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Appendix A

Charge Letter

From: Vigdor, Steven <vigdor@bnl.gov>
Date: Wed, Dec 16, 2009 at 6:44 PM
Subject: Charge for new decadal plans for STAR and PHENIX
To: Barbara Jacak <jacak@skipper.physics.sunysb.edu>, Nu Xu <nxu@lbl.gov>

Dear Barbara and Nu,

As we have discussed in Spokesperson’s Meetings, I am herein charging the PHENIX and STAR
Collaborations with generating new decadal plans that lay out your proposed science goals and
detector upgrade paths for the period 2011-2020. The decadal plans generated in 2003 have been
extremely useful for RHIC and both experiments. Now that we have received (or are on the verge
of receiving) funding to carry out most of the upgrades described in those earlier reports, it is
timely to develop a clear roadmap for what comes next. With current funding profile guidance
from DOE, it appears that the STAR Heavy Flavor Tracker may be completed in FY2015, and
the suite of significant PHENIX upgrades are likely to be completed sooner. We also anticipate
that the various RHIC machine luminosity upgrades under way (six planes of stochastic cooling,
56 MHz SRF rebunching, electron lenses) or contemplated (low-energy electron cooling) will be
completed by 2015. Not unexpectedly, then, we are being asked by DOE what plans we have for
RHIC beyond 2015.

I am therefore asking you to generate a document for each Collaboration, to be delivered to me by
August 1 [October 1], 2010, that provides the following information:

1) A brief summary of the detector upgrades already (or soon to be) in progress, the timelines
for completing them, the new science capabilities each adds in combination with upgraded RHIC
luminosity, and your best current estimates (informed by the current strawman 5-year run plan for
RHIC) of when you will be able to acquire the data that addresses the relevant science goals. This
can even be summarized in tabular form, and should be consistent with the latest RHIC Midterm
Plan.

2) The compelling science goals you foresee for RHIC A+A, p+p, and d+A collisions that can only
be carried out with additional upgrades (or replacements) of detector subsystems or machine ca-
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2) The compelling science goals you foresee for RHIC A+A, p+p, and d+A 
collisions that can only be carried out with additional upgrades (or replacements) 
of detector subsystems or machine capabilities (e.g., further luminosity or 
diamond size improvements). For each such goal, provide some explanation of 
why RHIC is the appropriate facility (e.g., in competition with LHC or FAIR) to 
pursue that science, and preferably some simulations that demonstrate the 
need for new detector or machine capabilities to address the compelling 
questions. If the pursuit of some science goals is conditional on results to be 
obtained over the next several years, try to outline the decision points you 
foresee for deciding future paths. 

From: Vigdor, Steven <vigdor@bnl.gov> 
Date: Wed, Dec 16, 2009 at 6:44 PM 
Subject: Charge for new decadal plans for STAR and PHENIX 
To: Barbara Jacak <jacak@skipper.physics.sunysb.edu>, Nu Xu <nxu@lbl.gov> 

4) Any plans or interest your Collaboration has in adapting your detector or 
detector subsystems (or detector R&D) to study electron-nucleon and 
electron-ion collisions with an eventual eRHIC upgrade. This is relevant only 
near the end of the decade addressed here, but will be important for planning 
purposes. (We may well be forced by financial or environmental considerations, 
even for a first MeRHIC stage, to consider options in which acceleration of the 
electron beam is carried out around the RHIC tunnel, requiring some scheme for 
getting an electron beamline through or around PHENIX and STAR. So it is worth 
considering if there is some way you could make use of the e-p and e-A 
collisions if we provided them.) 3
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Figure 2: Layout of the upgraded PHENIX detector (sPHENIX).

spatial tomography of partons within nuclei.

Our plan is to carry out the Midterm Physics Plan while simultaneously aggressively
pursuing a targeted R&D program and detailed physics simulations to move this new
detector concept to the proposal stage. Critical R&D is necessary to optimize the radius
of the compact detector and its implications for jet capabilities and maintaining electron
and photon PID. This R&D work will enable optimized technology choices and the de-
velopment of a full detector proposal. We note that development work for the proposed
forward spectrometer has significant overlap with work towards a dedicated EIC detector.
We then envision a staged approach where some components are available for physics, as
indicated in Figure 1, and then over a two-year period the solenoid and two new spec-
trometers would be installed. This new detector is referred to as sPHENIX and would
then be ready at the start of EIC physics (referred to as ePHENIX). At this time a Su-
perQCD era at RHIC would begin, with the power of this truly formidable facility.

