum contribute to 
proton spin?

Spin is a fundamental property of 
matter. All elementary particles 
but Higgs carry spin.

Spin of composite particles such 
as the proton cannot be 
explained by a static picture but 
are caused by the interplay of 
properties and interactions of 
quarks and gluons inside.

Does the mass of visible 
matter emerge from 
quark-gluon 
interactions?

Atom:
Binding/Mass = 0.00000001
Nucleus:
Binding/Mass = 0.01
Proton:
Binding/Mass = 100

The EIC will determine an 
important term contributing 
to the proton mass, the so-

called QCDtrace anomaly.

How are quarks and 
gluons distributed in 
space and momentum 
inside the nucleon & 
nuclei? 

How do the nucleon properties 
emerge from them and their 
interactions? 

How can we understand their 
dynamical origin in QCD?

What is the relation to 
Confinement?

How do the confined 
hadronic states 
emerge from quarks 
and gluons? 

Is the structure of a free and 
bound nucleon the same?

How do quarks and gluons 
interact with a nuclear 
medium?

How do the quark-gluon 
interactions create nuclear 
binding?

Does gluon density in 
nuclei saturate at high 
energy?

How many gluons can fit in a 
proton?

How does a dense nuclear 
environment affect the 
quarks and gluons, their 
correlations and interactions?

=

?gluon
splitting

gluon
recombination



EIC Facility Ultimate Performance Requirements
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The EIC design and performance parameters address the requirements established by the U.S. Nuclear Science Advisory Committee 
(NSAC) Long Range Plans (2015 & 2023) and endorsed by the U.S. National Academy of Sciences (2018).  EIC will be a unique collider 
facility in the world, strengthen U.S. leadership in nuclear physics, and advance accelerator and detector technologies for future 
facilities. The EIC will be an end-to-end AI facility by building a fully cognizant facility from accelerator to detector to data analysis.

ÅHigh Luminosity: L= 1033 ς 1034cm-2sec-1

ÅHighly Polarized Beams (electrons, protons, ions):  70%

ÅLarge Center of Mass Energy Range: Ecm = 20 ς 140 GeV
ÅLarge Ion Species Range:  protons ς Uranium

ÅLarge Detector Acceptance and Good Background 
Conditions

ÅPossibility to implement a Second Interaction Region (IR)
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EIC Status At A Glance
Å EIC facility scope provides the capability to achieve the 

performance required by the Mission Need.

o CD-0 ς December 2019

o CD-1 ς June 2021

o CD-3A ς March 2024

o CD-3B ς pending, ESAAB approval expected soon

Å EIC cost is $3B, continuing to absorb cost of delays

o To date $0.5B funded by DOE, including $138M IRA funds

o $100M of additional NYS funding is in the bank.

Å A single integrated line-item construction project executed as 
subprojects with well-defined deliverables, interfaces, and Key 
Performance Parameters.

o Accelerator Storage Rings (ASR)

o Detector (DET)

o Interaction Region (IR)

o Electron Injector (EIN)

o Project and Integrated Performance (IP)

 (includes Energy & Luminosity Ramp-up (ELR))

Å EIC is ready to start construction after RHIC concludes late January 
2026.

Å Anticipate CD-2/3 for ASR and CD-2 for DET in 2026.

Å EIC initial science begins in 2035
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