This document is organized as follows. We use a parallel structure where we describe sep-
arately for heavy ion physics and for nucleon structure physics: A) the current status of
the field and the RHIC program therein, B) the key physics questions and measurements
to address them over the next five years – the Midterm Physics Plan, and C) the key
physics questions and measurements to address them over the decade beyond that – the
sPHENIX Physics and Upgrade Plan. Then in Chapter 7, we describe the detector plans
and required R&D for the sPHENIX upgrade, and in Chapter 8 we discuss the physics for

v
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sPHENIX
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sPHENIX ca. 2012

Decommissioned solenoids of CLEO, CDF, D0, and BaBar investigated but none seemed appropriate6



Original HCal artwork

E. Kistenev

WLS fibers in 
scintillating tiles

Tilted steel plates: 
absorber doubles as 

structural support



Electromagnetic calorimeter
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Always have an upgrade concept!

• EMCal preshower

• Upsilons 

• high pT π0 RAA

• improve direct γ and γ-jet


• Tracking upgrade

• high pT hadrons

• modification of jets 

• heavy quark (b, c)
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• Science case is strong, but … would be stronger with those tracking upgrades 

• Novel EMCal design looks risky — you sure about that? 

• Should consider 100% contingency (!) on magnet

Feedback from 2012 review
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July 2013: DOE approves transfer of 
BaBar solenoid from SLAC to BNL 

“Transfer Order 
 Excess Personal Property” 
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sPHENIX ca. 2014
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Calorimeters reworked for BaBar solenoid
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Scintillating fibers in W/epoxy matrix

1m

2m



Feedback from 2014 DOE CD-0 review

• Science case is still strong, but … how about even better tracking? 

• No immediate CD-0 decision — we would hear about that two years hence
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QCD and Hadron Physics Town Hall, Temple University: September 2014

 

 

  QCD and Hadron 
Physics 
Summary of the DNP Town Meeting            
Temple University, 13-15 September 2014 
 
 

2014 

Stanley J. Brodsky, Abhay L. Deshpande, Haiyan Gao, Robert D. McKeown, 
Curtis A. Meyer, Zein-Eddine Meziani, Richard G. Milner,                       

Jianwei Qiu, David G. Richards, Craig D. Roberts 
 

2/16/2015 

Probing 

What jets studies at RHIC 
can tell us about QGP properties

ALICE

Jamie Nagle
University of Colorado

APS Division of Nuclear Physics: 2014 Long-range plan
Joint Town Meetings on QCD 
Temple University 
September 13-15, 2014

THEORY

Fat Jacks in Philly

How does QGP work?
• The open theory questions are still big. How best to see

point-like scatterers? And, then, how best to operational-
ize the question of how the liquid emerges?

• Ideas to date focus on jet quenching phenomena, as they
involve physics at varied scales. A Gaussian distribution
of typical transverse momentum broadening arises in a
strongly coupled liquid, or via point-like scatterers. A
power-law tail in the distribution of rare harder transverse
scattering can only come from point-like scatterers. Need
to look for the scattering of moderate-momentum par-
tons within a jet. Need precise measurements of how the
medium modifies the angular distribution of those partons
with a given momentum within a jet.

• First steps, both experiment and theory, have been taken.
But only first steps. Need higher statistics dijet and gamma-
jet data coming at the LHC. And, need to be able to com-
pare the modification of the structure of jets at LHC and
RHIC (sPHENIX). And, need new ideas.

Gunther Roland QCD Town MeetingJets at RHIC and LHC 12

A state-of-the-art jet detector at RHIC
Use consistent experimental approach at RHIC and LHC 
to provide lever arm from T ≈ TC to T ≫ TC  

Study jet quenching vs medium temperature and density, 
parton pT, flavor and pathlength 
• to achieve a detailed characterization of QGP 
• to understand how QGP properties arise from QCD

sPHENIX Key capabilities 
• Full calorimetry 
• Tracking 
• Rate capability 
to exploit luminosity (>50/nb)  
and √s range (62-200GeV) at RHIC 

RHIC integrated luminosity up to 
x10 higher than LHC

• Discussion was … robust 
• Not everyone wanted sPHENIX to 
specified in recommendations

16Gunther Roland

Jamie Nagle Krishna Rajagopal



The 2015  
LONG RANGE PLAN  

for NUCLEAR SCIENCE

 REACHING FOR THE HORIZON

The Site of the Wright Brothers’ First Airplane Flight
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2. Quantum Chromodynamics: The Fundamental Description of the Heart of Visible Matter

describe quark and gluon interactions, the emergent 

phenomenon that a macroscopic volume of quarks and 

gluons at extreme temperatures would form a nearly 

perfect liquid came as a complete surprise and has 

led to an intriguing puzzle. A perfect liquid would not 

be expected to have particle excitations, yet QCD is 

definitive in predicting that a microscope with sufficiently 

high resolution would reveal quarks and gluons 

interacting weakly at the shortest distance scales within 

QGP. Nevertheless, the d/s of QGP is so small that there 

is no sign in its macroscopic motion of any microscopic 

particlelike constituents; all we can see is a liquid. To this 

day, nobody understands this dichotomy: how do quarks 

and gluons conspire to form strongly coupled, nearly 

perfect liquid QGP?

There are two central goals of measurements planned 

at RHIC, as it completes its scientific mission, and at the 

LHC: (1) Probe the inner workings of QGP by resolving 

its properties at shorter and shorter length scales. The 

complementarity of the two facilities is essential to this 

goal, as is a state-of-the-art jet detector at RHIC, called 

sPHENIX. (2) Map the phase diagram of QCD with 

experiments planned at RHIC.

This section is organized in three parts: characteriza tion 

of liquid QGP, mapping the phase diagram of QCD by 

doping QGP with an excess of quarks over antiquarks, 

and high-resolution microscopy of QGP to see how 

quarks and gluons conspire to make a liquid.

EMERGENCE OF NEAR-PERFECT FLUIDITY
The emergent hydrodynamic properties of QGP are 

not apparent from the underlying QCD theory and 

were, therefore, largely unanticipated before RHIC. 

They have been quantified with increasing precision 

via experiments at both RHIC and the LHC over the last 

several years. New theoretical tools, including LQCD 

calculations of the equation-of-state, fully relativistic 

viscous hydrodynamics, initial quantum fluctuation 

models, and model calculations done at strong coupling 

in gauge theories with a dual gravitational description, 

have allowed us to characterize the degree of fluidity. 

In the temperature regime created at RHIC, QGP is the 

most liquidlike liquid known, and comparative analyses 

of the wealth of bulk observables being measured hint 

that the hotter QGP created at the LHC has a somewhat 

larger viscosity. This temperature dependence will be 

more tightly constrained by upcoming measurements 

at RHIC and the LHC that will characterize the varying 

shapes of the sprays of debris produced in different 

collisions. Analyses to extract this information are 

analogous to techniques used to learn about the 

evolution of the universe from tiny fluctuations in the 

temperature of the cosmic microwave background 

associated with ripples in the matter density created a 

short time after the Big Bang (see Sidebar 2.3).

There are still key questions, just as in our universe, 

about how the rippling liquid is formed initially in 

a heavy-ion collision. In the short term, this will be 

addressed using well-understood modeling to run 

the clock backwards from the debris of the collisions 

observed in the detectors. Measurements of the gluon 

distribution and correlations in nuclei at a future EIC 

together with calculations being developed that relate 

these quanti ties to the initial ripples in the QGP will 

provide a complementary perspective. The key open 

question here is understanding how a hydrodynamic 

liquid can form from the matter present at the earliest 

moments in a nuclear collision as quickly as it does, 

within a few trillionths of a trillionth of a second.

Geometry and Small Droplets

Connected to the latter question is the question of 

how large a droplet of matter has to be in order for it to 

behave like a macroscopic liquid. What is the smallest 

possible droplet of QGP? Until recently, it was thought 

that protons or small projectiles impacting large nuclei 

would not deposit enough energy over a large enough 

volume to create a droplet of QGP. New measurements, 

however, have brought surprises about the onset of QGP 

liquid production.

Measurements in LHC proton-proton collisions, selecting 

the 0.001% of events that produce the highest particle 

multiplicity, reveal patterns reminiscent of QGP fluid flow 

patterns. Data from p+Pb collisions at the LHC give much 

stronger indications that single small droplets may be 

formed. The flexibility of RHIC, recently augmented by 

the EBIS source (a combined NASA and nuclear physics 

project), is allowing data to be taken for p+Au, d+Au, 

and 3He+Au collisions, in which energy is deposited 

initially in one or two or three spots. As these individual 

droplets expand hydrodynamically, they connect and 

form interesting QGP geometries as shown in Figure 2.9. 

If, in fact, tiny liquid droplets are being formed and 

their geometry can be manipulated, they will provide 



January 2015: magnet begins its commute down I-280 
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Forming a collaboration 
December 2015

• ALD Berndt Mueller asked 
John Harris (Yale, STAR & 
ALICE) to lead the process. 

• 70 participants — not all of 
them from PHENIX — met at 
Rutgers University. 

• Gunther Roland (MIT), DPM 
elected co-spokespersons.

Welcome'to'the'sPHENIX'–'''
“New'RHIC'Detector”'Collabora;on'

Mee;ng'

John%Harris%
Yale%University%

Dec%10%6%12,%2015% John%Harris%%%%%%%%%%%%%%%%%%%%%%%Inaugural%sPHENIX%/%"New%RHIC%Detector"%CollaboraGon%MeeGng% 1%
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Mission Need Statement 
for an Upgrade to the 

Pioneering High Energy Nuclear Interaction 
eXperiment (PHENIX)  

known as Super PHENIX (sPHENIX)  
as a Major Item of Equipment 

 
Non-Major Systems Acquisition 

 
 
 
 
 
 
 
 
 
 

Office of Nuclear Physics 
Office of Science 

U.S. Department of Energy 
 
 

Date Approved: 
September 2016 

 
 

 
 
 
 

CD-0 approval September 2016 

Yay!  We’re all set! 

… uh, hardly.
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sPH-GEN-2017-002

sPHENIX MIE Cost Range and sPHENIX
Scope

The sPHENIX Collaboration
November 3, 2017

sPHENIX G4 simulation
Pythia8, 50 GeV dijet event

OHCal
IHCal
EMCal
MAPS+IT+TPC

Descoping: identify what you must have, 
impact the science as little as possible, 
keeping in mind a strategy for recovery

21

Project Director: O'Brien 
Project Scientist: Haggerty 
Project Engineer: Mills 
Project Controls: Young, Sourikova, Lavelle



Recovering scope was top priority.   Add scope to maximize science.

Collaborating institutions: Fudan Univ., Peking Univ., CIAE took on scope of 
high-η EMCal towers! 

“The First sPHENIX Workshop in China,” at 
Peking University, Beijing, April 22-23, 2018

RIKEN contributed INTT 

BNL capital projects: 
MVTX, inner HCal 

BNL + Saclay, MIT, LANL: 
TPOT 

NSF funded the event 
plane detector via Lehigh

MAPS proposal

22



sEPD

MinBIAS

TPC

MVTX

iHCAL

MAGNET

oHCAL

INTT

EMCAL

TPOT
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Everything, everywhere, all at once — our Indico has 5600 meetings

• TPC at VU, WU, Wayne St., SBU, Lund 

• EMCal at UIUC, Fudan, Peking, CIAE 

• oHCal at GSU, BNL 

• iHCal at ISU, BNL 

• INTT at BNL, RIKEN, Purdue, NCU, NTU, NWU 

• sEPD at Lehigh, CU 

• TPOT at Saclay, BNL, LANL 

• MVTX at CERN, LBNL, MIT, LANL 

• MBD at BNL
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I’m not superstitious, but … 25
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Original TPC gas: Neon + CF4
27
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February 18, 2022
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sPHENIX
Japanese translation of Scientific American article on RHIC
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Into the home stretch: “Approval to Operate”

• Major focus was safety: 
documentation, procedures, 
interviewing shift crews, electrical 
code inspections, signage & 
labeling, hand rails, walking 
surfaces 

• For some of us, unfamiliar review 
territory — about nine weeks to 
complete 

• Received approval from 
Brookhaven DOE site office on 
May 18 — fantastic!



sPHENIX control room



sPHENIX: from concept to commissioning

• To do interesting things at scale, you need help from a lot of friends! 

• DOE (NP and site office) and NSF and IKC 

• BNL — capital projects, facilities, scientific, technical, and trades 

• sPHENIX collaborators and their institutions did amazing things! 

• Unusual opportunity for students, postdocs to learn, contribute, lead 

• Leaving you on the threshold of sPHENIX operations!

sPHENIX



In 2013, ALD Berndt Mueller charged 
STAR and PHENIX to develop EIC 
detector LOIs

Pondering an EIC future … Concept for an Electron Ion Collider (EIC)
detector built around the BaBar solenoid

The PHENIX Collaboration
February 3, 2014
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Sam Aronson (BNL)
Krishna Kumar (UMass-Amherst)
Jianwei Qiu (BNL)
Veljko Radeka (BNL)
Paul Reimer (ANL)
Jim Thomas (LBNL)
Glenn Young (JLab)

Review panel for PHENIX LOI 


